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A Bl 72 T 17 ; MORB Mk b2zt BTt A B VEH R X
RAPIRA M 2 R 2 s KR 2R A
H A N-MORB WJFHE (5K, 2021a) . H TRiT T
(A b RS2 T 9 H g AR XE X 43, 1T MORB J-E K
T R 2 i < 7S S 1 A Y S T e N S N
)T, TEXFMEN T, 2% BRI TR & LY
T

EF NN M A 2 Tl A FEAR ] 1Y UL A AR
B RS s ORI R AL, AT e R ek
S HE B S, IR R R R v A g
AL YA AR R BT BT R B PR AL, T RE
FAT R T LI Ay )

SCHIRZE A I S A I TTE T sk A 5 B BT
HERE  F8 A A BT b — 4 ) 3 (R R i A paf
) R ER AL 8, e AT i 1 A
B EH AT sk T S BV 20 i g L 4R
OB E A ER Yy B AR e s n i o b B L
IFEH

1 R EEECE BT 2 ih

1.1 HEENdpRE

H W D g 2 502 v [ R A7 SR A i e 2, 2
R e 0, 12 NN RS2 e o A0 b i) 45
R BB Igsa NUS A H G R B AER
B ) R U U AR AR 2% S (B SRR A, K,
2015) . AANLLA, BESR H w8 02 {47 AR G B e
R SRR B AN H I (5 SR ) e

G R SE T A BRI N Rk, A
BT AR, H O s A T LAy AR R P =B
(1), BB i e 1 @5 1 LA H g I o s i
B, VB ] B X o T BB A )R AR B
A1 P b DX A FR AN J2 g o (5 E R [ R, 2001)
PGB i AL B R s MO 5, n 2 A AT
RACE LT HE &, B BN kess 2 f —E
DX RN AT BE A Bl 52 T 8% F R0, IR LR g s
SR Y Y (R AN [ B, 2001) o HYR, H g
Il A — 35 44 AN [A] Tl o e SO iR
FORBE" 2 E SR H K 1Y (Nicolas et al. , 19815
Girardeau et al., 1985;
1988) . ‘ESEA R R F 7 XM TE H
psn R — e Ay e ga T TE X iUE R 2
TARATREA A IRBE XA BT, N 3 B 5 IR A ]
BB ER B BRI 1 TR B A REF & A T fig
o PRI H8 5 R AT RERY RN G B, 7T
U, H AR a5 R, A s R R, 5 R
FAMKCR— AR, H e XA 3%
o, BN IR AN b i) RAT R IS ¢
fit, ZH R AKFR? WR—ATHEMIMRI,
1.2 =iTHRiTiES S
SUTHLIX SCHER IR B g sk ik 6 k2 £ B
T VUL R H R R
ROTINAF , AL e S R SR ) R i, T
S SR B e 4 e 1Y 75 (SKIEE, 2021a) AT RE I
KA AT, B T REAS B — A

Girardeau and Mercier,
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Fig. 1. Sketch of the tectonic map of the Yarlung Zangpo ophiolite zone (after Yang Shengbiao et al. , 2017&)
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FEAERC S, B s s BN AR A 1
AT RE F B S W IR e AR i kiR A s (£ i
WA 1985) XA EUA 75 B A TR TR ARG, TR
VLAl 0] B f 22 (4% = B9 ik 1 2F 3 55 Zhai
Qingguo et al. , 2019) LS RIE, B S EMERN %
BHED

B ZR T A AL T = R PO AR, AR AR Ll s
VPG g i b B P b Bty A= AR e AR (181 2)
R, R AR DT LR — SR R A 1 2 TR Y
PRI SCA R A ATRERY . 78 = B T LU A g Bk 7Y
X =GR A I Ml s A ek, K 24
SRAVESCAAE T A e T A RS BT s
THCE T (JJRA VR KRR R S ) . =6
LR T M RS 5 SRS BT AT 5 i A DG HYTIE
AL A B R DU 5 IR 22 ME A (IR 45 1992,
2020a) ,

SVLH X I K F IS8 BT MR S
il I B R A izl AR MR A I
WRACE IR T B LR A 55 (IR 2l A4
5, 1979 IR 1985,1992; R4, 19935 #h k3%,
1998) . PRk, ¥ R H AT GOk, =TT X AT BE A A
BT — i E MG UM S Ay LT 58 . YT
X i A A D R AR AR A R E , T AT
ATTE TV SRR B2 07 s g e 1) A, % I 2 4 AN
RS LA LA
1.3 Jigwigs

WRiL, X THBESZSNWMRELKZ
( Konstantinovskai et al. , 2003 ; Bian Qiantao et al. ,
2004 ; Tan Jun et al. , 2020; Guo Anlin et al. , 2007
Jia Lihui et al. , 2018; Li Wangye et al. , 2007; Li
Dian et al. , 2019; Li Ruibao et al. , 2021; Yu Miao
et al. , 2020; 1 THE5E, 1997; EFRF S, 2000) , 41
B /R4 RELC Al nl Py L B @ 30 Sedb s | R AR
B P A (IR A B R W] — 2R R AN TR PRI )
EHERETFRT I H AR SEAL G A R
(TR AEAN & [ PR, 2001 ) , e ile A B, m] ] oy L il
HAAE R ) B i & . SeAb IR a4 Tl
e AR R A2 — AN A R I — AR g
T B AT B T E N T 2R I 1 ( Bodinier
and Godard, 2014; Zheng Jianping et al., 2019;
Xiong Qing et al. , 2015) , iX 4% M 58Ik 2% 4 fift 2]
JeZ04 A 3R 5 He 78 B AR A Qi Bk —
HBEERR A ] BEAR AN SR e Ak A, R Tk (LM
( Bodinier and Godard, 2014 ; 5Kji£%%2020a)

