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PRIl ST RS SSESY N ROR D @ Rt W E:
ML e RS ESE AR ES) i
IFVORLA (BRI | JF 2 DU SRR 22 A8
X7, BB, G A B A A4 A
L A SR s Sk YT A b= | e e = ol o
SRS K Tk A A, 0 —SE AT BE R 2 dp 4
AR (A sk T BlanE AR

T AR SN v E B A R b BT A 39 H (445 . DD20190358 . DD20221646 ) | HY [ Rk 5% 1[5t 5 Hhy 35K 490 B A 5% I 2 A P 3 A [ 5% T 52
I H (45 :81300001) R H A M & 8155 H (45 : 2018YFC1505501 ,2016YFC0600510) F1E % A AR R4 W B H (45 .

41872253) IR ,

Ye e H 3. 2021-11-11 ; 2 [ H 39 :2022-03-02 5 B 25 1 % :2022-03-20 ; 55 F- 44 : SR /E, Doi: 10. 16509/]. georeview. 2022. 03. 025
TEF WA IR, 59,1937 454 W i1, EE A A FFHIRILFAI5 ; Email: 2q1937@ 126. com, BIRMEH AL205%, 55,1935 424,
E BB B, EBNFE KA 2~ A5 ; Email ; renjishun@ cags. ac. cn,,



1062 Mo R

it

2022 4F

PR A T HiE A 5 A1 MORB X 5 2% b v st 2 i
ST o RIS A R A TS T IR A R
A Fli7e (7 ; MORB Mk b2zt BTt A B VEH R X
RAPRA M 2 R 2 s KR 2R A
H A N-MORB WJFHE (5K, 2021a) . H TRiT T
(A b FIE 52 T Y H g AR XE X 43, 1T MORB JH-4E H
PR RGP A A A PR HE LR AN
T, TEXFMEN T, 2% BRI TR & LY
T

EF NN M A 25 Tl A& FEAR ] 1Y UL Af AR
IEH o RS s ORI AR AL, AT e et
I HE B S, ISR A R R R v A e
FIa) L, YA AR R KB BT R PR AL, T RE
FAT R T LI Ay )

SCHIRZE A I S A ST TTE T ek A 5 B BT
S 3 Lt S N W o B o LT P NI | B A
) M ER A2 ) 8, g AT i 1 A
B EH AR T sk o BUS BV 28 i g L 4R
R R A R Py B AR e s i o b B L
FEH
1 Es s 2 b
1.1 HEltesgs

H W D g 2 502 v [ R A7 SR A i e 2, 2
R e 0, 182 AIA RS2 e o A0 b () 45
R HEWIgsa NUS A HG R BB AER
B ) R U U AR AR 2% S (B SRR A, K,

2015) . A AL, BEAR H w8 I 2 PR AA AR 4 i) s 2%
o B4 SEARECT K RS HOE ) (B SR ) i
g R Ss T A BRI N Rk, A
BT AR, H O s T LAy AR R P =B
(1) BB ity e 1 @5 1 LA H g I o s g
B, VB ] B X o T BB A )RR AR B
AT P b DX A R AN J2 g o (R R [ R, 2001)
PGB i AL B R s MO 5, 2 A AT
RACE LT HE &, B BN kesn 2 A —E
DX Y RN AT BE A Bl 52 T 8% F R %, IR SR 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 B SR H K 1Y (Nicolas et al. , 19815
Girardeau et al., 1985; Girardeau and Mercier,
1988) . EAEEKIE IR A 7 X I & 7E H m
s R — e Ry e ga e X iUE R Z
TORTTREA A IR X AN 5 TT, A 3 0 A R A= A2 1]
AERHE B R EEIT 1 km AOA REEE AN AT BERY
PR, H5 o 2 T BB Y, A R N5 B, IR,
H R WA A R RE AR A, 5 R A n
IRR—EATERE ., H eI XA 3% 2
JR N IRIREL A A B9 RAT-R XRIRERHE, 3%
R AKFR? WR—ATEMI R,
1.2 =THReSgE

SUTHL X SCHR R e SR IR 6 SR £ B
T % VUL R H R R
ROTINAF , AL e S B0 R e, T

85°E 90°E 765 BorE QE)E
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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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B SR N M 4 A 1Y 75 8 (KT, 2021a) 7] AR
FOREAS A IR I 03200 v] REAS BAT — > i
FEAERC S, B s s B AR A 1
AT RE F B S W IR e AR i atiR A s (£ i
A 1985) XA BUA 75 B A TR TR ARG, THVE
VLAl 0] R e 22 (B 4% = B9 Mk 1 2F 3 55 Zhai
Qingguo et al. , 2019) LRIk, B S EMERN %
BHED

