Geol. Mag. 154 (3), 2017, pp. 419-440. s Cambridge University Press 2016 419
d +0.101>2001656816000042

Ageas g ge wra QYo e lvakg a Qb (o v g e g
carlaa) W ggr we a Azq?rﬂ gq"*}c'ct(%‘r‘?)

“.;L*at‘q 3§ Weaskectg Dli seas  Ubd - 2gar teiiag ©
XaN_a . §rp §uaNg N tiTgAﬁ 2eU o F UNCRN Ry
e R ‘

becicA udd Yo Sy sen3e 10003 &
i‘u*g':ut.*ut: \?c' g‘)/(::d4 ?!cz ‘L’oc‘!\% £210016, Pea

? olatd’ @t we g tczAu Ya *cﬂl@@““ Yy , 36849-5305, U %A,

(Received 18A Vgt 2015 _accepted § ag Un¥2016_ first published online lgA'gli"‘2016)

Ab¥t17.ac ch'cgl ila ew ucnal‘q 1,544 ageta ¢ g vbal 4 dal 1 theg gucle

cm e Lhav pﬁ' {cul & agd utba?tcrﬂ Voo e aig Ay g3

'3 F( A ‘3 ) v&#‘ &?a‘ dq:a‘a.d l}'canﬂct‘q ol ecss Wb caslom Y Y gear lairag €. Te

Nei agc dataicve Wat tbe o Uates  the Zdadg a glJ' ¥ tﬁ%w §%d at ~485 Ay vub

tch ag **uquq (5 cu‘bltq at ~400 M. Tely, b TR isq“q Cgafeq to al aqy e
ol

J‘a* a LR oyt 0¥ e semla lag hvc o ‘pla o G -11’31 'RIPR]
t 1& gc ¢z (R T‘R? -gle by Jer. '«* {c%tbcﬂ é b*pl%xq xd
. atcz %1*.11 ﬂ'c

il*c ‘%" g (1) (13 20) ag g a'tcéi f (+53%0)V uci
pater wiug god 09 Ylig O 2y aldci,¥cd (R ad clqﬂ ajcd ‘boc
‘.t'pl,* () B KPR QPRSI Hmttlr? uPcJa i,a area Wcﬂcdcu q w ‘;)lah'li
‘w;tg'g at a.rlcwqgea c‘anl alyg agal. tfugua‘d/ 2 d Ity -rfatq Ugt Theqata
diesq leg .‘1}' -. Vt gctbq:vx lucV t ﬂfattbc A'*ll ugad
Vﬁ- plb ¥ vae ‘_R‘g -tile, wi g §I thtt*cucwq:ca; st ¥ - eeag §¢gcH
d VS old wv L o;% vy wcu‘ﬂ'd BET scu a WO cip I AULC, wifa- seu ¢
I‘duolv gl e Wa e glia- scag gais,a d Wa f?cwad 'plb' asweteg t
A aglia- scag *auﬂct‘iau%wqgc,g ﬁ;atcﬂ glage, tbe Z/huﬁk A*ﬂ 'l 'gHr Lasweleg t
t}cauuct‘q aﬂ%wqgca, 4 gthey Ybayy aiZug ch,uw eigcq Lh‘g ﬂrcn"a!l e
0lv Zae i g gl 3 Y,

w YW gy Zhak (o d*,.{c lﬁ-mﬁ -Ygle,asuetg oli scas, @ quq @ g Q?;t( A '3)
Y W gear tenrag e .

1. Igtﬂ (z:c Tt y ¥ gl W ag Ggles, $9 - scan 1¢2c Yile
r.as \? ag ey d § mﬁ; Gicgd oF v G la, a;: ?;ﬁ-ﬂ:‘f: 1%: ‘gc;j:_ﬂgc;jic ;;t 'glf
“*Jg“ whgagriic act g @ ,%,{w We SELgqoe He tby (on o UC

ile ag o auﬁ'ct aryetyile @ ga la u,
cg Q‘ et al. 2008 T tha' &Y gate, 200,'; .1‘{1.1"“19;1‘; 19;510 24 a“' eud

i gZcaY
apbla et al. 2012, %q t a® et al. 2012, 2013_ sam. N AL
Veral 2013), o a tagqdl tu Lo W aty g Uplar- Vi u”?f“ ‘9“’xv¥° ?W“i‘;“‘:;lf% !
PR IR PR e scag §f e, e e o.tg‘qt :ff‘q c e ¥ ("8I3
ply Jt aigest m cﬂ 3 gaswetgaryo i ga « hl'c
Gaa 1 1 ”‘Q"u"lﬂ soa a g e leely ¢ ey w;d (%4 b, &‘3 U e L1997 2k, WU
gl g8 an dea 20007 el g P, ,200(;\)/ oot al. 2002 Xq, ot al. 2004,
a)?ran b ek ’ﬂ"“u ca 4 ° ¢ 200%) € - 1a). "’gc agcz Grczc *;)1& 9 fag gc
\’:’ ’1}% 1"““‘ t.p“c:.‘ Rlg ‘%F’t ;Q"*{;ﬂ’q‘\?’ i v \ady t “% 3 } 0§ gy,
o ¥ - P %o hl'cA?(A etalZOO
yat 1989{ 1993fa ¥eetal 20009 v)‘ ke Sary 5012“ Qs ] 'iggu'\:tzb
& wep, 2003 aw g ef al 2009 @ cag se, 201 )
a fesq L 990 theg &Y Yy ea (2011) gass 4 C Wov st Ql i “C.t" we ‘A'I‘ AV~
f' }"‘ $ V\d pilly ‘;)H’ &cahﬂ ea ql‘.q vey tlrcplastd 26
q*pl'v{cig‘t :Vna‘;ﬂg: Yia ountqymaﬂ- ;gm d*g’? tﬂrtiﬂub e
Sug ¥ ¢ s 4SS ¢ We, slilia-ag g oty ae )nbfa o an a aandfzucﬂt ‘9111' £
(822, Vr"‘" s ad anﬂct‘caﬂ% 168§ "‘Qﬁ (A lsﬁAdm g et al. 2003) ¥ etal
p¥p Y 318 P il anse 20144 34 2003>“i ctal 2oo9a)(g ). To Vb aq Yty -
qzhwc‘ ca il gd U g thege b ¥, e e-
WU g fe el aga oc mb‘b* .‘19689g1 ?',‘cﬂ h"fdﬂ . add ’%1‘1 1, g¢ ‘*ﬂﬂ' pge wal "»W%


http://dx.doi.org/10.1017/S0016756816000042
mailto:zchuanlin1968@gmail.com

| a) ) SSibfrln Craton \| ‘

I ﬁ//\ﬁ/ |

wt“ ;
|| “’"_L, In B Oragenie ‘_‘
I mm ] ff“'/
{ NS )
‘ ’/
=
i,‘ P
jl ;/
7
y ~ -
’ RO
- l A, i -
P L .
. Pe AL Y
N ’
I

s g o
~ I e
] N
N
. -
X,
1as
‘/"_r.—
intrusions
]
.

salcanic rocks

| M | Silurian volcanics!
LU pyraclastics

t ] Proterozaic?-Ordovician schis

I |Dp onian granitc
|

. | Uitramafic-mafic

| - -
! : o
] S ambrian metasediments [\J Kuerti bimodal
! -voleanics -

Mational bordel

r‘gl}:c 1. @) Soba aty 2%
caste ) Y gear ag ik 0
a leg Wag g et al. 2009).

*19:91 e @
< i ga v vu'gﬂfcd.“r,"ut‘q

ad le.t-g’ " ol ﬂla]lt‘q oly seszes age
la va 7 ,wepel ftge d
mﬂat‘a 2 plgh' gﬂa?lﬁ'%:]gcuaa d 8¢ wa ‘W-‘J ch
’Zh a Qll" c‘ a Weq i’l"Cﬁ]‘i ALag

ggan lcn'i'an c-' umt (1} etley '} o Hataa ¢ e

augct‘. « o o Weeasiag) Y gear
(ias 3 4 (2) dOSRP Pe ggs Tl Tal U sous
dyosc-tylen Lo gga wglb,ﬂ KE y o ge.

Iha g;,ﬂ b}’ Tva Ihhl
b o) B AT Y
The Znabg a Y_)lb, y o¥ J & iglicsq weq [ib-
weglay gesl v a ,‘fn ad h‘*_)llf, ¥
§Ft w v Qd.‘t‘“ulq ‘ e 3 Uy v AN
e lilg*sut‘bc 24 € ﬁa decot‘d Q‘“g:i,
2) Thet age i L 1la lgde, ¢ yate
aadci“avaaﬂdﬂ .‘ﬂtu ad .atc
“Jrc W Yate Wes Bp ¥ HdY iplew atlyg
1 ,ad c:ﬁiazﬂ P ﬂd%czd.gt““tq
a gev st Plgicgs wsathiew cies. The
o Uatc W dcd sala tag e Ve o*”'cdﬂ aiZug
bay ca g aciVeg ¢ )1 gd g o9alyd ga -
lyd aj, cast 15 o 'uatc it Laagg gHoce. The 3cy-
plq gy W ols U g e g Ubwentag g § 30 UetY-
»9@ o Gl gt lir$ waY o a ey eV
Ay 1§ doiy aq')ﬂq aryosonty e (.2, zcc
- WigSdCawgly 4). ~vad agg lagges 1
% "q g a;%,"cn lﬁ“»%ﬂl? “ q.c geq
& Peaapla 1*‘: L}%t&cn gtw eq wepe
wutt‘bkw ¥ g‘.l 1|'rc 1ol ligye: TPe sapla leg-

G Aiyg o 2a PGl A3 )LL) eady gu gy sgval  we
plﬂr'*cu'u:tcr.f

oo G0

PagCIC
‘ig&md; e g rtttheiace g

ool gen > %0 % s tcww i 10 ag el
ud Dy €G3 .0 Yy ety %u‘h
e Sgalfes e ncﬂ;)lq 15‘ca¢d {l]; %ﬂﬂ
190 lag @ g i vang gefc(cg A'ang
etal. 2013) iy *t p'c 1 !1# oY « @ ewai o
19Ved ﬂrg‘-zcot‘d 1. (e 0¥ a g Yoo Jli geu
j.ag age (40 2 %)ag ¢ oY wa ¢ (30 50%)as
ard o f PP OY e c(5 10%) a4 o uai‘d
e €& 34). A sseag [Yod Were 7
y ‘¥tl udgAqo . Twege o4 u':tcs W wav an*c‘
Iiﬂ st'hcan g ancy o ) Fagcd | ¢ afIc Fawcd
Mag Jaatde ™atg 1 #e l}q}n};
1@31‘, , W e e sl /) LI ${@ Ly
ﬂag asc ag g sl a tﬁ@t‘d Y wa © g 30V-
I 1. u?'i,ay ¢ W doIG Yy W -
‘@ ‘aﬂ?ac!uq sewap Yq** cd w5l Hr wep t
A T fag gd. qhel waty (W) g
qu'i;ai watg (V)agq the Dol ev g 3
Y g ggemyy w at‘¢ 7)) (Mg efal 2006). T we
i st Wey ov ¢ g so8ly serage R
aat* 1§ @ QrYoaiian & a'ut o astwy
Jc) Vi tal. Toe T vwas g ¢t &t WHce
-« GG Cﬂlau ﬂdo‘.gt lJ’CQ.ﬂ 4 ags t‘.tv 1, W*,‘)
gﬁ ye tY ad Yy v wtrast*ﬂ diaggq
ean-‘gnndﬂt- ci g 2{, wee o Cﬂ,

as falg asey %q
a.dce{;ia’ml wag o degvey, o ltﬂ 1?

t catlhes a'semw Yt nk*agt*udmr
e

,ava i‘.lf’CTl"d ea nes G ‘qaiaﬂ o o

eaYe se platy -
lvlfﬂ,(‘k,ﬂ*c‘;i’* 1993) W tbecy cV.]@



Age and geochemistry of the Zhaheba ophiolite

l:l volcaniclastic rocks
basalt and basaltic andesite
volcaniclastic rocks

7

greywacke and
volcaniclastic rocks

volcaniclastic rocks,

ntf-hezrinngandatnope.

shicainlha¥actokis

[III]HI]] tuff and crystal tuff
- serpentine
% diorite porphyrite/gabbro

basalts and basaltic andesite

421

rﬁ% Y yg‘c)F*d'pl} t graplbs ag g9 @ 30Dl QUP ( gaplbs g gaate o s g9 e )abfa '31} ¥ @)

Uate "w dcd 1la g W U ol gt Ly ‘, ,8) The sapla lage o9 oli geu > 9% % sala lagCau ¥ w00 ag etie
aq lpli; @) A*C%‘u 3 a*%vﬂ agvalc;a"pl%aﬂ caudy ok [P U¥vac o ;a“pl%*A@ C.M
« ag ct{q‘.épls oY @ cﬂ} gagvaag% ()15;,3}91 1la tege.