I L A R B B R KA &, 5
SN TR A B S S A A — SN SOk R
EA Bl sk s A MR A ML RA 1 , BlA &
FLRIRIGA TR G 2, AR 1 DR AR MER
TIREMEER A, HA, A5 Lo i e SRR 2 A T BE
FEE SRR A AR AR AR e e m TR A . — B
Sk, 5 AR VR FH AR A I Bk — B kA T
BEAS RIS, AR, T il TR IR b 4 FH 2 T S8 19
(FEZE5555,2019) , iAWty A= AQ R L A AR g
FHRIRIR AR =T X — A Fe ATk 2 — 4
Rl AR g a1 XA A BEAR SLIXFE I TR | A
UL
1.4 BIELTFRREE

HRIE A L 57 T S AR I A Al 35 AR B B
Z 8], Noe il — BRI M oy A AR, L AT dp s
SRR TCEEM), ol LAy Rl AR g e A A )
R )R AR AR A B AU VR R LB B T
HEZA? AR TH 47 & ZHE0H5%, A
Wrsth BT R T 6F L, B 0 PR A 2R
LA 5 — b SRR A0 A et DA 2 A
G FRE S ER S EE =
F0, WP R A B, Lk PR BRI AR R A
PERIE, B T4 0, A AR AR U (R R R,
1963) . CHEE, RFEZC LM A, I A Z 5 H
I BE R —H BE A DL . MORB 454, — Ui A &
Thpss T (k4 B4 2021a, b)), F, —44E
BR—lB B R B, A B AN R o dp 4
Foa AR SRR R DL ) R T T 2 2 5 IR
P S, M SRS SR R AL s R b R
(K —D 7T (E 054 2019) , 20 T % N3 IR
Z R AERE T, BN, s Ui R 22
— AN 1) R T LA 1) 5 Ak )

T LR B S S AR R R H , NS S
KBV TR A EA KA T A,
AR LA A AR g a2 (3K I 55, 2020a) , BUAR
AT BERRAFTE XA T8 (PR WLR I8 ) o AR IZ XA
A K KT A A 1 b BR AL 2= F 5 A 41 )
U BA BBk A2 FRE A A A — o B T
ol ok HEGSE T A A CRILS FRA S ) ]
FERT DLEAT SRV Z R AE (10 Th>Ta) . A,
Sy A RAAE 322k U5 T B 72 B A Z AT
Z£(2008,2009 ) Xif H I 3 LAy £k 28— & 28 Ak 1l
O AR A EANDEA R B,
T2 T S P 5 R RS I LAY
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1.5 JbRmigtesFE

eI TAdb b & 54 TG Z ), F ]
BEAETE— TR A (AL 22 %% , 20045 T 42 %% %, 2019)
HR AR R 245 B [l 3 g =T IX
[ Ik e = e | 3 S S Sl i NG
FFRBE RIS VG - A 5 . 17 22 AAR{E PH R AR
MFRpsS S LIRSS 2 . WA A=A,
FERUBE AR —2 5 9K R 30 () A AL (koA &) [
PR,2001) o 5K R ER (2001 ) 8 [) A3 13 1) 1 s
MRS A A g s, (H 5K 45 (2020a) B 1E TINR,
TASAAIARS V) b 1058 MR 7 B L RO e 7 I e
o

JLZ WS T REJE T e st 1 2 2 AR 2 5
FEHE I sRiR A (K %15 AR L | 1995 5 K L A i)
IR,2001) , ABERGE IR S st a R 2, —
ALY PR AT B Y PR VG M O A R
PEEF FHEE eSO PRI SE PR X, I AR B
R B S TR 2% R I (5K 5% 3 RS EE | 1995 ; 5K i
FJREPE,2001) o 7Edb FE £FHh X TR A 5 1y 5L T
G Y by S A N W K e L B [ R T
P aRiR A T R A AR S AR, SR
B B B A SRR PR R e N B
R A RSk Sk BH S Fr 8 S 20 B, MK A2 1Y) D 2 A+
MFRMA (LA ) , HER T2 a4 Y
T N-MORB ( 7K 5% ¥ A HEE | 1995 ; 5K 2 A J&] [ PR,
2001) ,

Vi PR S R M SR IR A A W G TR A2 A 1Y)
A EASAN R, WNE 2 F, TR
& JR R 2 B B s Ak i — RS A I R
FRBLICHE 43 A1 A R K o 1) KA A R Sk 7™ T 3
X BAREIRAMERU R, B 2 I PARIR
Z ARK, RZH007 F L TR, Rl W 5 4%
R B 2 R s 4 e, 2 M Ak s R B
JERE 4 (5K 5% 78 5K i, 19955 5K i AR K,
2001) ,