B ER DT A AL T = R PO AR, AR AR Ll e
VG g i b e S b Bty A= AR e AR (181 2)
PR R AR DT LR — SR A 1 2 AR Y
PRI E R A AT RERY . 78 = B T LU A g B 7Y
X =& R A I M s A oAk, K 241
SRAVESCAAE T A e T A RS BT s
THCE T (JJRA VR KRR R S ) . =6
LLER T M RS 5 SRS BIATAT 5 i A DG HYTIE
P, AL A B R DU 5 IR 22 ME AR (IR 45 1992,
2020a) ,

SVLH X R K B IS8 BT M S
i T e aRiR A s iz AR A A 4 VDT
WRACE IR T B LR A 55 (IR 2l A4
56,1979 5K 19851992 S ik, 1993 8k 3t
1998) . PRk, # B H B BERE, =7 X T B HA
BT — i E MG UM S Ay LT 58 . YT
X i A AN R AR AR S A R E , T AT
ATTE AT I SRR S 0T i e s () R, X I, 28 5 S5k
RS LA LA
1.3 Jigwigs

I, KT R aCs W A 2 (0 T
4% ,1997 ; Konstantinovskai et al. , 2003; Bian Qiantao
et al. , 2004; Guo Anlin et al. , 2007; Li Wangye et
al. , 2007; Jia Lihui et al. , 2018; Li Dian et al. ,
2019; Yu Miao et al. , 2020; Tan Jun et al. , 2020;
TFFEER4F,2000; Li Ruibao et al. , 2021) , AFI/R 4 |
AREC FTAIPEH BT Sedb % AR iE A
LA (B A S ] — 25 B AN R BRI ) o 2B 4%
RIETHBHR N TE KR SRAL SR Rt s (TR
JE LR, 2001 ), focifs & B, ) Al e L] g 3 A 7
I L 2 Sedbgip i s 22y 1R v R AR o
TERL, FAMAE — AN IX e — SRt g a il | il
W% 5] T [ P25 T 2 % 19 0 7 ( Bodinier and
Godard, 2014; Xiong Qing et al., 2015; Zheng
Jianping et al. , 2019), X 4% M 48 J0 2 ZE {21 L
ZUe  HE R R e R TR A G B —

BERR A T REAR R R M AR s, I JE TRk L MO A
( Bodinier and Godard, 2014 ; 5Kj£%% 2020a) ,

I L A R B 2/ R KA, 5
SN TR A S S S A A — SN SOk R
EA Bl sk s A MR A ML RA H #E, BA &
TR ARG 2, AR 1 DU AR MER & 2
TN A, HA, A5 S e SR TR 2% A T BE
FEE SRR A AR AR AR e s m TR A . — B
Sk, 5 v AR VR FH AR A 0 Bk — B kA T
BEAS RIS, AR, T il TR IR b 4 FH 2 T S8 19
(1R4%%5%,2019) o A7 Bt A ARty A= AR g
FHRIRIR, AR =T X — A AT e B — 4
Rl AR g s 1 XA A BEARSLIXFE I TR | A
AT LA .

1.4 HiFS s s

HRIE A LU 57 T S AR I A Al 35 AR B B
Z 8], Noe il — BRS04, L AT dp e
SRR TCEEM) s LAy Rl AR g e A I )
R [l R R M T AR AR B AU VR R B ) T
AEZA? AR T 47 & ZHE0H5%, A
Wrsth BT R T 6F L, B 0 PR A 2R
LA 5 — b SRRV AR A et DA 2 A
G IR S ER S E R =
F0, WP R A B, Lk PR BRI AR R A
PEFIE, B T4 I, A AR AR UL (R R UK,
1963) . CHEE, RO 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, MRS SR R AL s R o R
(K — 7T (E405E% 2019) , 20 T ix N3 IR
ZR G T, oy, s Ui R 2R
— AN 17 R T A LA 1) 25 Ak )

o7 L O S R R T, ESS 2
KBV TR A EA KA T A,
AR LA A T AR g a2 (5K 55, 2020a) , BUAR
AT BERRAFTE XA T8 (PR WLR I8 ) o AR IZ XA
A K KT A A 1 R AL 2= F 5 A 41 1)
U BA BBk A2 R A A A — o B T
ol ok ST T A A CRILS FRA S ) ]
FERT LR B A VF Z R E (110 Th>Ta) . B2H,
SR RAAE 322k U5 T B 72 A A Z AR
Z£(2008,2009 ) Xif H I 3 L s £ 28— & 28 Ak 1l
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FOMETRA IS, D e AR Bk,
T2 T S A 5 R AR T IE U
1.5 demibtesrs