422

TR | ulV W § 100G @ WiYoata @ ane g~
G ";[:y Yled @ iJr \ soﬂ'.‘t ge tes tYe.

3. Al.,a?t?ca]jvc!zﬂ'i
3a. Zfcka U—Pb! T a..{ H/rOY?vv “daad VP
Lgraa wae Icglaiatcd\l a 1 mglc
(2013A7 701, 46°32 51°'Y, 892 497D 294 a Y
€ (201301 702,46°33 2°N. 892 36 B+ eo-
leg &9 wct“'a%.‘w; wae o o e W .
AQoa icglaﬂat‘q waid -aﬂi'g W uu‘gon\q lv;
Yagiclgad 4@ IyYolcok quﬂ Lt ga'ag'l weae
Wa bag g 0l cd li]dcﬂa‘ A g aeple. L
Daaglan d 340 0 HC Aa ccw. daiga weaied Y teg o
ol +yon Y e, vu"*i‘ wae W ;;1' .‘ﬂ'q L T
e wYup 3 g Yagdy, 340 adwacy N q ey
W liag W {odaa IS coleg, GPM gmplhazw&
ag Qb dy i‘.Cth o ( )‘agcu 1 ucx?, ﬁrert
.‘tcﬁ]; wuot‘bcz L o agesang ¥ *l‘p oy -
o 1y lwcucana,%q Uu‘gﬂ‘;alcﬂ Ust-
Yoo L}lq aw av agaglesd ctg(l'l‘w, N@)
v et galwe Ty gon It§Me \F g?mdill'
Reg Yoes, bgercv ¢y "‘L’Vc%nbc dgg"q
upYigg vl oq‘}:cz JfaV Ca o N aleg a
et al. (2011).§ t*;:lc: WENE ad .‘ﬂfcm e
ol tas Yeg cU }Agca‘ahuq sy
wagglar W e T uetal
2010)2 dy, 3 9 1(r 2003) *bcwcgbte.pa
agesajeadl leg athbc 95% ‘i Ya 5
U"l' ageqata an gy 3! 1c w!‘;)l ’W Taig .gtq
*g‘cu‘*b};u q‘an’% eSlag g
o G aryo Moy e "2, Qlcotv%aw"
i'cathpl // %;z.m i ¢gc. ng/ge . ‘
gy mygq *"élcz waied anlheq Ygg we
« ca, l4!1280" atieg aigte Vo, Vg
\‘Gc‘;ﬂk%*z J'*cacA Qg t}/
{*a;%g ol eeg Yes "o

/Q,t.]

Se g oe i3 C el
Pt ot ae el ey

§ YoT et al.(2010a). Miaslbey o/ atgt were
s w;‘q Yo uegZ Vigaa St daig M‘an sCag
Vater o3 o a4 8 (VERLW, B /10 = 0.0020052),

ad Pa e utirc wll:q ¥ am sty -
al‘ aoti’(u?)uﬂ gm a;a Agilaﬂaﬂcm—

& ¢ 3ty gaig Wﬂa '8 5.31%0 (I et al.
2010b). Tad cag g tl'c gbu7§0¢ I‘a d-
aid d-‘h,g e o Yae 9“9“*‘ a weghly
ey B 544+021%o(2a) WP § b u Iy
@ LW {Pug O 18w Peigl vied Y 5.4+0.2%o0
(F et al 3%13) g iwAY a ¢ t*gl*ig‘a ang $led
o G aryo- tq' ige € 83aV catl
ﬁply//*‘h;%m 0 ¢gc. ng/ge .b 14 4

3.b. M;,“jza'ia,a}s;

L eyl 3 1 wae delal ¢Cd o | d
1:"::2%‘4 1 'uﬂ:g‘dan allv ateg) i 39%6 ‘}co—
e v Jolig e cguq.pled w? "‘;c vavg a g
plesgy claggat wew %y gab U o lt*utc Ve wa -
0 bygere A aga $o uoq seq. ‘:glen'atg'g ‘-
dy 1 waie 15kc\’au;q'al~gw ageangd 1544

X7 Aea Ny

eaw YGrat w20 3 s Y g8 t§ ¢ Reliesq t-
al*c*ﬂ M‘g da‘a aﬂ @q N 4 & WAV
'j,w Ql‘a[? o g It 43414 'SaVWCat

el // ‘h;z ol u* e. i'g/gc )

v ore

3.c. Wh-]‘-ﬂ,'cﬂd,'a,] 3?}

Wlbrc-ﬂ Loaji-ag Hasepga al svpl sy
wcﬂcu;%qat cw Uy g ‘T,., i{te Ve v -
09 Pgeach aga Yo 'o,@ sca. Mt%ia G la
Wcﬂcu;%q Wgza R /8 4100e A ' W-

W2 Weang Yoy Oli ecglhica d Ay ¢! al.
(2004).}‘.11%% ‘plﬂco*‘d 4 gq ; cttq’ Wag
2% Tiase g 3 weje u;%q ga,noil "
'OQ& ITA 6000, Wegli seq-

tbcz dereged s Yo et L 2000 R ug;%soa g
eyl Wdcﬂ‘ ca o gal © WS o Yy Ved 4y

.g glyess ke Te "5 2 ”u‘gag  +y fiEL BT

the. Au gtauy shuaﬂ Uy vatg gu.g
yo a (RPwag Yeg L hgm@ di;”L

¢ U lage The USW S atyg gaigs Ravl 2354&2
10 a1 W O-1 3 ¢ W HR-

PR h‘cu at‘qa,
atg‘g;m G leg oG Wat‘q 'l

3, were Yeg iy

v casteg m el 74 a.,;% dicsgy I st
;m G awag cttcﬂthu 3 5%. ;Jrca.;%,& n'cl'u
9§1q*n
Sad'd,cz d 3} ¢ty arte qlz WC[IC

mll‘edanuq',w-‘!.c " 5! W’ +H N
asg, ud e aglaratled . Yo ¢4 Va t‘q; -at‘g
e g ge leoly q“cz Toe § Lol g aste q lawae
plq: w d 0 a "4 auu*glﬂ ey 'ut‘ cttﬂ
il sy Yo 'ﬂ as a¥ ags glesgy ol (A
‘,, p ) at we Sate wefol ‘t fatl Yo ﬂc) e-
l,*irc wal *ln’%n atgte wal l'rg'c:c
Aaga Yo Sug eu. Thege ol ¢ ‘l’
dc’.ﬂﬂ %I' L al. (2004). Thew cazlheq * /“Sﬂ
ad 4314 144l jatl afe ﬂﬂc.tq 1 86&,/82&, —
0. 11943.1‘ 14600 /14 = 0.219, ﬂcaglCttv% Toe

« caglhed g"uﬁ/%ﬂﬂ aVcﬂagc fal ¥ wege 020288 ¢

e \;3\1“93“%‘3“ ag 0205069 §3 w- 1{}.4
the NG /NG avera gera s wege 0.512104 1

lag g 051264 i3 R-1.Theay Yoy ECI'tlaid
vy U2 teg plaras ctcmaﬂ; i & 1bc2 A

4. Ana], JeaQl' W‘,

4a. Zc {a U-Pb 2&‘ N7

Lgban 0y e U sy care Gay Usqy Lag g
. caa. Milgi'ai‘.iaﬂCI* il g atgw @ give
Vag Zag€ 09 100t 150 o ag o amlestalglinag Sags
pe 111 21. o I ages, e ‘Q.,,Idgla%
WgC Bppyal ﬂ%lﬂ 4 eatles waiasla gly
sutgvaliragy at*ﬂ Ly (sce gact T g %)
"‘er()a. Yica wege o g g Usleq 4 4@ Y cad
hl'cﬂca'utn W whaig, ¢U (22 1239k )ag g T¥ (8
s IEYRC R vx¥ TPV fatge vas a8 09 0.4
t 0.8. Twa tYeseva a.;%c: a 3073 gcgl%*dq

g tucs'uuvxqba ‘4 ¢ iigad tagcv&#‘ agn
L 2Rl Tagga vxc.gktqm cag age 4858%+2



Tv c1.' Ve wa ¥ Y gyt werapla tige, oY ;‘atca.d‘ay gy the Zh*fa 'gli', £ g e

Sai'j,c 201347 T01-1 201347 701-3 2013241 701-4 201347 T01-5 2013A1 T01-6 20137 TO1-~  2013ATT01-8 201307 T0% 1 201347 T0%F 2 201770k 4

L tYde > > > b % > v v v
Major elements (%)