FELEHLME MRS 5 [T AR 2 Wi 2 i — N )
UEHE , (EU , MM AR 7 2 Bl et iR 5 ZF T, T
IR A A X IR | H A T HE Ao 7 o B
BeTE SEVE Y S Rl W IR A A — R BRI TV
Fa VA B 5 R I il A ) 51
1.6 HEEARESE

rh [ R 7 AR s B ET R BORE, AU AR e gk A AT
DA E AR, A2 Amd ) a5,
LREERIN G, &l BE AR — > 1 LA
AR e 2% A (5K A JE [ G, 2001 5 5K 1, 2014 ; 5K il
85,2020a) . Bk, B g AT A A0, AR 1 B2 55
WA A IO W A 25 AN, STk Hh aE AR
N AR — A T, KA h e
Z MR D B TR S TR 2 M R L L R 2
(TR AN JE DS, 2001 5 5K, 2014) , AR )1 g ot 4
WEAET USRI —AE L FRATER e 2
s AR, A5 VT XA — A\ i g o (b

FEt] 7B K B4 siliceous marble

FHEE quartzite

2 = K # A biotite marble

| MO %87 2% A% micaquartzschist
IE #HK& A WA plagioclase amphibolite
(@ | 35 Mk 22 metabasite

B 7z i = granite

==~ ) ¥ 39 ) #ductile shear zone
ESar-y P stratigraphic boundary
Wi B fault

LE | #3544 |2 Palacocene red beds
[Pz | 5 4 4R = 42 11 B Paleozoic Yunjiashan group
(Ptkp | %% $ 42 B Kuanping Rock Group
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P 2 B o4 R M b S8 3P —HATs —fy B P (kAR 4, 1991)

Fig. 2 Schematic geological map of Northern Kuanping and Banqiao area in the Shangzhou City,

Shaanxi Province (after Zhang Shouguang et al. , 1991&)
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KITE,1988) , REH RN R, B TRAR
e, AR e sk 2 ok A Rlioe T A 3 LU AR
o
1.7 FIFRMERFES

FALL Z 2 7R ZR AU AR B 1) g g o A 9 M 3 48
KPR RAR, o6 A, N ST A 4
BT B Sk | 76 A AR T M B v o o) o — A~
A R4 A (XK T4 ,2019) SRR ATRERY . B8
TR —H B AN S s, 2B e e
A LA (TR AE [ P, 2001 5 Sun Mingdao et
al. , 2018) .,

2 i

2.1 WmEFEEMENX

RN RTEE T SRR 25
1 ( Dilek, 2003; Dilek and Furnes, 2011; {747,
2005 ; ik ESE 2012, K, 2014,2021a) , ZEH5IA
H 1972 AR B T S WO T Mgk 1 8 LA AT
IR21E FH Y (Anonymous, 1972) . $E X537 (1984)
A HAE 1927 45 Wi 22 K 2 (Steinmann ) BPFFJE T
F“pgga ™ —an i 2t e 8o b o A fn b
EFERCE X ECE LR A AR IR T S TR
U, Qs R A g £, Bt 1955 4,
58T (Hess ) BESCKF S0 BEPE AL RIS A7 A 1Y
HEFRAIBEHE SR =0 — K7 RoRH BB
HEXZ (VLRSS 1984) 1972 4E 1135 B i 4
WURRR S Z e s s A3 BRI TR = 1)
“CEN R MRS, BTRRE S sA N — A
IARTEY RN — B — W& s ads
IARTE , Ay BV (MO ) i sts
IE BT O A MESE i 35
KA A, AR TR (W A i 3
RERT 7 R ST A KA .

ML A AR ERA 2T, s B &)
B RS ZHORMIIR K, et A X A A
FEAIEME— 1, V5 2 A () A 15 75 55 7 Hh I B ik —
BB T LI BRI AL, B an = gl 32 1L
P Borgia et al. (1992) ffF 5%, 53 K 115 AT RE &
PLkilis &8stz ey, i e as kol
B T N [ 7 9 o s O | =3 = P O i o |
TREBt . RJZH (SRZ) WEE 0~ 2km, B AU &
B RNk E i 245 2R 2 A (IRZ) J& 2~ 5km, H X
B 1) T AR A ISR i A 2, 72 o AT Gk
Rad, i TR MAE, IRZ A 5547 E 4 4F Maui

Oahu Kauai 25 K 1L B B, BRESHT (DRZ) ¥ 5~
10km , AR 4f S 5 15 ) F ) S i 0 Pl B AR TR
A RO FE R S 2 B B R B R e
B (P5 Borgia et al. , 1992; 5 A1 5 F K, 2001 )
XANEI AR S S i s 1 EsE A 2kl Bk
VLB AT IR — A F T, A5 A S B8] i) T 2
e, HSte e — i TR B MR i v I 2H
B NERON B Bk —E BE B TR HE WA ) O
W e, ) O s X s THER
O HAE A (SR AN [ B, 2001 )

W 7 AAD 3 LI AT X R R T, 9]
TNZET AFAE DU )1 SRR 75 3 DXL 38 ) — >3
drEr v T, AT 1) B A RO | BRI M A
FMERCA A5 (HR WS AR X s . s s
BRI ER (R AT RE =& a0 LTS sk
o275 OB BYHFAE (FRIEEAE, 1990, 1992; 3K
FHJE [ PR, 2001 ;3K 1 ,2014)