JeZI A FAedbih &5 54 7 G Z ), HojE a]
BEAETE— VR4 (ML 22 %% , 20045 L 4258 %, 2019)
{E AT RE BRSSP T =, AR = YT X
IS IR AP ey = S = L S S SR N =
FHRUBEFIFARE VA MBI S . 172 AAEAE PR
MFRpsS S LB 2 . WE A=A,
FERUBE AR —2 5 9K R 50 () 4 4L A (ke A & [
PR,2001) . 5K AE E P (2001 ) %8 ] FA AR 76 b s
MRS A AR e sy, (H 5K L4 (2020a) B 1E TINIR,
TASAAIARS V) b 1053 MM 7 T 5 L RO I e
o

U ZR I T REJE Tl ek A i R A AR A Z A v
FERFIp SRR A (TR o= MR, 1995 ; 7 e A1 &) (=]
P,2001) , AHERIEFERE RIS E MR E , —
AN TG R PR AT B U PR VA M O A R
P H EHE AR JL b X SR AR PR
R B AR A A R AE (T o3 T TR IEE | 1995 5 7 i
FEEPE,2001) , FEJb T8 PFH X, TR A4 25 19 BE o &=
B S R A ARE A A R A AR B L TR )
g sRiR A T A R A AL B AR IE , SR A
BN BHE B2 SRR m i BHAR o Sk B9 FH
R A SR Sk BH A Fr 8 S5 4B, MK 1 D 25 A
MFEMA (LRA B ) |, IR b2 i o A0 2

T N-MORB ( 7 5235 FK T, 1995 5 7 75 70 J&] [ IR
2001) ,

TEPPREE A R I SRR A 1 e IR 22 A 1Y
HEFPARA SRR, NE 2 F, SR
IR A YR S EE R A —RH N R
FELICEE o3 A DL SR a8 1 KA R o He ik =+ H
WX AR TR AR ME R R B, /] 2 PR HRAR
2 ARK, RZH0 0 T L TR, HR R mT W 548 h
R 7 B 0 e R s 4 e, B2 M b S R AR
FERE 4% (K 5% 38 RNk i, 1995 ok i AN JE R,
2001) ,

AEAE HLME MRS 5 [ R 2 R W e 2 1 — AN )
UEHE (R, MBS 5 2 A A T 2T, 1
MEERIR A A X ANIEYE , A 1A Mg 7 i
BeTE SEVESC Y S e IR A A — R BRI TV
B B 5 R Il R ) 5L
1.6 HEEARSESE

Hh [ g 5 RS AT A SR AU AR e g T T
DI E ARV, AN Amgdt ) a5,
TRE BRI, & nl BE R — A 1 LA
AR g% A (SR AR R [ R, 2001 5 5K, 2014 ; 5K i
45,2020a) . R, BRI AN A A1, AR )1 20 5
WA IS Y B G 2 AN, STk AE A AR
N AR — A A HTT, KA Pt
ZM A TR TR 5 TR 2 B ] R L A
(IR TEERNJE = B, 2001 5 5K ifE, 2014) AR 1] g 2k 25 5

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

[ A | gt fr B sample locations

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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WEAE T IR RATE R THE B &
Hlp LA I n i, AT XA — A\l ak s (Bh
KIFH,1988) , REH RN W, B TRAR
BE, YA R g sk 2 ok A Rlioe T A 3 LU AORE
o
1.7 FIEFMERES

FALL Z 22 7R ZRACAR B 1) g g I 9 M 3 48
KPR RAR, o6 A, N ST A 4
BT B Sk | 6 A AR T M g v o o) o — A~
A R4 A (XIKIT 56 ,2019) SRR AT RERY B8
IO 3y RS TSR UN ay ( S=i . iU =N
A L2 A (TR ATE [ P, 2001 5 Sun Mingdao et
al. , 2018) .,