3‘_2 38.% 48.20 3941 38.62 3922 3982 39.05 4'm22 46.48 S51.2~

T'.Z 0.05 0.20 0.05 0.05 0.04 0.05 0.04 0.14 0.12 0.2~

? 260 0.61 1.% 1.04 0.6~ 0.% 0. x4 0.% 18.28 19.64 1933

g3 8.44 4.68 T~ 9.36 ESY 16 =34 3.6~ 3.24 3.89

A ‘r 0.08 0.10 0.11 0.11 0.11 0.09 0.11 0.08 0.0~ 0.08

A 38.21 24.59 38.82 I8 39.09 3931 38.44 10.04 9.03 5.89

aorydo vqayvyy ayj Jo L41S1u2y2023 puv 23}

144



T c1l. gt UCd N
| 4 ~ S
St g e 201347 701-1 201307 701-3 2013247 T01-4 201307 T01-5 201347 T01-6 201347 TO1-~  2013AF701-8 20134770k 1 2013770k 2 2013770k 4
Rl * * * > * * S S s
i 0.005 0.064 0.008 0.005 0.009 0.003 0.003 0.051 0.044 0.222
r‘s 0.021 0.34~ 0.044 0.042 0.0 0.031 0.033 0.310 0.25~ 1.450
u 0.004 0.04~ 0.00~ 0.008 0.011 0.005 0.005 0.049 0.043 0219
¥ 0.011 0.232 0.036 0.044 0.012 0.034 0.008 0.123 0.0% 0.99%3
Tar 0.0% 0.036 0.038 0.03'~ 0.068 0.026 0.025 0.046 0.031 0.06'~
W 0.268 180 6.600 1.880 0.99%3 0.233 1.150 1.5 0.516 0.19%
x 0.406 0.0% 0.12~ 0.112 0.099 0.199 0.054 0.168 0.191 0.695
Yo 0.046 0.034 0.014 0.028 0.050 0.030 0.010 0.050 0.029 0.130
U 0.191 0.144 0.203 0.364 0.042 0.0% 0.029 0.066 0.042 0.0
@iy 20134770k 5 2013770k 6  2013a770F '~ 2013770k 8 20138770k 9 201AT70F 2  2013AF70% 3  2013&7T7T0% 4  2013A770% 5 20136770k 3
R4 e v v 3w 3A 1) ERCA) 3w 3w 3w 3 WD 3 w2)
Major elements (%)
*¥? 491~ 458~ 48,29 53.19 51.91 50.40 50.54 50.52 51.22 523~
T2 0.34 0.15 1.40 1.24 1.31 1.4 1.63 1.31 LI~ 0.33
?2._3 18.99 1958 16.59 16.19 15.93 15.8~ 16.2% 15.55 15.48 1961
G 4.52 3.34 »88 1 '»43 909 950 9.42 ) 3.44
{:: 0.09 0.08 0.11 0.10 0.11 0.13 0.11 0.14 0.12 0.0~
L. 6.8~ "»42 4.80 428 441 5.89 3.29 6.06 nl4 4.88
N 11.03 12.61 6.22 5.8 6.39 6.25 4.52 =49 8.26 8.%
N 4.86 =38 8. 8.39 $.00 4.52 31 4.80 4.08 a1
Vo 0.13 0.11 0.39 0.31 0.42 2.04 0.33 1.2~ 2.03 0.1~
»2¢3 0.04 0.02 0.62 0.62 0.65 0.4 0.69 0.4~ 0.44 0.04
(P 3% 3.26 4.24 2.54 2.93 22~ 5.14 2.65 1.93 229
TeT 9935 9932 992 99 9949 99.40 LLES| LIS 9968 LLE!
A"}; 4.9 =49 911 8. 8.42 6.56 =64 6.0~ 6.11 =29
Mgt 5 81 55 54 54 56 41 56 64 4
Trace elements (ppm)
M« 909 4.9 1.16 1.12 1.4~ 908 40.4 529 6.82 5.
3¢ 0.229 0.135 1.284 1.683 1316 1.953 1.034 1.100 0.5 0.629
L1 25.0 23.8 18.6 I'»5 1'a5 »5 192 25.2 18.9 1'’»0
\% 118 83~ 186 166 1R 2~ 229 254 18~ s~
i 34~ 163 60.5 62.6 64.1 116 18.9 %0.~ 203 23/~
24.2 21.6 26.9 23.6 24.6 28 28.5 28.0 28.0 16.4
N‘ %~ 125 63.6 50~ 51.4 .8 2 a3 132 .1
ad
=i
L,
5
e
ﬂ
=



Tbc 1. « l".'uq

ch 20138770k 5 2013770k 6 2013770k '~ 2013AF70k 8 20138770k 9@  20138770% 2 201367 70% 3  2013AT70F 4  20I3A770% 5 20134770k 3
R 4 e * v ERCRV; 3A D 3™ 3®D 3 W) 3 3 & 3 %2
Ta 39~ 1.20 3960 46.%0 230 2340 43.00 2520 32.% 6.56

aorydo vqayvyy ayj Jo L41S1u2y2023 puv 23}

Y44



e 1. « l".'uq
ch 201367 T0%k 11 20137 70% 1 201347 70%F 2 201347 70% 1 201307 T0% 6 201347 T0% 10 04206 04724 04729 03Z1I'~
Yie 3 %2) ERCP) 3 %2) 3D 3D 3 2) SA D) 3D 3 WD 34 1)
Trace elements (ppm)
M ¥ 194 36.9 424 26.0 32.4 ) / / / /
Be 0.39 0.153 0.358 1.1% 0.9~ 0.468 / / / /
L 32.5 332 34.5 25.1 26.3 32.1 13.4 20.5 I'x~ 20.3
\Y 1% 203 21~ 33~ 341 1% 144 184 214 265
] 56.5 442 4ng 198 222 53.8 158 162 214 265
34~ 3ImS 38.3 23.1 24.8 33.8 20.6 30.9 28.9 20.2
N 66.4 84.6 6.4 25.4 2al 66.6 89.1 114 5.5 =02
¥ %.49 236.4 256~ 205.4 208.9 114.20 / / / /
T 48.0 44.1 490 0.9 103 44.1 / / / /
“va 12.0 11.1 11.2 14~ 13.6 12.0 / / / /
0.589 1.420 1.0% 3.130 3.2 0.583 4.9 18.1 22.0 1'»2
i L 1250 %9 2 249 686 L 831 1118 g
3 13.0 13.0 13.2 21.1 22.9 12.5 13.2 13.2 14~ 20.1
4 54.9 42.3 41.5 144 154 52.8 243 133 164 151
! 1.299 0.84'~ 0.855 11.315 11.985 125~ 20.2 12~ 21.9 12.2
‘:1 0.025 0.030 0.02~ 0.051 0.052 0.028 / / / /
% 0.381 0.286 0.328 1.560 1.450 0.360 / / / /

P 0.288 120 1.030 0.365 0.406 0.336 / / / /
Ba 1~ IR 346 825 50~ 84.3 / / / /
Ta 10.% ‘=840 =610 26.40 26.80 10.50 30.6 322 40.1 26.4

e 23.00 18.% 18.40 51.50 548 22.30 a8 62.9 82.3 52.5
Af 2% 2.520 2.510 5250 6.180 2.6 6.9~ ‘n84 10.5 6.4
N 11.80 11.% 11.60 22.30 24.30 11.60 2Um5 31.2 43.1 24.4
& 2.540 2.0 2.6% 4.4% 440 2.3 459 5.28 6.89 485
B 0.8% 0.918 0.9% 1.163 1.25~ 0.883 1.45 1.58 2.0~ 1.03
“Vd 2.480 2.813 2254 4.149 4.469 2.522 3.56 4.01 5.35 423
T 0.3% 0.389 039~ 0.612 0.660 0.384 0.49 0.54 0.64 0.63
‘k% 2.180 2.150 2.220 3.420 3.680 2.130 2.5~ 27K 3.24 3.5
¥ 0.468 0.446 0.444 0.8 0259 0.468 0.49 0.52 0.59 0.
B 1.350 1.230 1.240 2.120 2.2% 1.310 1.32 1.3~ 1.45 225
) 0.1% 0.169 0.1 0.304 0.328 0.1% 0.19 0.2 0.2 0.34

3 1.210 1.050 1.120 1.9%60 2.110 1.210 1.25 1.23 1.24 2.13

u 0.1~ 0.164 0.165 0.291 0.323 0.1 0.20 0.1~ 0.1~ 0.34
¥ 1.3% 0.%41 1.040 3.2% 3.510 1.460 53~ 32~ 4.16 3R
Tar 0.084 0.062 0.051 0.59~ 0.644 0.029 1.35 0.68 1.16 0.68
W 0.151 2.09 1.50 2.5 1.88 0.33 / / / /

0.3% 0.206 0.200 4520 35.10 0.41'~ 8.13 8.0~ 4.18 21.06
“F& 1.9% 0.1 0. ™'~ $.860 9229% 1.9%80 4.50 2.63 3.20 941
U 0.500 0.304 0.302 2.830 3.480 0.501 1.9 0.6~ 1.46 2.59
N (eg * Imla 15@ 0.3 §e 3A ag L*ai FETU | dcﬂdctcst‘q" &

vaa [l ﬂ ex 042206, 0422 0442931 FREAY -ai' et al. (200%).

9ty



Age and geochemistry of the Zhaheba ophiolite

By o2 % No g tigev ol aggs

42'~

111'% ag g e Z}'al'f aagea

R ( Sﬂ 'y / S-Sﬂ/ (2;&/ S‘ Nd 147 / ]43N / 14_‘{;] / ENd
Sas J € Yie ) Gk ) F % (lo) %), QW ) Qi ) g 144N, d(lo) ™9, ©
2013AF 70k 3 Sa tWZ) 0.36 392 0.002~ 0.204030(29) 0.24015 2.49 108 0.13% 0.512839%40) 0.5124™ 6.9
2013A7 70k 10 ?a$ tr@2) 0.58 686 0.0024 0.20425923) 0.%45 23~ 11.6 0.1235 0.512809%43) 0.512486 ‘=1
201347 7T0F 1 g tt‘i" 1) 3.13 2% 0.0335 0.206324(20) 0.206133 4.49 223 0.121'~ 0.512533(4™ 0.512214 1.8
201307 70% 2 3 iy lr@ 1) 2.8~ 1320 0.0063 0.204289%20) 0.204255 4.95 28.6 0.1046 0.51249%51) 0.512445 6.3
20137 T0F 3 Qav tri" 1) 8.06 516 0.0452 0.205368(43) 0.#5111 5.9~ 36.9 0.098 0.5122%'%30) 0.512450 6.4
20137 T0Fx 4 Y;a? lt‘i"l) 965 1480 0.0189 0.2422'%51) 0.#4120 4.55 24.5 0.1123 0.512803(53) 0.512509 =5

N () =10 000((143‘ 4/14‘“ d)s (t)/ﬁ” 4/14‘“ @) ur@O—1) &N, (Dag g C%/5%) F Uey 1}% ay v e Zh}f. aafe age

uc-ﬁ, Wateg ”n‘g Weage

401

Age=485.8+2.5 Ma
MSWD=3.1
0.10 N=27
550
iy
Z_0.08
=
B
0.06
0.04
0.3
0.10
_ b)
0.08—| Intercept Age
=401.4+1.6
- (MSWD=1.8
= 0.06-
B B 300 0.10
== Rejected =
g 0.04 % 0.08
200 2
*0.06
100 0.04 I
- 148 150 152 154 I5.6 15.8 16.0
1.‘3Uf}0ﬁph
000 1 | 1 | I | 1 | 1 |
0.0 0.2 0.4 0.6 0.8 1.0
gthed (y 1{'*“) l'ﬂd%ﬂ B Qg iy wcg‘,‘us Wczhbfa glb,{ca.dwc)cv.¢t—u.

B Uy q:cuucat loag g age -cﬂh@%*@u legat2oW cag } eV -

€Q % =

Ty

} a‘;)lb
.

i w e (U

P Aoy = 3.0). Thga
aplucv“}%ucgl i leg 489+4g"4! ..
age ﬁr;a%w Rgt 0 ubc
1 ¢ eral 2003).

Ca9,fad SugS 0 100

9 AQ.. |
€ aic Wag Hlara L ad g
200 9 o @ 2 W

o?