I VR —Aa A A TR TR I a0y
AR T IOSCE AT 36 0 24 A 45 TR FHR 22 A LA
LA BN B —E R & L, s e
8 = — A7 2 OB U0 b Sz e 1 g s S X
SR, Sigss A IR TTRRA Z AT A A TC,
MR RN B 5 R IO SR AE TR A
(LIS MRS 2, & ] RE S i e (b IE AT A AN 2
J LY, R A S R 1Y) | L PT REAS R e Ak e
(MMM 2 ) . AN igsk a2ttt 4 2
KRl A Pl g ( BV L)

2.2 mERE5ELEKE

Iy M e R e aeoa A /Y, T2
ULE s LA R sk s T, XA )R E Sh
T 2 ( FERIRIN A2 ) it 1 LA
[RI AR, anffiFe . 2& ( Nicolas and Jackson, 1972) |
1 I A ( Menzies, 1984 Tubia, 1994; Lorand et
al. , 2000) IR (Dentex, 1969 ) Al 1% 7
%4 (Doblas and Oyarzun, 1989) 5% BfiZ5 XX FhZs Al
HRBEE R H 2 R, ERVFZARIEPEIR T, (L
“ T IS A (orogenic peridotite ) ” 8 K 22 K2
ez A SCHB G . A S e s, mORTESE
St 5 R AE SR e W 2 B IE 4, R W]
RSN 5 e 22 8] ] REAF 7RI A i P AR AE
(HKHERE, 2020a) . HEHH SFAE =TT X %5 5 L K
P X R B A, 2 T REE T A, i Ti%2E
U b WA A )1 P SO IX AR Y R, B
SR (K EAE | 1987,1990,1992) , Jn K 4T H
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bR b A S 3 A AR TR B TAT , FATTd R [R] R
FHIXAS AT (BRI 2020a)

WFSE R, 3 LS & T AR 22 171 7 A
B (1) P R I T R4 Bl 22 B, i e
TR A BT (2) MRS BT IR 5, Mg
AR . AL A 221 1 EaR AN By
BrCanpp /R BLHT) o SR A R 2 R A R AR R
B, BN AR T8 55 A B Be, B0 4n 7 T 20
Zabargad , il a0 1 P4 iR« SCERRL” AR, AL A A
AR EE R (130Ma 2245, Ja ik dEN A7), Bl A &
PR SRR JOLTITRRE ABRRAE R
S A R, B DL 3K T 24 1T RE 2 M A S B
) F 2L, R, 3 IO A A GG 4 P it i
LB B, A7 SE AT BEJE 2443 5 BERY A7 2L B2 fif el
WY

T IR A AN TR e g, R TE R SE i 7 (R A7
TS ST R 28 I g RS
Sl sg s 2 ) 0] BE A 7E Bt A RAIE ( Nicolas
and Jackson, 1972; Ernst, 1978; Nicolas, 1984;
Ishiwatari, 1985; Bonatti and Michael, 1989; Snow
and Schmidt, 1999; Bodinier et al. , 1991; Lorand et
al. , 2000; Muntener et al., 2005; Bodinier and
Godard ,2014) , fEAAHE FE Sipsa i —Lk
Lz Ab , XGITE T ek a e e dl &, i Lo &
JE Rt T i g K HAR A w2 (RS,
2020) . PFIARTE R /R B LA VF 2 MO8 B R
SkAE B U, 40 Val Malenco , Mt Avic, Aosta L4
Lanzo .reithorn, Zermatt-Saas , Erro—Tobbio 14| B
EARFS RSSO AN A A P 2 N B
WM e i 4% A (4 Bodinier et . , 1986 ; Borghini
et al. , 2007; Piccardo and Gurnieri, 2011 ; Rampone
et al., 2008) . {HZ, Ef1S HIERNIES S AR, F
BURBE SHMEA AN X R, EANTER R T4
[ sk e AR v 8 B A A 3 LD S o, e AT b
WA S B S  H MORB 1Y 7355 LA S R 1
FRIRA o IXSEPERR U A B R R SRR T P AR
TR 15 A2 T 4R AH O 09 IR i Hi 5T ( Bodinier et al.
1986 ; Kaczmarek and Muntener,2008) .

UNPE T LW ) Zabargad 5 A HIOHS A AN
JEMELR ST, Zabargad WM S T2 (R K) HY
ZLIFAYIEITCOC , T 72 12 HE I 3A JE g 110 e A S
(RAETCSE, 2014) , % R B 1VF 2 R AR B 2 LT
I AR i acs . R (A A) —
WERIRE A £ AN A T 2 W BLER & T IR

F18 by e L3t e U A 114 22 T SRR ( Agrinier et al. |
1993; Brooker et al., 2004; Dupuy et al., 1991;
Piccardo et al. ,1993) | 24T K 5 Bk ZE MG ‘5 10
RRE (TRAEEAE,1995) o il 32 2 e YR Y M 5 RORE
(AL IR | BN Aok A Rli7e T 1 KBS
A PEl Ho 12 ( Bonatti, 1990; Dupuy et al. , 1991;
Piccardo et al. ,1988,1993) ,

A L S N ROR IR AR, %
P AR DRI 2H R, A TR R 22 FIE & AT Y B,
S R AT A AR R KT T AR
fNAA AR ORI, BEEH M I A 2 J5 1
PEARY, BAT AU HLE AR (5K EAE 1995 ,2020a;
SCEELAE,2004)

Bodinier and Godard (2014 ) X 3 LU AS = A —
NEERVER PR AT A AT T8 T 24 iR &
LRI Y A R Ai P R S A e Y
KA, 93 ALZEe Sk RIS BTR 4 5E e HAR
e HIPEAE A BB — B A A T 38 LA Y
TR (TR IS ,2020a) .