2 i

2.1 EHEMEX

IR — B IR T AR 25
1 ( Dilek, 2003; Dilek and Furnes, 2011; {747,
2005 ; 3K FEEE 2012 5K L, 2014, 2021a) , ZEH LN
1, 1972 AEZ B W s BUOC T g g s 1 A AT
IR21E FH Y (Anonymous, 1972) . $E X537 (1984)
A, HAE 1927 45 Wi 22 K 2 (Steinmann ) BPFFJE T
FH s ” — i A0 R 322 i e sof AR s A Fn /b
EFERCE X ECE LR A AR IR T S TR
OB, Qs it b gt 1 R dhAs . 1955 41,
8T (Hess ) EESCKF S0 BEPE AL R RS A7 1Y
HERNIZH SR = — K", TR HEH It
AR (BRI, 1984) o 1972 4E Y2 % T oL LIRR
B2 a AR, B T g R 2 ny e =A
— R TR S s s N E A RIS
PIRBN— A BA W& LEadEGmAR
o Al B (HLIS ARG S ) S ik B
BLARLGL  H O o MRS S B
FA G A ARG DU (AkE A T BRE
RGNS T A KA .

sk A HEA CRAA NET, S Bl
MGG R AR R IR A X N A
FEASJZME— 1%, V7 22 L ) 4 35 75 57 1 A B Ak —
BB AW T LI R A&, Bl an E Ei i1l
P Borgia 55 (1992) W57, B Ja 3% K 11145 AT RESE DAk
WA R BB L, TR SRR Kl A
TN L) AR 3 AT, B )27 | I VT AR
W, A (SRZ) TRIE 0~2 km, B AT 5 3% A
SRR B4 AR ; 1 W (IRZ) ) 2~5 km, i X

S ) AR A REOIR A B A A 2, AR BT Gk gk
HAR, TR OLE L, IRZ A 854 € & 7E Maui,
Oahu Kauai 25K 1115 L, BRERHT (DRZ) B 5~ 10
ke, AR AR S R O EE ) SRR PR R AR TR AR
R A R IR I B B BE A
(Borgia et al. ,1992; FKEHIE [E PE,2001) , X4~
T2 75 G s a1y E AR EI A 8y MRIR VLG,
WA XA ETH, A A Bl T g s s, H
e EE TR BRI A R B A G R
BB — B BE R IR S 1) EOMRE A R
mnce , PRI O X R TOURR A 25 O ik
JoT A (BRI [ R, 2001)

R 7 AN 3 LI - AT X R R TR, 91
TNZET AFAE DU )1 SRR 75 3 DXL 38 ) — >3
drEr v T, AT 1) B A RO | BRI M A
A A5 (HR WS AR K s, A s s
BRI ER (R AT RE =& a0 LTS ek
e SR OIB Y RFAE (TR 4E, 1990, 1992; 5K jif
FHJE [ PR, 2001 ;3K 1 ,2014)

I VR —Aa A A TR TR I a2y
AR T ISCE A S | 36 0 24 A 45 TR FHR 22 A LA
LA, BN B —E i & L, s e
8 = — A7 2 OB U0 b S e 1 g e S X
SR, Sigscs A IR TTRRA Z AT A A TC,
MR RN B 5 R TUR SR AT TR A
(LIS MRS 2, & ] RE S i 2k (g AT AN 2
T L), 2 A S R 1Y) | L PT REAS R e Ak s
(MMM 2 ) . AN gsk a2ttt 4 2
KRl A Pl g ( BV LI )

2.2 mERE5ELEKE

Iy M e R e aeom T A /Y, T2
DL M0 MRS B LA R e s T XA ) A
WL LR 2 ( FEZERRN B 223 ) b 4 i T LR
[AI AR, anffi#E .25 ( Nicolas and Jackson, 1972) |
1 IS A ( Menzies, 1984; Lorand et al. , 2000) .
LIAR 44 75 ( Dentex, 1969 ) 11 4% 2% 75 ( Doblas
and Oyarzun, 1989) % ifi 7 X 3 Fh 28 B 5 (R F 5%
P H s IRA, BRIV ZARIERE IR T, A 3 LA
%+ (orogenic peridotite) " B K 244 # iz, &
A B AR s, BRI LE 7 (R AT
TRV ST R 22 I g R WS
g 2 8] AT BE A 7R o P A R AIE (SRS
2020a) , EHFAE VL IX B EEAT L A It iX Fh 2
RIRYMIOE A, 2 T Rloe T B9, B T2 Y e MR
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ETEN VY SCHH DA 2 2 8 B PR H Ry S
(TR, 1987,1990,1992) , Ji7 ke % T EIPR I & 1L
MM E” XA AR B TAT, AT ] R AT A
(5K IEAF,2020a)