@ /W ¢ Prats
't‘kcn e g Eua 9
\‘Gu Wi ageanase d a2 @

A ﬂ'sc‘ o,scﬂ%
wainbc ﬂ'nguiﬂ

1 3.A s T 421 i"agc ea-
cdygtd gl W g Y
5 W% e

Paywge sgeat i¥oryg aa 2 "3
qq e 9 a. e ag-

W2)Cx“v§0 Yaar ™ saag



428

iﬁal 1905 4 w8, Wai g8 at'hes wip ige a3 whi-

N T Py gy 2o as (W2, 5cc quet 1. ?)
wa Ya cu;%cswcﬂcplcﬂ M e o Fgead i
e (U g g e Aw ¢ g thege, et ol tl g W2
s Vﬁdfd pdd aged jag S8 WY 450 My 1
500 N PHF| auc'v% cwva wYats. The b
2QlaggYaeslea mweg ¢ wewl ,r‘o.ﬂ%ﬁd ‘a-
1gla 120  2%U ggeq W a weghledd e age
4012 < (*Vﬁ =3.3). o' W2l Wegd g igas o¢
etwea 9 ZUagesag g 23ﬁjagc: e Tepa -
Wauci Yo evase aig 9/*4: wer
.‘tcﬂocgltagc 4014+£1.6 "~ ( Ve = 18) (zee
L )V&Jr,‘ﬂ'*oi o‘h’th@'hbczo"
258U we -’rtcﬁ age. n**a%c*oi I*tuvx

e 1d e gate (A ,wg'; 1993)

4.b. Mp."{m]cy‘ AT
4.b.1. Spinel composition

A, secag ﬂ%t}ﬂ‘d ¥ ol g oY [ e 1l l*{c

g 3)- Miat gragaare 1001 300w aw s Tde
agj% ¥ i utl( m & uw(&{ucn* ?c
e av ‘ catktpl //i(Lh 1.0 0 qge. 1g/ge )
lglvihVClvg* i'2 rcrﬂddt" 23
tqtzVan" ag T 2tntqu
Thod M *Wak waﬂfatﬂrcwplﬂ an"j/q)l
age oh'*ﬂ ¥ v Wy e (100 i:/
fag g2 19 h 60a-.1 My, (100 My/(A c))
g 251 61. Tke vw vyl ’W? vai glyt ¢ ud‘C
W8t cqb aleysaged o Ui & gyloa sl ua.,d/n
o Il'i agy at*‘plﬂ ocn!({ et al. 2010). Tobe § eva
shaee tenthe e saveg 4 dagad-
iqltcﬂq g ot 3eB G842 s'egerta pls
lewfastiygy © ﬂctﬂ'caja-a @l tew a'tc
ﬂcu*“c (Zbag g et al. 2013). :

4.b.2. Pyroxene compositions

The qWwo¥rac § a1l g Y23 2 falba
by gaec W ewoyl g (B = 84 86). Tke
» p'gl% e 1#*:1' YYoave Vcﬂ% W T‘.z .g-

o taf cag Wag 0.5%) ag ¢ t&cg o gl I‘-.
PEETE Pl ovat g plage (’V N Y
< G aryo~¥iey c®5av catwtpl / ‘h;

@l i ggc. Kg/ge ). The U aen g Jﬂrco
L‘;ltcxl vave oq 1ya tfl'al o ol ’W 1 W?

4(49«.1 W, 46 554 g |, T
g %) d'e%am. n;f? ciyiipat Gikes
ase ﬂdi‘gl 0> el d l‘—z salG e
g

4.c. Wh_]-g._cﬂ"f Ha’ﬁfx—c}: A

4.c.1. Serpentinites and cumulates

Thesemla e {cavave vy 21 g (l'
(> 12%, “;;}’C*. 0 1 gla t\fi e g‘tqﬁ&t‘:c@q 1-

g )ug WS eg g 40%) ’ 3 o
,'gfu:; 1%%) 74(003 0.06 %), ‘az (O&

0.92 %)ad g .rz(oozfoos %). Ng'.a.,drcz..3 .a-

« ]
< q tu‘h‘g e VY4 gm tcgat

y-‘C) @ W BT g
& 0¥ wac iy gp,;:a e e
)' 2(“14))“"2 3 (W A))ﬁd(‘)l}

rgltes. (y Y
e et gl 3y
J'a}'ia by
Qleasa age d tetfaPediy l‘;cz ool 9“«# DV Tog2 (\HAy)
~;~*gl%aqc R gi,‘n' 'R Hrc_hbfa 91&,,@

14 Vu‘g

ta ¥ M ara zae (v 89 N (7). o
o ail. of QTR 4 TG -a.t.m:;at‘. etweg

|
= W e a cn @ icﬂVq i
T&cn%hvc# w‘é& ¢ (% 103‘ M \?
vitau(s Splgh ) (T e 1). “kckg&f (> 12%)

g W e wrcud i@t la tn“ggcnth, -
a LV o pp aty “*“’k]a' loreq e ﬂ‘gv
selat 99 vagoo ata( d,waq a)at
ag W;aﬂgc Yy {*ﬁlﬂ;‘c;ﬁ a s (‘ M0 (g
ang a)rﬁ Wchf‘gu‘oc aic ga ~|1 aik.eg o ﬂi’;

al‘n 2431 Cog=3' a g T 2,WC
ﬂfatd:q'cwau l‘ c 0 Wbege

. TolYy, wege

o qlaea, c ey lhl]'CﬂdQ'uﬂv g yleg -
Ba cag Theiala tagfcavarey gaie cap v
o gt (REDgv gt }gb- -lim gl*;m at

V8D egtats (T3, cl)g wever, Wweyoab w g -
1 gla t U-gdapleg Wy dicn W Pl ‘»q YR BB, tegg 2
g™ wangey st cathes ig Weyes 1v
pl* {coﬂ'j,c‘cz‘ﬁcaﬂoc 201 1*3"]”1&“{‘9
ad 1}0‘91:‘ urtcV;v ucnaﬂc e 8% &

v o Ugb, 1989)

The i3 o Uateg dave S,‘.2 Kad gg‘g
P A4582% L S512%%, angd d-@aYyo Vak
Teres’ (324 4.68%), A o (183 196%, e .@11
w e 201307 T01-3), (9.54 15.42%),

(0.12 034%), Nase (2. o ®38%, ey selt -
201341 TO1-3) a0 g g oq- (011 0.46%) wagg t q;'%-
p rastgaty g/ i oY uat‘q ¢ esly (nycl)



Age and geochemistry of the Zhaheba ophiolite 429
o Si0, (% 2 .
sﬁt 0, o)‘ l i K.0 (%) lst _ TiO, (%)
7 p— m| 2.0 s 6
|52k _} _ = | I I 1.4k ‘DD
50 o o 1.5 12F = =}
oy o g = 1of0
o O
i @ 1.0 0.8
@] O 0.6
0.5 o | o4 =
MRy,
ﬁ“'l. = rE]- = = Q} v J "U'LI»_:E,
2ai15— o Eomme| W
16 Fe,0," (%) MnO (%) o 1600 St (
ppm) 0 m
14+ 0.20+ O 1400 =
12} % e 1200} 0 . 5
10-Hm % 0I5 = m@ 3 1000} -
8t ; op) orol B § H P goorm 4o @ o
6r ' O 600
o o @0 =
9 4r § @ 0.05 400 0o (E
2t 200 -0 ]
0 + + + - t
el - . 0 2 240 =
Zr (ppm) RO . - 2 2] D)
14 08 8 m o ©
12 % 7+0 190
10 5 = s o i "
» & 5 B A o 140} 0 s &
by Benl ¢ by Csle
4_? " O ; (@) 90} O
2L
o Lr
0 - ~O 0 ol (% 40 :FrL' %_
0Q— " " AL0, (%) G P,0, (%) 91
Th(ppm) 20+ ®) d'g 07 @ ; 8r
o ' 7+
0.6F
1sr0 % @ s Group I basalts 6
. . 5_

Fg‘t‘c 6.

o ad o Var yly o Y
i Q! ~ yy ‘g(] uetal EOOZ

"ud 43’( ‘kmgczuqﬂ n’tq‘%

t93g chuat*gl*%CI(Mgl
AWeH I g WYed i thew a‘ﬂ;s G 3

V'

s— W@ ! "ZaFCZrS oy 20

N g ‘ca. te uﬂ;at‘qr etweq “g. . g0 a- el). vw‘g t Vaﬂ e vK ﬂrqﬂ lcﬂat‘q ,
‘ﬂ;aquwallr cﬂq.t&cgaﬂq’d ] 9/'#1 t mquwcﬂc“ﬂq i
g 6). Twe o Yo leg dave vay oy - an‘-a /JV /T w2 d g, e
tq Wi ZugS 0 59}911 t 41 ,ad u .d- ’ ch*q 4'1 w uga' Wg, ¥ t*c;
ta L W g gien o R ERYla tioy 9 w{* gt i w 1®]1)aaq iF“;l; e v Y2 (W2)
R E(i’REf)th qt((i’a/‘;)\f—13 29wy A% gg e w2 g on, B meyer waggc e
or o 4 oeegul ayye P p (BB =11 22) Y dandyy ctwea o \21“4 adcs@ agt*a,_
S0 g ¢ 201307 701-3 9+ waa #Y gleg RER legg , dcl@ £ &%).3 Wwlag w2 c:. ‘H
ol s Yy et ﬂc& agdcc csl.Twed Gl dce ‘Wd o Wel e /Ny, “-zdggi' fg
afe o 1aVeq 4 U .‘ 1ol 1?6‘;)1‘. e ey aid. ol {0 1, u‘.z,i“cz‘.3 » 205 Ty %,
R a.fc)ﬁ% 1f ulpla Fatldy aadnb.'ouascvd;‘c 9‘&1‘7 3dccﬂmlcw
Siad fg *) tcﬂaﬂc oiﬁaﬂa-tcﬂ $C dwm.‘gﬂg T f e Ay [ w2
g ‘caa 1d cgat,¥c ; $ (i ffa = 02 64) ‘MZ o 205! ‘-z,zﬂad nb*-ﬁmlcw#dcoau‘g
a.dVaﬂfcgl aﬂcaﬁ;@ ?a Sag ™ N Q“g6)
Toew adave atv%ﬁg& R@Eu -
. {1 fag g.,g P 12408 € 2050w urc‘m
.c.2. Basalts R Phy .