ST B SRR I S BOR D A FE
WIRET KR EZ e ss; T — 28 N Z ATk
G I LIRS A A 1 A, PRLIEG A AT REHE S 23 1 4
BEE B T R (AN A SCER 5 iR iy o T Sk
By o FERXFPE OL T, XF o [ 0 2 o 4 3 B gl 2 A
T o Anfel 3 B A SIS 0T i g 5k O 1Y BF
GEo UG T E R e A i A FRATE
A —AMFANEE], 2 F AR T e s a niEdE , SR
ARLEApU T AE 1Y e o, 38 v i gt s —NE
XA FRATTA RERHE T E 2 28 R AR Y T A, 48
e | R A R ST IR
2.3 MORSB (g

MORB T2 BTE 2 IKEH R G, KR &
GG Ek, MK T 60000 km, ¥E K1LEshE
B HLER AT KL s 75% ( Crisp, 1984) 245,
B H TR KL 3l & AR AE - T DL R L TR,
YR Z 4 MORB IR TR B GE A T 3@ H I,
MORB WL 5VE 78I U R A OC, I ik A J o
A R T A P B T O R R Y
sl P OE R R PEST PR R IR, FIOURN
o> FEG YRR AN B R O, R AN
AR TC R MR R AEAR KR AR B b 32 bl E 35 it
P B ] ( Langmuir, 2018) , MORB f47 45 %5 % vl
B B & MO A e iU X e T U TR S 2 30
~75 km(P<1.0~2.5 GPa) FJR &k A1 Bt 25 i X
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I ( Best, 2003) , MORB J& i i) 32 B 4 {4 J2 « i
I R il 5 B 55 o B g | JE K Bk
Bk &0k, JoH N-MORB, K 25 & 75 i i A% 1 4 1
T i B8 AR 43 0 Bl Y 77 ) ((Pearce et al., 1984;
Fodor and Vetter, 1984; Best, 2003; Tsybulyaev et
al., 2021) . FEHHRIE S LRZM, B L
P LR A R ZH0E MORB, HoAh My & & 5t i T
AT R XA RRIR YT 5, i MORB, JEH: N-
MORB 1R /b, — H HAbAL 35 7 5 B0 Bk 460, 2
A LA MORB,#: % N-MORB = i (#, fil fth 7 1-
I KHY Ontong Java KK A E (FRIE ) i kb
RN A, 2 Gorgona R RS A A
#5105 1 LREE A9 ( Diirkefilden et al. , 2019), It
Sh, 5 3G i B & BE 42 B9 MORB ( N-MORB, P-
MORB ., E-MORB ) t & % UL ) ( Hartmann and
Wedepohl, 1993; Weyer et al. , 2003; Brooker et
al. , 2004 ; Pelletier and Miintener, 2006; Wu Tao et
al. , 2014; Sanfilippo et al. , 2017) , Kt B HLEE
ZR A MBE A WA AR MORB £ % N-
MORB 9 ( Frei and Rosing, 2001; Polat et al.,
2011; Kerrich et al., 2007; Pearce, 2007; Wang
Zhihong et al. , 2004; Komiya et al. 2002, 2004;
Hazarika et al. , 2015) , it A& 2 10 SCHk A Bk i
ZUEHE UL, MORB JE AR g 2% e fir b A7, [H 1k, LA
MORB YE Jbai ok 4 5 st e 1) 0 1 5l e, XL i)
Z A EAA N-MORB F1 E-MORB HbBR Ak 2745 1EF
HE SO LA AR Tigskn (K, 2021a) . [H
WAMFZ S B T axX AR, PR, FRAT T A8
U S S EHEE, E e sa R it £, Hix ANl
BRATERRN . FATAREF & N Ky . HE
#| MORB B2 MEss 1.
2.4 mEREMRHEMEZ Em

IRIESCETIT, AR B8 M B, RAIRE
T 24 BB

(1) LLZE B3 | 5 1 Bl & 2 dp e o AU,
DL B W 2l i s ONARAS, TR T st a i oe iy
BB, AEIX AN BB, AF5E R 25 ] 2R s
AT AN B 22 18] G 2R DL SR 4 1 1kt i
HRIR T, LA Pearce AR AYZEHF R T —F
51 ) 51 K ( Pearce and Cann, 1973; Pearce and
Norry, 1979; Pearce et al. 1984; Wood, 1980;
Shervais, 1982) 7 3l 1 4% 5 6 A1 2 R Bk AL 27
A, XA B BERY e S0 A 20 tHE42 R 7t
A 21 TEZE Bt 550 [ R R T e i v i o SR TG

BRAL A SR 50 UG TR i T
HOR B2 Rl 52 T Hle A BT IR A SR TS
FHb IR Ak 27 T 1 0 5% e 6 25 0 4 488 L R (TR EE
2021a),

(2) A 2= MU b R A 22 00 5 18 21 /9 iR 3, 36 fif
BRER LTI GE B i, e B s
IR T AR BAE 3 D JT T < 1) Bl 52 T M Ao A 1
KRB PR E LIRS ) , 51K T 5858 T g
TR TR 0 TR 33k A [ 8T it T AT 4 18 ik 2R
Ti:52) % i 3k B 5 40 53] 181 1Y 2k %% 3 ) MORB
AL DL AR AS [F] A A8 38 PR 58, MORB AN J2: i 2 BT
A,