WFSE R, 3 LS & T AR 22 171 7 A
BB« (D i Ao ol v T2 B 2845 il 28 057 B, Bl o2
F18) by R AOASE 50 A 5 ) JR AR S 5% T 55, b A
EPCET AL I A 2T T IR P B B
(anBaT /R BT ) o AR b e R 2 ) A AR S B
JE, 8 A AF TR 56 A B Be, B i e T AL Y
Zabargad , il a0 1 P4 iR« SCERRL” AR, AL A A
SR A (130 Ma Zi 7, SR SKAEN A1) LA &
PR SRR OIS ABRAE R
S A R, B DL 3K T 24 1T RE 2 ML A A B
M EZHLH RO, & O S O A Se e 4 s i
LB B, A7 SEHT BEJE 2443 5 BEAY A7 2L B fil el
WY

T IR A AN TR e g, R TE R SE i 7 (R A7
TS ST R 22 I g R
sk a2z 8] 7] GEAE AE K A i 3 A9 FF1E ( 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) , fEA MG FE Sipsa i —Lk
Lz Ak, XGITE T ek a e e dla i Lo &
JE i T 1 g K HAR A w2 (TR,
2020b) . IANTER R BT LA VF 22 MG A D R R
SkAE B I, 40 Val Malenco , Mt Avic, Aosta 14
Lanzo .reithorn, Zermatt-Saas , Erro—Tobbio 14| B
AR ANAD A O AN A 5 P 2 N |
RIS A 2 e &% 7 ( Bodinier et al. , 1986 ; Borghini
et al. , 2007; Rampone et al. , 2008; Piccardo and
Gurnieri, 2011) . {H2& , EAT5 HIEM gL S A,
FEREZ SHNUA A N X R, BRI T
22 3 ack v R R e s 722 B A P B LR 5, AT
HRA I ORI B MORB. A e Ji LA R
PRI . X SCBERR A R SRS T v
BRUEES AL I 4R AH 5C I IR G i 7E ( Bodinier et al. |
1986 ; Kaczmarek and Muntener,2008) .

UNPE T4 ) Zabargad 5 B HIOHS A AN
JEMEERE, Zabargad WA P T AL (R ) ,HS
ZLIFAYIEILTC G, T 2 12 A I 3A JE 1l 110 e A S
(RAETCAE, 2014) , 1% a R B 1VF 2 R AR B 2 LT

IS A AR e sk s . RIS A (TN AA) =
WA, AINA R Z I RR & TIRE
F1%) 1L % 1 1t 578 4K 1) 2 B 38 AR S5 4F ( Dupuy et al.
1991; Agrinier et al. , 1993; Piccardo et al. , 1993;
Brooker et al. ,2004) , 284l F 58k ZE MY & 10
FRIE CIRIESE,1995) o A 32202 5E IR A0 b 5 RORE
Fr CMEAELLHE DU |, Bk Rk A Bi5e T /9 K
A1 B H 18 ( Piccardo et al. , 1988, 1993 ; Bonatii,
1990; Dupuy et al. ,1991)

o B AT LS, A BBk AR, 2
FH A INRIOE 7 2 8, A TN R 22 AR &, A B
IR AT A AR AR AR
FAINAAA TR M, BRI, BER A TN A A2 5
PEARY, BA 52 AR AE (5K, 1995,2020a
CEEELAF,2004)

Bodinier il Godard ( 2014 ) X 1 L AH 5 A — 4
ZERTERIEIR AT A A T 3 T 2 B ra AR i i
MRS i 2k A A T ZE XA b AT T e [ A R
B, e LI SRR RAZ BAUR 4 5 e R AR i
YEHIFEA: B BE Bk — RS I T 3 LU o 3
W (K4 2020a) .