“&c‘a 9 agq ad gCo g dave &
i 43.15% 1 565 (a v%m

2 fad Seg8
52 %,

hvc;cVatq TREG wp (Fa/ g N etwea 10a¢d

9u&avc5()g}gh t 609k ?
304 v%%, ve20)an g 3 WY Jaaleg egatiye t



430 X7 IRANy LTy Bes

serpentinite serpentinite

0.01 0.01
Lu tka Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu RbBaThTaNbLaCeSrNdP SmZrHfEuTiTb Y Yb

100 100
cumulates cumulates

— 1000 1000

A Group I basalts
Group II basalts

A Group I basalts
Group I! basalts

vrrn  TauCel Pr. Nd.Sm.Fu.Gd. Th, Ny, Ho, BEr TI'm Yb Lu  "REBAI 714 ROLAUEST NP S ZF HIEGi 7107 Y

fvg‘t'c ~ ( - Y *.‘c) Padien PN Y ER; ey TR R BRAYC apcu Wy God wtY plabc t:aw-;m q o —'ut.i
o G lgyTal 3 | e sapla tag{ca g P30 e habga oo a g ey eV g agg W.7bcy m (@ g Vesare
AT 5 VA ug.b(19sc9).‘Hc b (A 'y PNy

Lol ayye Plag v g o (BB = 0% 1.14) 4y. W FJocT PNy dag lcta HEO = +_ "
gD Thevray tzgaVc ipatlyg ¥ at RERlat- s% ‘ ti‘l]a. @ c .19N{ , %7 tpl*niz*}glt 1yt e
g 8 W (Ta/Q N fag ggﬂgu'n'w 41 bad gt Policsa LiyG ag Warg yiod '(ITb e2. Wl _ag g
ooagye - ar*ﬂ;gl(,ﬂ]/, =102 1.21) g™ ad ¥ a eEh’nc l‘.ﬁﬂﬂﬂ Nd Loy wé?.-
\g Wen “G Mg Y Sl a g g, e Ny 1 (PYosb woa gaiil W oia ¢ R /5% fa-

a3k WY plegvla tic 9 WP Var g, ca cgal- t§¥ (0.0024 0.0452) ag ¢ *"%/°% fat s (D.204030

¢ l‘A Taag 0 ¥ an#" Mavag Sugg 19 0.441 0.205368), « gicxl o d g8 t n;atv%lm gae %
0.8'%an du cgatyet g*tg INC Y v GEea- b N0/% ratga (0204015 0.95111, es sqlt ¢
gl Lwyp e Plag v g qu TPe¥2 ay tadave 20130 T0F 1). Theywave ¥y /14Ny falyg ctwea

Wl gt Dafy co o gl o O 1"\‘1'6 L 0.09% agq 0.13% 294 143N¢/144Nd falylg clneq
TV pay taddgadile W ooedaegtiye’s Taa - 0.5120 g ¢ 0.51283 92 g u 4 Fov u wtas L%, (1) Vg, -

vy Qwgrap w " Fatatys (~0.11).4, tese Uy po +63 1 +25 (ewoglt 2013807 70F 1 1&1
at-‘}}cwcw' W ge t?jl,g gy g™ $+18).



Age and geochemistry of the Zhaheba ophiolite 431

10 4
a) QO Group I basalts b) O Group I basalts
C W Group Il basalts B B Group 11 basalts
Alkali ¢ cemulates R Q cumulates
I = Rhyolite 2
= Phonolite @ .
o A e
E 0.1 — Rhyolite+Dacite Tr‘-h)“' pho““m i 2 - oY W
— E - ] 11_9,_]['\\ Te \‘3\ ari- — r A\
N — " B\ And [ADG _— Q - O O
= And/ 8- P o e - (ﬁj)
001 L ——=00m ®Wld@zl o _— o
Nb/Y FeO'/MgO
Ye s, (y ) (a),. o gla s a t(_n'/m 2V N f);an‘qt‘g d{giae [ ey o g Ypiyp Wud gpis
p'drc:tq: & 7»} )\Wr e 11 - w2 Fc g, t: PR g‘al‘qr etweq e y cil,; i‘.Cal d 11’ C“ICIQI
-bcn; 3y g‘caid 1& S T .uas:ca tex M&ﬁzbg 1
6
a) 6+ b)
sk -
5 -
| 4 o
@ o 4+~
O 0
£ 3+ &£
= S 3r
=z P
2 Excluded for 2 -
discussion
A1 L W
0 1 | ! 4 : 3 0 } H ; H :
10 12 14 16 18 20 22 4.2 4.6 50 5.4 5.8 6.2 6.6
£ (D) 8"°0

Fg‘t‘c’ @Zgn (t)ad{()..Qtplclglcciﬂa ﬂﬂrcg‘,‘i 'R ul'c_h}ia *glnl'

Lgoa ¥ glole swyl aggs e :llll 'u 5. Dziczﬁ‘&j},,
i g e (2013A7701) sb w ogagta t gealta (g -
o Sy a v iy .i,i A LA UL AL Ty
: th‘gl o @l g2 ﬂg/gc ), W & A v u.‘gt e agea U agcs e o4 'uatcz
(1= 435 A ) iag Sag& g 13 1 20 "‘kc; A ad ﬂrcw' wi i L3, we o 'uatcsa.d ey ev -
agesjag ge 9 285 2t 588 My 2y exl u%ﬁ § Ypaval wae o Jaseq g aYieg atc 436 Ny
PG g (1) (> 16) s g Wreg Ty Mages aie Yol ga 9¢d 401 M, ﬂcxglcctv%n?cagc e o8 Hate ¢

Wag e q:%w qat‘q age @ Wlg va reasgs,a0g Yoo g aglat v»,q\' e vlgev '#%ucgl n't'ed age
Wese gl 13 afe cy Wed 19 Yoa gty (50 + LW) 1JrcA'11 al *;)1},' ¥ i e s Y-
e byl g~ g (1), e a.;%cn W Wy a’;% casloy scsleg e e a «;11&,, Laud Peage

aVallagy 4 ut plaal g2 at 15~ Tbey as- (416£3 M) e 'gll'r L a W e
Yed 8“‘QI 3csliiaagc R 491%01 5.3 %o, Ahbfal‘ianh foir h‘ c&cﬁ%getal
Ll p‘ga iraunq ¥ “t‘q Q”,g ). Ty, &csc 20127 A et al. 200;17 F% The ]
igrashave by g e +Y&a tpl* eyl 2- @ Uy ez (401 M)a.d e o4 yated (486 q)(ii
I WAy e 3, e SIRE023% g e samla lgyen)aicy ca;%s%um Y. .Jruz

e~

(g 2) we slggest at eV wg ¢ so8 'y scsages lav o -
Lgha s ~400 Mi gw e 1V meg e dave a e Ahl’ffa *;:1* LThey oV 4 awaﬂc
an'gc v g¢ & (0 ‘p “cu', etwea l4aag 92 sodgla twy tbc, .,, age ulu'rcV “ ¢

%—l‘agc; ~i dp agcliiag S8 WY 630 My gosly oc (™ g‘3 v M ’?9
920 The wa -ﬂ*}/m bave ‘aig € § Q - Aes g8 t 1n'rc ages e gl.b ¥t o Cadlon

tglc vl aly t g e cat'thes T gety gV W2z ag the 3 Ve u*c ve by @ giciia ¢
geoagear pv ﬁc A’, agicgy (24 et al (- i,) e ';)lﬂ' ¥t - d**e& Wl Wice
2008). gages, . e ad Fi¥ Agbfa Afi a ‘a‘pl' NS



432 X7 IRANy LTy Bes

70 e ] 100] |
Metasomatized
60 =— Spinels a) - b)
— 50 . Bibong spinels . 807
= . ) '
o7 ’lf h = (South Korea)
s 40 "y, @ Q =
= \hf‘«\g C a
o g - o 5 00
— =S %)
o 20 .
Arc-cumulates ..'-'""».x____ 40!
10
'y 0 - ) 2 A — — RATRT S _~ ] ] \\J_.
Levn V] 11 20 At 40 S0 (10}
AlLO, (wt.%) Spinel-Fe™
~ 100 e 1o ¢
) | LBON T C) } LIP o d
%) N y g I v //.f"'"‘]l
\SS7Z v/ _ ' T
i L Abveeal & I
& 60-Abyssal 'y 2 5 N-MORB
1 Perdiotite i =
2 f = Arc
2 40 o o
%) Fore-are = 0.
N/ Peridotite
20 [ =FODP6TOA
| ] | | | 0.01 : . : i
10, i Hil} 44} 20. 0, 1(). 200 T30 40
Quyineli-Mg” ALU, (WE%)
F Ye 10. ( c)“ L o Dlags 1 1 d G a3 Iy o T 3.@) 10 ﬂcm"ﬂ’z 3(\&1%)“.&'&' @ ¥ iag 7
%& 2006 ) u. (100 g/ ﬂ-h" ) vera i e’y (100Fc2+/(c2++'éé 'R I}c Dhabea Je L@ lcﬂAi’a‘
199 afs c3 &R egexr,2001). () ga . (100 g/( i:-h} ) vers'e “g. (100 c)) W i e Z b a plb

@ tcﬂyi. etal. 1995). (d)‘ ) Vel 3099l Ay alg zhﬂ:.‘ml i e J’ab a le' $a lCI"Val a 11%
aw g & ~%¢ fe, 2001)‘3 i .&{c‘tzﬁ‘-\ﬂ o ¢ ?waﬂ;ﬂﬁg%agmss_ a‘*bli:a-z du‘lii 4 %agu

ad gc (500 480 M) Y ¢ et al 2001 Py efal
251 g 1t'gy), ey SR 9“911"
v, ge (430 400 M) (Xq e qf 2009b 201'43..1
NC aia sca Waice )an d Hrc dy
3 o (3% 350 %m. getdl, 2 3 Wleral 2006)

Loyl L i L
5.b. OLJ ’f},‘W«HH \a,( czi z.:{at ¥
MR- 'uiﬂal afeg dadave sg i g Wat -
()lv gegvesaga gl tqt oet ga clyang toste ¢
“@lﬂ alq d ot I‘h ¢ o tugS ater
“ et 6"'&};“& w & 2 Jrc 20 2;‘._&
et al. 2010



Age and geochemistry of the Zhaheba ophiolite

8

6

Back-arc
basin basalt

AlLLO, (wt.%)
|

aigas -

o de Boninite

0 1 | |
0 1 2 3

TiO,+Cr,0, (wt.%)
TiO,(wt.%)

ICB-lceland basalis
SSZ-Supra-Subduction Zone basalts
WOPB-Within Oceanic Plate basalts

N W T )

) TSR AV WEss) 'Na,O (wt.9

e 11 ( c) @4 2¢3 V- Tog2 ™t lings d s

aa.l )a 2 8 2/1&) cd gﬂai oY e
é ﬂ‘— l}'c_hub av'f} % s

l*ca;‘}“l
ol g US4 e Vv a'glan' ctwcq N NS g i a
¢i*agtad Vgaﬁglgl:g:'cmcq e 8 qu-t%cdaEd

e ¢ Y uatcs WYy, god i"i
W@ aley aglm ed n'*i % %d cledma.]
g Yees® Ggle). Tve ¢ tole cat'hesargle
e o8 'uatca WY, God 5'11 pu ﬂmtwcﬂcdc—
PyCd Y dcg cteg alt&q lpl aje 1 Yees,
* Pl Icqﬂ a"clbccu R “ 'fl?jlc P
C¢ eq. e oy lbad, ag ¥ W
rfcho e g‘*_)l% G el [w e oN 'uatacg
J' ‘gﬂ‘li;atq 15@.1: ‘..1 thedy > ‘.3V T2t Hoges
d%gm ¥ 1*ca¢ t:)l% wach Uy L
e v a&aﬂ a!l\iaﬂtau‘
T 4 ta g 11a). hl'c i 2/100 4 ‘2{
g;:a’d ;4 gt ew gl zw U agt ubc 2
g9 ¢ V§ag];)l %cmcq ﬂrc Sﬂ&@ca‘d
B odr 1, le Watl e P o
'atcz JﬂaVc gy Ta @ Ygbu u wep L

n iﬂ <Cd d {Zad Iaadri caal g e end 14l
;Nh%ﬂl g ™ “Jrcucau?m ol w
ﬁch:Uzg ol gaty ‘;)laﬂt*a;% ol af

433

1§ @ 0§ weve, e ga ¢ igat etwea
‘;I'*a g V/Tﬂ'ﬂal‘z (g 122 ﬂ;ﬂ';?’ucz
. GIia, so o galy .- iﬂc veg, hl'cz
I‘agcy v dpagey r‘wt e nﬂ%» g agc
Tibe hl'cml ] og Wal wey ay c
g "bocgmcw ipaled ¥ casy at.‘)
¥ weve, ey /%a. d u?r/uu falyd aie 1§
M‘-R‘; ad o)“@ c@fq Ugt ¥ yp ipatedy c‘a—
gy at' 1T (.g 12:). Thaie e, @cz@ ‘wt
" Tau cgt*ca., ﬂa,ng‘tbc';.'gl%xq es afe
a la c-cz oufatq t alg aleg¥ cag -
< atq ‘et (2002) #a c*_yl .‘tq Y attbe s g-
d ‘.'an Tag catiycan P e R
e & ulgxc:t,. d ¢ Rggeaieyl Ih%t Yo
W e nn*pl Iy iagdy o1 e c.:tq‘%
3(atbar agoetye Ty @ o) TP, chc-
Use Wha t the i iolicaq @wa oW 'ualc*_)laﬂt e
o@n n*g ?‘ Ibaie wheb d ¢i tYqag -ﬂun;
‘alaw a‘a “u PR Tpaledy cusv aly .