M Tl Ao b B — A R, AT
TERR s 2 2 EpAh 2, TRl s a BRI,
TCEEM G B A S e LY, BT BRI, &
VFZ 223 WANIRSS 7, K BR TR Fe 9 R i —
FAELIET 1 7 B X i s, JU R 28t S0 g ¢ VR
FE PR A R, XA T AR 20 20 )5 B R0
EITE , FENH T 56 [ UM H A i 4 o 10 F
G, ) dR il 23R 5 M P S Ly AR B M X
HIAF 58 JF 45 B9 ( 40 : Cowan, 1985; Wahrhaftig and
Murchey, 1987; Wakabayashi, 2015, 2021; Wakita,
2012, 2015; Kimura and Mukai, 1991; Hacker et
al. , 1993; Isozaki et al. , 1990; Elder, 2011; Song
Shuaihua et al. , 2020; Raymond, 2019 ; Zhang Ji’ en
et al., 2011a, b, 2018; #BJEILSE, 2017 ; Yang Yaqi
et al. , 2019, 2020; Kusky et al. , 2013; Zhao Lei
and He Guoqi, 2013, 2014; Wang Bo et al. , 2017;
Zheng Rongguo et al. , 2019; Zhong Yun et al.,
2017; T R4, 1985; 121 3 4%, 2018 2= 7% 11 4
2016 ;3K 7 E% 2011, 2020; 15138 ,2020; 45 W ¥ 45,
2018 ; i I =, 2021 ; 5k 4k B %5 2018, 2021a, b) .
2.5 mEFEEMRHIFHE

Pl R ey, B i e i 2 5 Rk, KLk
ARAPURTE LS K - B3R R EY , Z5d Z 4 aF
5¢, RACHYBFFE T RE W0, ] BEAS IEHA, 7] BB 2
B TR XA R B S, Bl sk it
FEBARVFZ B i i, Hoh oA D S AR R AT B
2.5.1 WEFERFAEEFARWHHR

RIS A BEIY, R FECITEIES A 1 A
AHE 28 W2 U PR R ) 2 XA HE A
2ot JUHAERIIT ST, 2 30 0 MO e A S0 2 B T
A Bl5e A, Q0B 2R B30 75 BL ) Lanzo | Finero |
Balmuccia . Baldissero , P 3t 7 5 F8 B Ronda, 175 1
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Zabargad , Z& N 3 H7 ) Horoman , H [ %) Bi] /K 4x—4¢
IR A M A Ge—b 28 e — G 1Ll —75 & A (5K
45,2020a SHFTMY 2% 30K ) . T2, Siess
PR TR ANR Ze ik AR 2 NE
ORI A b B S ULER TCBE R e S e ST I 5 — 22
% Bl IRAkR R FER 2R R S S
X7 EHEAT T A 5 R R (R 4k BL4F 2018, 2021a,
by FERA 2018 22584145 2016 5K e 5 55, 2011
IE158,2020; # W HF 45,2018 ), fibfi T e S TR A4 o F
17 7 K M RS P — ) 3 b 2R S 1A S 1 245 LA
ECI DY SOy TR PN S = S| I W £ ] 2 ) e - 1l e )
FEWNIIHTEIE A R RE A e s F 5 1] itk — R
Ao K BRI A WA SRR, AN
TSR A T KA, A EHA R ip g A IR S
A bR 2 TR 2% 1 ), 3 A 2R 2%
o

2.5.2 HERZEIEMRESPHER

PR FE TR A BB 45 RS 0 ) S 4F
Ok, BRANAL TR Sk E YU TP AR AR AT S AL RE
R ENEN, FIITE XU s a5
MU A A A M S R U RS
R R IR — A ALY, T X A =
Y, BAII R A MORB HRAF A A& ik
7 A I AR 28 A 7 24 B A Rl 2 Stk
I LA R g s 0L, WA A 2 2R
W E RIS A B LY, L RCAE WA, KA S
ZREBAEIR R, HFIRERY, BT 2 e 4t
RO, SO ATFTE IR S s B XS H b
B E e R IHUEJTE S Y 74 (5K, 2021a) .

Jian Ping et al. (2012)\Eiﬁiﬁ%(2016)xﬁﬁfﬂ§
g A Y IHRHEAT T WF5E, & B BUAR Ll A7 7E P 3
AN TR B AF I R , ST A et — W e A T Y 1
W AR, MATIA R A 5 B L e 2
AR R R TE A OCH LR H RS Sh i)

IO R(4e S SUC S A2 EhE e S QU R (it =)
I LA AR AL AR g IR A R — A ]
TR DR S Ak Ay 580 R0 R B AR AR 27
ML E | AR 18 B i) AR >4 T3 4 D 5 Bl Bk
A AR, X E AR RS B N FORE B, T B A%
M HBIFFE BAHRC &, O A B A1 JHL I ol 43 i
b BT A Z (] AE B O 2R, T M 68 1 Al 4 S A o Bl 2
b FA R AR
2.5.3 REEHARMBE