PSSR Sl = R e L B = N NE |2
WK T RINE Z st T —2 N ZHi it
SR LA A AN 1 i, R, o T BB S 1 LR
MEA Y B T e S (AN SO 45 iR i #7152
i) o FERXFE LT, XF e S %) T A
G T e B IO B X e S Ak O ) A
980 NI X E R GE i e s FRATTE L —
AP, L TR T i e, SR
ABLLRUZ M AR Ry g g, b h B i gt s — s H .
R, FRATA BEFHE T E C 28 R A i, 12
e T K A s A A TR B
2.3 MORB g

MORB FZ I 2IKTEH RL, 2KFER R
SILERBR, B ML 60000 km, A KL B2
B HLER AT KL s 75% ( Crisp, 1984) 245,
H R TR A3 K L i 3l & A e T DL R LT,
%R 240 MORB R TR HE Bt E K 1.l H I,
MORB i B2 5P 528 it B ¢, IR 06 5 98 il oy
TS N IR R A AR A e T B e AR R Y
SR TP SRS R R IR, TR
o3 EEGY IR A0S 15 B A G R BEAN
FHAS R TC R M A R AEAR K AR L 32 M AR 34 o1
P ] ( Langmuir, 2018) , MORB f4I 45 %5 5 v]
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B B & MO A e iU X e, T U TR S 2 30
~75 km(P<1.0~2.5 GPa) HYZR &k A1 Bt 25 i X
I ( Best, 2003) , MORB J& i i 32 B 4 14 J2 « i
I R IR s il 5 PR 55 5 g | JE K =k
Bk &0k, JoH N-MORB, K 25 & 75 i i A% 1 4 1
T i R 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 i & 5t i T
AT R XA RRIR YT 5, i MORB, JEH: N-
MORB 1R /b, — H HAWAL 35 7 5 B0 Bk 4500, 2
A LA MORB,#: % N-MORB =i, it 7 1
I KHY Ontong Java KK A E (R ) i kb
RN EE, L2 Gorgona R A A
#5105 1 LREE A9 ( Diirkefilden et al. , 2019), It
Sh, 5 3 i BHE & B 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 19 ( Frei and Rosing, 2001; Komiya et al. ,
2002, 2004; Wang Zhihong et al. , 2004 ; Kerrich et
al. , 2007; Pearce, 2007; Polat et al., 2011;
Hazarika et al. , 2015) , it A& 2 10 SCHk A ok
ZAUEPE UL, MORB J AR g 2% e fir b A7, [H 1k, LA
MORB YE A >k S 5t e 1) 0 1 5l e, XLy i)
Z A EAA N-MORB F1 E-MORB HbBR Ak 2245 1E
HE SO LA AR Tigska (K, 2021a) . [H
WAMFZ SIS B T ax AN ), PR, FRAT T A8
U S S EHEE, E e s s R it £, Hix Al
BRATERRN . AT REF & Ny . HE
#| MORB B2 MEss 1.
2.4 WEREMRHEMEZ Em

IRIESCEITIT, AR T B8 M, KAIRE
T 24 BB

(1) LLZE B I | 5 1 Bl & 2 dp e o AU,
DL B W 2l i s ONARAS, TR T iesk a i oe iy
BB, AEIX AN BB, AF5E R 25 ] 2R s
AT AN B 22 18] G 2R DL SR g 4 1 1ty i
HEMIRTT, DL Pearce MR FH MM —F
51 ) 51 K ( Pearce and Cann, 1973; Pearce and
Norry, 1979; Pearce et al. 1984; Wood, 1980;
Shervais, 1982) 7l 2l 1 i 4% 5 4 A1 2 R Bk AL 27

A o XA B Bt w7 20 tEZe R
A 21 4R Bt ) 1 A 2 80T e i o AR T b
BRAL A S OG0 UG TR i T
HOR B2 Rl 52 T H e A BT TR A SR a7
FHb IR Ak 27 T 2 0 5% e 4 25 0 4 488 DL B (TR EE
2021a),

(2) A 2= ML R A 22 0F 5 18 21 /9 iR 3, 38 fif
BRER T GE BT ik, e B s
IR T AR BAE 3 A J7 T (DREFE T MW A A 1)
KRB PRBE LIRS ) , 51K T 5358 T g
RS S TR G 8 TR, X A ) i i Y58 A - 1) e
Ti ik s Qi ) 1 PR 551 141 B 2R %8 ; MORB 7]
DL BRAEAN [] 1 ) 38 PR 455, MORB A~ 2 i 4t o JUr il
EERi