!:1

5.c. P4 ]Zgh ‘r?& ./i le,?;l,. ba‘&ap
Ass g a8l WCQgC wal {W%li'i, ag uaﬂcd,¥*q

Wt ow I“gﬂ Wy, ¢ ctla. .
;l* e &2 vl u‘LVch Jr (11 24*9;5‘1
ve 158 D s (04 Vo Fua N V.

t 1(11 15, wysw et 60)ag g ‘a e(al )\I
N ‘l \’ uc?luggczt*g ﬂrc%aﬂcw ‘!
¢ BI)DcatJain KA YRR .14, 6;
at&,ycﬂﬂ*i' 2001) € g 13). Tw }tcm atye a;;c

y 1 Yoees th, ca i ol sed L ase Yt g e 1Qug

a d d JlagslNe g o cattes NB 4 (1) aa
PEA LN R TR e Hlplnqt o i g2
g‘tirc-na. ewegge(eg. a & &Y &l oag
aYa , 2002) (2)avw an;cvxedgc W**!b wagd clag -
«dat‘q‘%adal C1®catadag &y 4y,
1929 cag L&YY .d,l”ZLSa a etal 19%).

Tog aloe ceby aYedag ol Hiaa t
:-chcw ga ei g '&%W ‘# N

prey Ut d FL I Iiﬂatq lht NB gy aYp ¢
dOYCd 0¥ a3 qeeovyl aeg g l‘cqu cd
“aje( a Y& & ¢V, 00~§ astget al.
201'11); wlg'q,tbje N o Ry

UYeg (0204120 0.%06133) ag o kgb eN (1) V; Ueg
+181 +~5) bc%mcd‘cuqtﬂﬂ qn*ﬂ'q 3.
74 Add o - By hv? U 3. 44 20 4)
9‘& b,gu’rcﬂ l'a/‘ (1.51 2.54) faty Ilh.] g (eg.
a &% aur 1986) Thae n'c Whese ohwa slex-
{ Ue uta; et Yee A tamatly ¥
\fc*:uﬁgrgc:t hat 1n'rc\‘91 Q%I ageyl 1 iq %dcﬂgq
r}~|1 av agjc wegdgew clagy alycd e
u.m*é i oav tzuduotc: 5 (Sa‘ujtttl
1' 96;_,1(@@ a, 19%). 3 y g Sa galey RS
agal e e gl ayy %Y € cge of Yllcg as p#Yo
NS ceas Weraica sleg W a‘rl ellar g ¥t
‘Sq qateay T 8 Pgp gheg 9 "k-c{v PR \’VCWQ*
2000). T ge pogtiges ﬂatadal g’ B gaje
o Yliegw Ke rycn 'u‘oac -'?%D cag Jadag
&9y g4, 1992,33143 etal. 1996). Zag g et al.
(2008) el Hied® ev 4 3’ agal. .ch; a8 ey thay



434 DI S WS PRt

5 0.20
2) 7 Melt-related
| ! ' 4 enrichment
&

°r 0.15 f éf"' f

| Fluid-related
|E Il\_i /’ enrichment
S 4 = 010}
z e
P 3L S ‘ B

21 0.05 b/ e

[ o Golovin/Belaya

0 L 1 0 : : ,

0 0.1 0.2 0.3 0 0.02 0.04 0.06 508

Nb/La ThiZr

N N
rngUCIZ (a)“/ Ik AR “/fadigla’l W WS We lﬂuﬂb o galyg a.dé)ﬂ. t ¥ & V. TW/ § it n’li‘cg%‘ﬂ
o yate @c‘hbia plb,{c

100 E 100

Phanerozoic NEBs

thw&s = _
5 | BT | &
= lOl ’Q/ﬁp’ -g 10 :-
g o Z
o Z
Phanerozoic
adakites adakites_ .
(T | B
| I I 1 1 1 1 1
i" 0 10 20 30 40 50 l 0 2 4 6 8 1
(La/Yb), Yb,,
Fg‘}:cl3 ( \3}: **Q(a)(l'a/f%lﬁd*)‘;"_w‘\l d a3 ﬂﬁ«ia?u 'R ﬁczhbeaaﬂca,«*t.‘gtht\?]‘ayu

vave ul"t‘cl qu*l'q‘agtﬂ(
» ai’gi‘— ey Y gaap. The'w 1 NBy bave VarYeg2 f‘g 14). 7o, ﬂrc\’?2‘ ?udcﬂ,¥q R *;)laut*
Ny (1.8 '25)aa ¢ (F"%/*°%)_(0.204120 0. -96133) .ﬂg a¥ ag) ¢ weggepliey (Y ¥ casv at‘q
V} Veg, Wi @b od o lc8 Mt&cgz ll’ockun syl g- { @.Itd Y a Iuduﬂq’ od e d
Yobelar gac Y (T3, ¢2). Tbc % w ﬁctlad uai‘c;‘t qdqw?eatb Cﬁ'
eN, (7 V'S Yes g g ¥ Q¥ (*‘g“!‘,ﬂ) fatl “‘?lc tnbt Toe 8 zen'Val‘g iyl P (1 Dat WeYohagea o9 -
ubc%‘i] dawa 1an~§ "i « atcw « g . 4 elingg, wnb,‘b § coaglat wa' tJ’cQ
-JrQM“th tw .g‘oa. t1. and-‘lu “gn‘rs d olety ey
W5 Gl d qTa 3. TP, e :l' AR
ubc L aauca weyed s}l;%lcwq 3 Qlaﬂt*
gt.‘g a¥ ag ) © Weg SEUlNeY 1*% caiv atged !} {l
adal. {49 g Wip cased 0V al .tqbti, b

tzmw Pa]a“x-zyzp accﬂf"t T LV

Fow c a ¥ cs ‘i]dcwq LG % Lasrg,gly drq'cauc hl'ucc pllf o 4 e cante ) 4 gaar,
yd -n"\‘?w atey ;(416 MY Yeral 2014
Twe uthlr I'y,l' Begta Wag g Gpat- i“a.getal 20 5), Z¥a ?ﬂaaia by ¢ (503

? ug Cﬂ Y 8Ceqla g, gy W 485 MJ § etal 200 et al. 201i 1&.‘11“‘%
(< 85 N Sadfeg Mttt €9.9),  ag el WH by ¢(400M)(g1,)lt‘u fi 42
“?-c cot~g Wew cagy aly 11/ a¢’1c1 Yeeg Yolbe 1 eu %% .lm {095 o gc%drm Yo e
U 1y cauty Wd/ Mg g yCd N o g g A pl.b 2§ UYeral 2014), wego
Kﬂaﬂl “ ;t g e %‘ j* (Sa'ild q\] wyo  wee ﬂ qyi-n *?‘-‘eaa ﬂ.}g;aﬂrcuﬂm g d vty -
& Tai €% 1991_ "tcﬁ, 2002) 19qal zhucz g;atcd setiggZa.
\.g st catlhes ape_ag . ﬂ'c ey b‘d, e 3 W be ge o Y g fd zqwat‘g vy
2{ 1’*&‘% W /% LN(0~1.0), (Tafa) N Watl the 2 Ty Vevagg Y 1S @ Yo
(0.T 02)aa q ‘g /TP 0.6 10) Falgl, nl  lg2 e soplly sex gy g the castcn ) ‘Iggu Pelicia  d

“ agde g l}:oc i We'w g wagy a*%i efa- Vage lesty ¢ cllnggs, ' d.‘g alia- seag ¢ ans,
19 algee Y Ut igated t R R R - T RS anucw,au%wqgcﬂ & ‘M [gZCaud
(e s & .m 1”6) Wolareg Wi e geqlaea Y (D Qer al 200520094 Fg et al.
\Fl‘ By, ﬂ'c\'ii w2y Wmoqes ¢4 1a Wan g 200%) @ ey W 1 slngenty a ttbeteot ¢ gueliqg
N Uwa & rid i 14 T " by

@ (g /i Wat‘s(ni,c LT 14). Teeyy, R 28 W cdeh o 43 aa- s § e d
0591)) A idagg 1 tn'rc;cn & 9

t.‘t}c‘;dn I%l,‘, ;Pddai"A “w i L ag.(u% et al 2



Age and geochemistry of the Zhaheba ophiolite

1.0

a)
0.8} Ar

volcanic
rocks

O

6) NEBs
L o) "¢ D
= L/ \@
o} [ oP
o 94 4 @

0 li*llllljlxlljl]l|1|J|J||IJJ||!|J|J

I v 1 5o ) i
TiO, (Wt%)

100

TTTT

b) MORB T OIBTO

fn b ....... Q

Island Arc Basalts N\ @
Og '

1 I Ll T

100 0.1 1 10
Nb (ppm)

- 1.6

(%)

1.0
@)

sl @) NEBs
sland Arc
volcanic rocks O@O (]

(Nb/Th)e,

0.5

T T T [ T r 1 °r [ T T 1T

1.0 0 0.2 0.4 0.6 0.8
(Nb/La)

. glhe 14, ( "°) @ vast T Ty afl 4 )

\fg/U \m”:f, digm (.)()ﬁ /‘:‘5), wwcm“: (‘z\f/l’a). Mj;

al § odd Hare\Vy « ¢ iaid ai

|4
¢ Bl)fﬂc P4 Weatyadag &‘iliﬂ id (1452)a¢d
Swhqg  etal (19%),genlestyg %o

aq ¢ tole ge wo *w%hl'c Uit afeggv o &

e Zad, ajgvaun *_)H’B*CWQI M oeq ata
v - scag [ gcA 1 ,tbe .lll paleadayed iv as-
e zplkcu,fn a.Icai dauc:‘r‘wt ul'cgh,n A
ey i" oCagd ﬂi.gc

Rcoq't% _% et al. (2015) *q t‘q avecvy
Aadag -tYlew ale uliye ; *j,aoed FR o
400 380 2 PR e 3 Uwda ¥ argeg ubcl; )