TN S A L ER A F 5T T 5 2 2 R B

B —DHE TR AR E SR T, R
Jir PRz B S P S P e S Al e 1 M DX 1Y) S AR i
Fie BRIE AN 9 07 1 45 R 1, AN B SRR R IR 1 %
(5K ,2021b, ¢) o FIGIE ARV X AR
FHTF A, 3200 A B 1) Jmy BRPE S350, Tk
Bls ik JUHSR B sk s 1 I3 g0y
AR A B RE 45 1 T AR A0 3 5% (5K E, 2021b,
¢) o A RN ER b2 N T A DR 4 1 B
BRI JT A2 R RR i R R4 B B AR, BAT
ZRAHN B H B AT S A R I s
ETCPIMUARI T o KA ST A e 13k A~ [ 8, 4
SN i€ T M ENESE I N i eI BV S B2
e (K TEAE,2020b ) , MEAE | 22 1L At w] DL B
52, HABCRIEA L il 22, H B AU 2 —
K3 ERS),

BEAR A et A 0 ) A5 2R, 2 A A
A1, AR H AT I RCR A R R ARG (MR 575, 2018,
BN 2018 ;2% £ B4, 2018 ; X R 4%, 2019 ; Han
Shuai et al. , 2020) , RECHEH K T H A AR H
HhBR AL AF B TR O R AR B VR A TR i
J&,
2.5.4 HEKYIREMEHR

HERP )y 5t g sk m AR A L, X R
FEERE AR AR S BB, Jiang Mei et al.
(2015) XF B A VAT T HiuRE S S R R b H R A
BT R R B H 22 2% ) e AR %) T J 2 4 B
FIXI A BRI R, RIS R R KR
29 4 km, HN HEIEEMRIA) 7, K ILTE 20~ 50
km VR BE Z (A1 VR 26 1R A F BH 44 LR AT fig
S AT VIR 65 km TR B A 4 B 28 TR, M
IZARBEARTE T T M S A A R , 5 HEE  AT 4
BT Y I Sh A ) R ETHA C

OB F A (2011) X 8 A L 0BG AR TS ARl B 5%
AT T VRN BT IT, R H R DR S i 4 R R
W 32 T A SRR L 05 MR e 4 5 Sl B o3 Sl o
e 45 1 2 S BRI WO A 3 BT, HE b ) B AR AR
AW N E TR IR ATE 25km, {7 7E IR K
90km HY R BHEAR (8] 6) , AR %45 (2020) ¥ Fik
BERFHAT THRAR 38T, 48 BB AR 1L A U A MR
BHUE T, HIk F g TR S g IR EIRIE
B HREE 2 45 (2020) BT T4 3 DL 2 R LX)
UL LB Bk - B B A A A AN TR, 45 1 i e
[ R P O 22— 2 5 it B Ak - R I TR
PRI R [ HER S H LI B AR s, AT
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ARG AL TR I, BORR L e nT R TR
SRS HEDN AT B A SRR LAY R T 1 IR
Hs =M T B A P BT SRR L T ) 3K R AR Y
(HBPF 245 ,2020)

PSR (2015 ) fE PR IER ERAT TR A B T 6 W1
A1 BREEAT | HAREESE 30 Z R a1y, S E Aok
H B PR, #2825 (2013) 7R 1118 DY A b

4

N W

lg [w(Ba)/w(Nb)]
u—

Ig [w(Ga)yw(Cs)]
=)

Al

IR LA STLA DY

R IHLIR e g 2 < T Ay R At A R S I AT I
RPN I HEAE T BN, & 6 Uk
W], HR G2 25 (2020 ) X BUAR LLNE 2 9 U AT £
.

0 2o S I R AT e A5 s BR ) BT R B
ST IR, B — IS B, A BRI AR
PR Z

(b)

o By nPs)

L

£l s N

43 2 1 0

ol T aee) )

Fel 3 Aegiede Ll by BR BT P (RIIR IS 45, 2019)
Fig. 3 Andesite tectonic environment discrimination map by global data (after Liu Xinyu et al. , 2019&)
Pl Hp oL S R A ) H i PR 11 22 1L KPR S8 42T LLAR T A AR ML R AR 1 (90% LA 1) WTLLAM TSR,
MORA—K ¥ 8 % 11 ; OTA—T B Tl  TAA— B 922 L 2

The thick solid line in the figure shows the roughly completely separable boundary between andesites in different tectonic environments. The thick

dashed line shows the borderline that is essentially (90% or more) separable. MORA— mid-ocean ridge andesite, OIA— oceanic island andesite,

TAA— island-arc andesite
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A IAG (a) (b)
OIG
[J MORG
= 2
& &
X B
= i~y
a g
2, o | &
= &0
o i
o
0

Ig[w(Ba)/w(Nb)]

1g[w(Nb)/w(HI)]

(c)

1g{[w(La)/10°]/[w(Na,0)/%]}

Ig[w(Ba)/w(Sc)]

23 2 =
1g[w(Nb)/w(Ba)]

Kl 4 BRI AR E RS2 3] E (Han Shuai et al. , 2020)
Fig. 4 Gabbro tectonic environment discrimination map by global data ( Han Shuai et al. , 2020)
IAG— B I s OLC— T By K s MORG— R I
IAG— island-arc gabbro, OIG— oceanic island gabbro, MORG— mid-ocean ridge gabbro

1.5 : : : : :
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2 .
(b)
1 L -
0 L =
1t _
-2 L L 1 1
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1g[w(Ga)/w(Ba)]