H Tl s m A i b B I R R, AT
TERR PR 2 2 Ah 2, fElRs a BRI,
TCEEM G B S e LY, BT BRI, &
VFZ 223 WANIRSS 7, K BR TR Fe 9 R i —
ARSI Y 5 e o g 2t o DI R 28 1 9 1Y) g R
FE WA R, XA T AR 20 20 )5 510
EITE , FENH T 56 [ UM H A i 4 o 10 F
G, D dR il 3R 5 M P I Ly AR B Ml X
HBF 58 IF 4R 19 ( Cowan, 1985; T % 3 %5, 1985;
Wabhrhaftig and Murchey, 1987 ; Isozaki et al. , 1990
Kimura and Mukai, 1991; Hacker et al., 1993;
Elder, 2011; Zhang Ji’ en et al. , 2011a, b, 20185k
45,2011, 2020; Wakita, 2012, 2015; Kusky et
al. , 2013; Zhao Lei and He Guoqi, 2013, 2014;
Wakabayashi, 2015, 2021 ;2% 541 4% 2016, #RJE it
%%,2017; Wang Bo et al. , 2017; Zhong Yun et al. ,
2017 ; # W H 55 2018 ; 5K 4k 45 2018, 2021a, b;F
B4, 2018, 2020; Zheng Rongguo et al., 2019;
Raymond, 2019;Yang Yaqi et al. , 2019, 2020; Song
Shuaihua et al. , 2020; 7 MG —,2021)

2.5 mEFEEMRHIFTHE

Pl R ey, B i e i 2 5 Rk, KLk
RN LS K B3R R EY , &5 Z 4 1 i
58, FACRYBFFERT RE I, Al BEAS IE B, 7] BB 2
B TR XA R B S, Bl sk it
FEBARVFZ B i i, Hoh oA D 2 AR W T B
2.5.1 mFEFREHEBEMRHIHRE

AR s A b oT , RE EE T s s 1A
AUE 2B W2 U PR R ) 2 XA HE
Zead JUHAERIIT ST, 2 30 b 0 MO e A S0 2 L T
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A b5 A, QB 2R B30 PE BL Y Lanzo | Finero |
Balmuccia . Baldissero , P4 Tt 7 55 %K # Ronda , £ 74 f)
Zabargad , Z& N 3 $7 1) Horoman , H [ 1% Bi] /K 4 —4¢
IR 2 A Ge—db Z8 W — I 1l —25 & 25 (5K
55,2020a SH TR 228 3CHK) . T2, Siess
FAFERERIEF TR AR A A o & WAS S AE
TSR R b ST AP WL TC B R e e A A AR 1 4 — 22
%o IRl SRR B EIER 2 ORAL RN BK v A AETE
RXT7HIHEAT TAT £ PR R (3K (545, 2011 5 2258 4L
4 2016, K4k B4 2018, 2021a, b; IF18%5 2018,
2020; #3555 ,2018) i Txf g SRR A% A i AT 18
R A R P — ) T K5 20 3L BT, 2 07 24 LA 1Y
W5, R BN A B AMIF SR B % N
Prif o, A ml RE AT i 2 A WIS IR W 0 — Kb, X
BRI R AR WL — E BT SRUER A A
SRACEY KA, A EEA RIS a R A A A
M JZEAR 2 R AR A Ly A AR SRR A
2.5.2 FREHERRdEGEHHER

PR R FEOCH AR BRI 45 RS 0 1) S 45
TEREE, RN TR S S R TR AR R R SR L R AR
P R EMEN, FlanfEXOg s a o, 5
HuEARORE A AE A HEC E  R U R RS
R R AR RA— AR, TR REH SR =
SR, UL FEAEEA MORB F#AF AU #E R A A& ik
P AR 22 AT, 2 B AN [E Y £ L, 2R
I LA R gs 10T, WHERCE A 2 IR
MR E R A I, KIRCGAE WA, KA S
ZRAEBAEIR R, DR, BATERA 2 4%
TG SO AR RE SR W 2 5 b g
B E e A R J T Sl 74 (3K, 2021a) .