435

O e ey bag o, Pe ages Hrcg:an.;*z
a8 e g ut&cmqaugg‘ e gl ga wae
dateg at 460 325 Miw graglal atc, 400 M (Vaq g

et al. 2006, 2009 Ta g et al. 200 Wy ef aL 200
*Y et al 2008, 2009 Zag g et al. 2012, % ef al.
2015). MNigt wese gag RSt 19;31‘0 19;$lc
N
giag ¢ catlhes,a wi, o4 ¢! dagd,‘go.g
§ toles sliggent Wt wese gm § ¢ waiey a**)/qc—
wq( Yolar g v 5 lag2 “kq o Wt w{p var
mqt wagde sgq wi( P &an,
20 Q,Wag g et al. 2009). T#CY ev 4 3 @aiai -tYfle
W afey c_lia¢.1 -Yile Zag (o1 ave ggtaplicied as a
‘o lga pvay at*au-; i gbes Ybag ange
1-'ch LR | By add i bvaig Iu PR e a g e
T,u“-b iee( b etal 2015).
Ay a g g e (gee et S.e), we N
qﬂ@q‘? 1113.14 e Yl ans-ag at‘bc‘gz
Ve a aica ﬂqﬂn’cnq 1olilg seu g
duot‘q } n g e “EW area. .4 We les-

e ¢ Lotk @ *\?” q t ey Yate age 19i-
W gk, 15 N8 et al. (200% 200%) gal g-
ted “t:akgirﬁ)lﬂcu‘kcq Lcﬂw wey , sl as we
S el ag d 1 Yle ‘91% WG € W

Lb;*a Wy H* % ulﬂai'gu‘:‘-
pla'cn“}:c«n clat n‘;)l&* n' -l 1 g t’c -a i Ped
5 gumv_)l lcatcotgﬁl yaa 8¢ gﬂrca Ui
G Y aiZug Hrc,ﬂ Yezge f] et al. 2008).
“r‘w test g fn a gcz vave eaq Jod i P

P ga s d Y cu,'nqcmq &f ait gq 19 Lt Ut-
Y v ¥ &U.}r 200:}@ etal 2013).

Wesyg alﬂuotqa Qapl g4 W wegthetesty ¢
ey, “t‘.1 e canlay) Y gear tegra ¢ g 15

Dy ‘h‘g af ﬂ* g e (c. SOOLW) Wepgac -
Ay seag z seg 0 KWPvaigl . G ald e

l’fp'cucl‘%‘a‘am ) YagS P qolergd, 2 a eW glda-

scag ¢ I d Il T C Vad g{lcd g We lia-

scag § AW wq asvctgarYowegge wae M of
g 15).ALtbe e ct‘c theq [ waig iuduot‘d
;.gﬂrc P44 74 ¢ strle, aq 16V Ak
ad ¢ ucanﬂc ane-1g atle gag {ci Ll Cd " Jc:}‘a
leqiian ©.

2)Vrw gate i L Yogid V g e
(500 430 ), ubcpf vt@ 7, :-'-.;a:ﬂc.l*ql 5
ey - s u*gcatﬂrc Fcafsag g e Jall'fa
A GOy Jcasucled U Weasuelygaroncgd ge
fg 13)9 - *gQQb*cauﬁct‘.aﬂ%ci;Lcnaad
afea . Q/@' dawege m 4 g gtbey Ubay aj-
g-‘ t*cA, i ¢ d Tl o0 lagled o TPvaLg

u.l
ate o [ ‘b e (480
420 )M) 14 ,g-l'- ‘?{c Ba g A A
2015) ."ﬂuded e agla- *ai’t Tbe 8U ot U

d'lcagal (gandeaygand },-qﬂ q‘aymk a\]aa
were e

(440 ¥, Sba et al. 2014

@ﬂgﬂ'q ay o wee ga galed asa e “t olag
gtp‘g a'd an;cvxcdgc‘glﬂcV Yo casy atyeq
agal. (§¥ p Wig cased 09 1&@1“2 d Usteq ¥ t’,j'

fg 150)1“ e gad cl‘ e, ad ey i‘.'ﬂa- ‘e ¢
ot‘q TaCHalcy,dn g an CW gglia- sCag Gane wasg

mcd.



436 Xom 3RANy L7y PR

Dulate arc. i

) ) “5V\0hra

oceanridge

b) 500-480Ma Dulate arc

cumulates

Yemaquan arc Dulate arc

Ma

C) 480-420

,’j.,; A

77y

)

hnt:'.:slal:s \
metasomatized mantle

rgthe 15 ( y Y v C) ait .m—“ltat.'g e waly e *pli', $ o g, vt g canlog) Y gavan ¢ Weaswetyg vli scus
wd ' geai tofrag c. g ’



Age and geochemistry of the Zhaheba ophiolite

(4) 7 ’"Jrc‘;?an SR TR TS NS get-
lag2 0 : t)cV.] t‘ci(420380w)
% Wet al K‘I{Faigetal 2015). At @ g © e
W ool agla- %ﬁ*lu uot o.t"\‘d
wew gu(‘ Bz)ad\ﬁ guq"*bltq vu‘gt
*glaﬂtim ;tg'g ay artcwqgcplﬂcv‘ Y ctag -
< at“q‘% aT’ cascy u:ﬂ a%]ﬂ}“ﬁi tln“)du;t—
dgaq lg,gemlest d)- | re
IA’ZE‘ l&ﬂoﬂ 3.#?: ;( a4 d‘v, l%‘?gﬂaa % ul}mcd
afa ¢ ¢ L@ 13,*11 ag at*aEO; a girea Yibagw ag-
gq e A D Bl 8% a4 PtPwaig s ¢ ot‘¢ .-
icd gt&cuwucw‘m.@ ¥o
? .‘q Uamcumoo 380 M) Thewh, o Y g-
g ocaﬂ K zed Ya el atc ag-
caatcﬁ] ‘i ggan, ad
ag .‘vmtemj li] ggaﬂa.]d hbc: Ui ery A agi gm%
tkatc? I Upar gvamaty das 9i-
o a-7 ga g ¥ ag,atc ge wa catYes
au.l em ot o :c.m@ arYuos Ve veu o Y ggar on -

“_*on t.'q b, asgt

6. ClacpiTka}

(1) The & Vate  the Zhabg a by e w9
at ~485 M’wbﬂct& u.‘ﬂqaufq‘ﬂ@:atc
400 M. TeYy, W tmquq scag g e o 'uatca
ane as% W 4 ulagd‘tnl' gagcq tavy o

We Zbabg a Mt u‘ler £ "‘n‘re‘ y U wae
g galeg Wegl't plar}ti-n ;tg‘g ay an;cvxqgc
2 c‘al'i at‘q '9jo ﬂﬁﬂlq i a u“i FRAIPE:

ﬂadal w_)lu d el *}’9}

(2) (i tc dayed 19 azt&q lgl)fcﬂ*
« agrtca.]d Qmﬁul e ﬂ]ﬂ‘ﬂ e & Uip-
ch,nd R ¢ge. nkc'ulu e g o a1
e )arl'fa 'pll" relicaq tﬂcz*‘} asiba gleage

W¢c31ta~i -‘ca i ¢gc. H’cﬂ.ﬂ wal -

aVggeats hatibe - hlffa l;*n ad ‘a‘pl#,' L was

3) nbc J‘alr a }'11 ad @GOl
assclygarYonedgey o g e g by v ar}g~ e
T,EW stWesgeq "2 e atl e gl g Us-
1‘1 ZagC Y g gt g Y. Tdbe 3
wagay a‘ o ad o‘m'a— sCagl *anﬂct‘a aﬂ%wqgc
w ) U Boap scu . The cantan VY gz g 98-

Casvcleg t e

,,Jm,, & 3 ..qct‘., aryor ga Loy Oli Y8
g& ¥ a Wt wlia- s *!ifa a9l iy ©
dcc:f!m Ve

} M ye Uy vy WS ¢ Pl eg ﬂ*{%l-
%ﬁ*g ﬂrc ,Fd 154 V/cﬂ%?“a;)}gluco%lc‘.ﬂ 5
f‘ b gan gy oW s Qe U agcaldf $-

t*;ica. ICI Wcaich%gﬂatc LYip -‘;‘f catas gpi
A a' 1bcgweﬂ%- i w“-t*cncw W ht:%

N I uﬂ‘ﬂﬂ.t i}*lt d%

‘ia‘ . Ya‘b}j C*V e atv; 305m i Qot *"a

(201 3AP 063 03-

SN
T vn‘*})l';m q arye atcﬂ* AL aily oy e
V*,*J’t‘pl ld+ d ‘ﬂg/lo 101'%®80016256816000042.

43~
R!,‘7i, V:]‘». Cl‘]&
A, 8. 1994, dapa sl @t pl;'; oo ¢ t*CI‘%

e ol s gl 1 Wy fevewag ¢
‘*lcﬂplﬂc‘atq Chemlcc%golﬂo;gry 113, 191 204‘9
SarNrs 8y &R ¥ ®.p. 7. 2001 .bcuaagc ol
vyl g legreaig ¥ a. -au,“lm atep L
Journal o Pelrology 42,229 302. °
ASTIT o RS {8 & iy UNR U 200~ %
*g*‘i;.lzmgﬂ';m @tww alug «u*
af s ge vl OFCRCE A t*c!‘vuué ﬂo "y uﬂrcr‘
2 1 g LIYOS 97,2'™ 8.
ASTIT com. R,s..r‘UM,«R U. &pUNN3A AN, R
2002. ‘_u.ﬁ Jrﬁtt'idwqgt};m qtqu*h qt
UUAje, g cﬁ‘.ﬂ;‘ﬂgﬂi‘c' eV ¥ - Geology
30 ‘9*10
AV oA g ! N A, 7, N, WY | Uy {7 M‘
N —
g‘. LARA W &W\I’E!? Y. 20091A uﬁct‘
tgas i Yk B 3‘.*1 59“0,. Earth Accretion-

ary Systems in Space and Time (Cdl,. aw ¢ &
A ,vﬂﬂcv)tbl 1367w 318 g S gy Tadu,
1 ,
¥ E\W %5 ¥ ¥4 2002%e o FRTRE
studqi Hrcnd-* @ QiYes d a7 11 1 eA gy
i' ga o« nUbwesl Pea ang Wreg lesty ‘*V" w-
hGeoZoglcal Magazine 139, 1 13.
PR 11993.7 plvae U Y Yo g s
Sa e1 g ﬂudud‘q oCag *ﬂata -. t.‘q }3,
o aNZugd, Jad o A oY, Dlicag agS i §2CH, .1 gee Y la

Geologlcal Society of America B l etin 105, ' ™5 3’
ey '—‘M‘-‘ RW. 19K Ophiolites. "ew i Qi qg2ex -

2209kl
v I’fA‘ ﬁ &‘RUMM‘\ Nie 1993 Mf‘it"tg
gltqt cuad g ¢ 1J'cplaa't S AT t-bcz‘d .tq

vae ay, Jane. Geology 21, 54'=50.
‘ﬂy&! * lr‘ E&‘RU \ M' 1992.