Bl 5 SRR IR e PR P (R 45 R T

Fig. 5 Gabbro tectonic environment discrimination map by global data (after Du Jun et al. , not published)



3 H

SRR i g LA B S keak A BT BT I

11

NW30 |

BURR AL Sy

—
8
Q- £
—
b S
o~
8 wv)
R-—o
8- -
™ —
& (=}
]~ 5
o) UG
= )
©_,
o
N~
S
©
R ~
g &
(DV
o | =
‘ =
2=
M -
L
S ©
—
! -
= g g
g
o~ 5
(=}
@D - =
4
[ee]
e d 8 _E
N~ g
=
O - g
=
0= 3
o
& £
9
<t - -~
20
e
=
™ - %ggﬁ
S gy
R E
N - m
LS
!: —
o~ i3
11 =

0
-5

STSBFBIREI
(D) Z ¥4

100
110
120

I IEARY (BB TR, 2011)

Bl6 A 5% B ARG R — AR 5 I T e - #8 R P S

Fig. 6 2-D inversion model and electrical conductivity structure of the crust and upper mantle along Xilinhot-Dongwugqi profile (Xu Xinxue et al., 2011&)

3 Zhig

(1) r ] g A 5 A
FEAEVFZ IR, G H 2R
RN S o ity NE A LN A
AR g 2 ) b R AR (4
AWML T ke sk A, MR
T EA 2 R A B,
[ 5 A T — YO LM T
B i e g S — S B
FTET AL

(2) b T ARG RSS2 g
FCEEN KR, Ok A BT
T, AR EIEE S 2Ok A
Bili 52 B b2, BEAR Ry i
B 7, PR, e S
wotdemp s S A, it
A A R R 2 1 B R
MORB(#HH XA ) oA
AU IRAETE A, A2 A
GEZNGlNE A= S =
PLHEE, PRI, S A6 A7 SR
INAH—AHLX HEA T g
RMS 5 1 MORB 3t 2 i 3
BT M R R TR
0ok, st Bl st n 2
eSS R O R (VA N i UF 73
SURREIEN

(3) 3CH Il it T g A
WFFE 0 WA K R B B« i —
AN BELL 1972 4E 1 52 %9 i
SUCHbRE, FF R T sk
WEFE R =, I I 22 R
VS SA QER (e Sof Py Ak
I Hb ER Ak 2 )T, G0 B 2
AR OHE . FH B
M 20 20 5 01 T kR R
iy, T WIS TR
iR, ZEH EmIMTE e
SR A T bR — ) ]
TR FLl 2 A R R T2
[F) AL, 248K, ik R JEHE R A
AR BRI 2= I VE R . e
SANSEE, —~RE U



12 Mo R

it

2022 4F

Ik s F e L, L, B ARG — AR 1
FAAE BRI TR AR s A, P EET
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ANMEAHET A 1k BEAh, KBRS Ek Yy 35
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Review of ophiolites in China

Discuss on a new method for the study of ophiolites

ZHANG Qi", REN Jishun” , ZHAO Lei” , JIAO Shoutao®™® , WANG Yue” , WANG Zhen®
1) Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029
2) Chinese Academy of Geological Sciences, Beijing 100037, China;
3) Development Research Center of China Geological Survey, Beijing, China, 100037,
4) Technology Innovation Center of Geological Information, MNR, Beijing, China, 100037;
5) School of Earth Sciences and Resources, China University of Geosciences ( Beijing) , Beiing,100083

Abstract; China’s ophiolite research has made many achievements, and there are many problems. The article
briefly reviews several issues in Xigaze, Sanjiang, Qinghai, North Qinling, Central Asian orogenic belts, northeast
and southern China ophiolite belts, and points out that China’ s ophiolite belts are divided too much. Considering
many that may not be ophiolite as ophiolite. What needs to be done now is to remove the falsehood and carry out a
serious clean-up of the Chinese ophiolite. The article pointed out that the mantle peridotite is undoubtedly the most
important member of the ophiolite, which comes from under the ocean crust. There is another type of mantle from
under the continental crust in the world, called orogenic peridotite. Therefore, the mantle peridotite is not unique
to ophiolite. In addition, more and more data show that MORB does not only appear in mid-ocean ridges, but also
in many other tectonic environments, such as ocean islands, island arcs, continental overflow basalts, intraplate
basalts, and Archaean ( Tholeiite and Komatiite ) , etc. Therefore, it cannot be simply considered that mantle
peridotite and MORB are exposed in a region is ophiolite. The article reviewed the two development stages of
ophiolite research: the previous stage was marked by the Penrose Conference in 1972, which opened a letter
chapter to ophiolite research. At that time, the academic circles were mainly concerned with the petrology and
geochemistry of ophiolite, as well as the rock assemblage of ophiolite. The new stage has gradually developed from
the latter part of the last century, and outstanding progress has been made recently. The author emphasizes that the
ophiolite ( more ophiolite mélange outcropped in the wild) is the ophiolite suite, which includes not only a specific
rock combination, but also deep-sea deposits and mixed accumulations. The article affirmed the many new
discoveries, new ideas and new developments in the study of ophiolite structures by Chinese and foreign academic
circles. In addition, the geophysical methods introduced by Shao Ji‘an are meaningful. Ophiolite is a complex
system with many uncertain issues. It requires the joint efforts of structural geologists, stratigraphers,
paleontologists, petrologists, geochemists, geochronologists and geophysicists.
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