Jian Ping 55 (2012) # I 4 (2016) Xt BAR (g
SR M IHARHES T T BIFSY, R BB AR LU A 7 S AN T
AR IR | A A e T — R DR 2 T 1Y S 2
RERER, MATA Sy, PR 5 PR L e 4 A A
K, JE R R LS A I TR SR =4

IO R (42 Sep UMC S A2 EhE S QU R (it > 2)
I BRI AL AR e TR BT & — e
TR TURR T B SR AL A 38 R0 KA B AR AR D
IMUARAAE , TR 1R A [ A 25 3 4 AT 5 Bl B
e AR X AR IR LA G P 2Ok E & A L
M FBIFFE BAHRC &, O B S A B A1 R il 43 T s
b ST A 2 (] AR B G R, T ff 68 2 Bl 4 S A o b 2
B AR AR

2.5.3 KREUBWMRIHE

TERE LR A M BR AL 2 o e 0 B 22 AR S
B — D AR A E SR T, R
Jir PR g B S P S P e R e 1 ML DX 1Y) Jeg R AR
Fie BRIE A 07 0 45 R 1, AN B PR R IR 1
(5K ,2021b, ¢) . FIGIELREULEA X AR
FHTF A, 3200 A B 1) Jmy BRAPE S 3500, TR
BAE Ik JUHSR B w2 1 I3 g0k iy
AR AR B RE 4% I T AR A0 3 5% (5K E, 2021b,
¢) o A RN ER b2 I T A D 4 1 B
BRI JT A2 R RR i R R4 B B AR, BAT
ZRAFIN I F B AT S R RCA R I s
ETCBIMUARI T, KA ST e 13k A~ ), 4
SN i€ T M ENESE I N i eI BV S B2
B (K TEAE,2020b ) , MEAE | 22 1L At ] DL B
52, HADNBCR A L L il 22, H B AU 2 —
(K3 ERS),

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

HERP By 5t g sk m AR A L, X R
FIERE ARSI AR S B, Jiang Mei 45 (2015)
XF B AP HEAT T b R S S R K b F R A R IR
o R B A B A PR 22 A% ) T R ) D 2 A 2 3 XD T
BralmammE h, BB aRRRKEY 4
kem , HFWEIEE AR B ) e, ZBLAE 20 ~ 50 km
TR BE Z 845 VT 22 W0 1A L BE 3R 44, R AT B 4
T FE G JBCAT YT RFHT 65 km TR B Ak B B4 78 1, HE I 1%
FRBEARDE T T Huse i o ia al A, SHES s Am4E &
GRS R T 105 S A e ) B T

OB F A (2011) X B8 A L RS AR TS ARl P 5%
AT T VRN BT IT, R H R DR S i 5 R R
W, 32 T A SRR L 05 MR R 4 5 Sl S a3 Sl o
45 1 2 S B R WO A 36 BT, HE b i B AR R
WG TN B TR EIRALE 25 km, AETETRIE 90
km B RHPUA (B 6) BT 4245 (2020) X iR %
BEHAT THRAR AT 48 AR LA YO AR, &
BUEEHSE , EAA T g = )2 SR iR IR IR IE AR
[, BRGFEEEE (2020) [H1JEL T 4 B DLk 24 AR A XT3
R LI Bk — B A A7 AE AN [T, 4 A e )
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Fig. 3 Andesite tectonic environment discrimination map by global data (after Liu Xinyu et al. , 2019&)
J&] PRS2 2R AN [ R 36t B 14 22 1L KR 5 42 ] DLAM T I S s MU s ZE AR 1(90% LA ) 7T LLAM R £k
MORA—RKHEFHH 2 111 OTA— I ZE 1L TAA—E IRl s

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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T 2 A P T 24 R 2 b T it 3 3k v e 1 (BB %
A 2020)

WA (2015) FEBAR L 4%k v B T 42 NI

P g,

1 BREEAT | AR 30 ZRPtie s 1y, HEm e A1k
A R ER . B4 245 (2013) 78 16 VH i 45

Sz BB i g T 4 N A B8 A R0 B R T
PEENTA TR LI A M A =, 1B 6 TR,
ARG 2245 (2020) X BUR g S A BUZ 5 Y

I S A AF 5 P AT A 4 L BR A B R R
SN, e — TS AT, T B R AR
PERTRZ

3 4
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Fig. 4 Gabbro tectonic environment discrimination map by global data (from Han Shuai et al. , 2020)
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IAG— island-are gabbro, OIG— oceanic island gabbro, MORG— mid-ocean ridge gabbro
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Fig. 5 Gabbro tectonic environment discrimination map by global data (after Du Jun et al. , not published)
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Review of ophiolites in China

Discuss on a new method for the study of ophiolites
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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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