The ge drul *W% %‘ﬂg\ w g vt b Ywent
cn,.aaaiaaadiuﬂruiten 1 R« Va-
jv» Journal of Geological Society, London 149, 569

Y, wf I3 &BUMTE T 1984, Iy 3 glegg asaylet-
F2a clgad Wi u-‘},%ya?:ﬂ-‘c gl epler g tyes

g Daty Yagy o aVaga. Contributions to Miner-
alogy an?Petrola ), 54 6.
9,1 B, &I (v e, 2 fJ 2003 Aps-ta oi’ﬂ' adaag
ﬂmﬂtauﬁcl‘q (2) avw o glatc (1 le‘{c
u ‘}'jlﬂui ad @f A ,. ‘Ophiolites in Earth
Ory (i1 V. r&R spf qr o )0l 43 68,
gy % oo T aga,Rlee g o
21% v ¥ d i?y iy
v, 1 T, - V&rueNmy 2011, gl w2 ca g iFE
c~t-¢agc wo aa -t- B gemlr aglugS a--

§ L e { cﬂc GeologlcalSoczetyofAmerzca
? 3841

Bulletm 12 1.

N, AL MNCVNe 8 e 4AN“ Ny 2N, Ny
Ve J. f &¥ UJY . N 2015. Toe U ages
%e RN e P e e a’“plb ¥

1 g S d col g Jegg eeq. Chmese

Journal of Geology 50, 140 54‘%.‘ h'ﬂcv&#' @g X4
2f7a ot).

LT &W % , R 2000. Sl
glq: R‘ ‘h i %AF gcad 'g an‘c

« ak. Ai’*@ag a‘pl‘i ew v Uggta) v ga se
the e adtcst.*ﬂ Y e e ‘J’-
Hlbae. C? ntributions to Mmera?:)gy and Petrology 140,
283 9.

FURNTe Y o 3 MeePN 3 &y Ty
iy ot @t el da plé
Wely podu goi thhos% 259

LI, T

‘.un\fj 1991. w%l a
Cs,w‘ﬂ;



438

Ny LT ANey & G AN, 2011. %
I e 4

..} tglca; %t‘% cag 4 TA 4&1 lé
Geologlcal Bulletin of China 30, 1508 13 (~ h‘cic

vE gifa ol).
AST EA\fﬁkg ML g BRRA, ‘NF,EMJ

&MUR,Y r. 2011 we .m Qu:% mcbg&‘
ag}a\ai aﬂct*c?’qq:,*q 9 av ag ) cweg gov cE
g9 at gi,ﬂn ; #? Geochimica et Cosmochimica
Acta 75, 504
¥ Ri’BRA“\E B eN WJ Ey, wof 1.3 &§ ..FMNN,
AW, 2001. cdt a‘u dHascod g A g
dgptlin tealat ﬂ;’ .gg o POV ¢ s g2
vler g {es. Nature 410, 6%~
rrrnw\& E SNewy Bog Ny e R 2002 My e
;e qatbtal r gc(Aﬂ.t .q.) 9/
plq:‘. ig‘icqlv o ‘Qfl*: 1. Chem‘z*cal Geologyl 2,
22'~35.
FM-WA- W. &J ,Y,' 19%. & Yee waga slep-
u*:dcﬂ*q 511 \Cﬂ%i‘vd ‘;)laJ'ctﬂaoc of q L
afaaud<'ia,y%‘? F AVNA S g Lge
& el Journal of Geo yszcalResearch Solid
Earth (1978 ’2012) 101, 11831 o.
¥ E N‘vu,,. & g RR ¥R 2000.Ag Af wPeag an’;ta yt
" E@C*a tagak eags sqilyg e 2"0a ¢4 -
edcn'at ana agc e 3 grUvw geatac
gcu s *c. Contributions to Mineralogy
andPet\Iology 139 2()8 26

Y uNew VU v X7 wUey & U 2012,
Fnlal‘glgdﬂglam atagc ,yar:aa a'.“pll' ¥
TAg

g agecv qa s i Wed g adc
g t caltcr‘J ‘ﬂ%&ﬂ “ug-g¢ & Geological Bul-
letin of Chtna 31, 126~"m (.‘ Jh‘cic W{* Fg -‘*

i,it;ast)

3T ‘A.n N My B sy, W,
.,AVJ &g T M2014y§.w% N il
‘;11#' 10y ey Prlgta regg , castea) Y gaar

(4~ Pageac). Chmese Sctence Bul etln (Chinese Ver-
sion) 59, 2213 22

yay N3UMCWUE T8y B3 2000 Ve g1 W

U&J‘Aw g (‘;ta-d Colaga I W

e . Transactions of the Royal Society of
Edmburgh Earth Sciences 91, 181 93.

VAN Mg & W NTES T 19%. hv o
wal *la'% ,“uma*w' L wcjii' ‘ﬂ?m,
K. iweslp al Shu . Journal of Petrology 31, 6™’

J-"A‘\f TU,‘ \ JAVV 4ANFF %, JR !i
vy LG A Vc & .2003. R, 3“‘ da g2’
‘;)1#‘ cuo Siad i‘ﬂ Lawy pl* - Earth
Sczence Frontter 10, 43

56 (ug &.‘cic w#‘ F; ¥

Lk'ua sl).
Jve, s AT . & Merer 2 2001,
ra'lﬂi ‘l e wal Yo vagy at*()lv a¢
1490 as ‘Gltdy Y4C [Dlugs 2 ¢¥
? “l‘q Fl ﬂ*ﬂ i y§er L 1. Journal ofPetrology42
655

whei W5 . 19%. gutagls 0¥ Dail{y &8 0‘4‘9167‘
w Glag g e owypl g ‘duot‘.-.ac ﬁn
Nature 380, 23~ 40.

TAwASR BT L 3, i'U,\ﬁ-' Muw § ?rum ,

< at*—lcsli ,*

7 UR sy B8, & M N§ 2000, 2

e colg & ﬂcg‘ catﬂ'cl{c astyer ¢ge
udu.t“ e grfc wﬂ “ﬂ slyg ¢ i Tectono-
%ystcs 326,255 638 : o

r,A»f r WA», r w A‘» rUA!&AI‘

Jg 2010a‘.c1§ ga c:*aad tht. *zg g s
we 850 Mivy ql?L;g‘cw;L .‘sfw bea
eV g ¢ [V g's ¢ U wdf $ toles

a‘dwﬁ eq & ge oo .‘IH%L ithos 114, 1°15.

X7 Aea Ny

M. X§ LUy, 3 sul, “4 w.“,rﬂv
r.y, A 20041-ﬂc~q.c Sl a¢ FRY * Lol gdatag8
wesla-gy 2y “%bw 96 a1 d
Pt ga e o0 h‘a Geologlc Magazzne 141,

225 31.
¢ Ne, V%, T r,U,Az,tg %, 3., ANs,
Jg . EA Mmm‘\‘ R,V Ny ‘FU._, ¥
, A L& Th ,g 2010b1pqga‘4go.~n ega o-
Pyt agl lq tiicvxvx nlg'gicq:q Y i cat
a;%* ¥ PR tyolesag ¢ U m age. Geostandards
and Geoanalyttcal Research 34, 1 k34
VIR ‘Er\‘v? }.NG N ¥ Ut ¥ U
NN P ‘f . ,U,)&f,,W X2013. g}u~§o. ,
a“di‘gﬂccﬂq.c mqy g Yig %
ageas ¢f ude ¥ tglea. Chinese SczenceBulletm
464~ 54,
P e %, & rer e, Mi2009. Testy g o awpbes
aq ﬂrc.at e ﬂ g e1g thh0s113 2 9.
, > v, JWA ,U,AU,
J.& % ,E\” ¥ .2010. Rwﬁplﬂaqm qtaduc‘ia @t
g *tglcaud fasc oo G lag %cs‘%
TA e M! Chinese Science Bulletin 55, 1535 46.
TU)W\V w- R 2003. Users Manual for Isoplot 3.00: A
Geochronologzcal Toolkit for Microsoft Excel. &f. e-

'e%\i‘-e oh;.' g% Q ley Sglc-i ’.'@l‘q 4,

i'UJ,A,A WYL Vg g ) g AN, Ny AN,
'} V./;‘?ATA:,J % AN, ;A.;N_;
Vc,‘ &y B 2018 The b a pll"*c
l
p‘uqthﬂJ 4 ggan (W Jr.‘af
i“blﬂa-lu dig 3ac seu cﬂult " aLE aad {I‘.
Pyt i tbe tesl g *cV cr.}',
"Gondwana Researchl % q v *C6M%2015 d -
10,1016/, 2015.04. ofa. "

MM} ReA 1M\ e g7 & 3T Gl g TSI d
aot*c v laga b,“ AWl American Journal of Science
274,32 355. °
NN pe. SSiy aUy L Mur iR & TR 199,
Sad ans au‘ igag 1 e Bt u'avxcn‘plb‘ ¥
(casterg pid o eagy). Geology 23, 85174,

= PRI o, A" 199 Structure of Ophiolites an\dI Dynamics

v ore

,AR&

of Oceanic thhosphere Y fgicet, e ! ct?gau I
V Uyer A w o s, 36"hl. :
U, 8. 1991 lugSaa g¥ 5 lewfiaslg olp scases
5 G ald sy ﬂ*gcn cV‘.@ (XS u*i i,%gplq:ﬁ 1*6!
Journal of Petrology 38, 104~
Nuj . . &aN ?U«th‘ 3 TV Az&;
: W? 2009a%c W Yo @-q n,‘b tagd
VI % oC i a plb Acta Pet-

rologzca Sinica 25 9 6 24 (p‘ h'c:c W#’ F; q&

It}att)
t , %G AN S fU,g. AN W‘;

"U,A N J 200 b) ¥ Vcﬁ'% gn clad W
Tabea qlby (¥ a0 2o, canto) 4 ggar, Pagd
Actd Petrologica Sinica 25, 1434 91 (s #egcte W #’

P X' Ilﬂaot)
F E u Ney . Y& W, X3 200

49‘ i’/33“ﬂ gc . g¥o be ut’ai’,gbtglﬂcnl}:c
< clas n‘;)lb* q%m-u ag ezvﬁc .“ Zabga, caslem
T Y gai, - “ug- & Aéta Petrologica Sinica 23, 162'~
34( P CICW 2fa o1).

NU, AP ‘E :‘“‘.\!E*;, i‘*t, e W BV, AL &34 §

T w.20020 Mg w%“b e & oewyl -Wa
adolew gaeag Tegl» P9 datanqdgo'y-
iy 4 Proceedings of the OCean DrlllmgProgram Sci-
entlﬁcResults vol. 176(qi § aads I3y 4
v W g &R, Va§ asa )bl 1 60. — L
t‘q , 16sad. v


http://dx.doi.org/10.1016/j.gr.2015.04.004

Age and geochemistry of the Zhaheba ophiolite

\IU'F CHAN Y

Sp AN A, 21 2008.
A XD Vq’% e ﬂ‘*blcﬂ- q’§IC|»7 l{u * gar. ey p‘
217 ct*;)l% 6y 4* a gl# ?
g ‘w .. Chmese Science Bu letm 14 2186 91
¥, V. gy g ,u..,l . 1F,UJ &T ERY %
2010 &gl o gl lw la.d tcoli iy SV se tlfc
“wa- als ﬂ'w 1 B2 by Gy

, h \I’V nea. Elthos 117,198 208.

™ ,‘, UrsuN Mg A & Uy, ,Am 200&‘%' 2%
Wwew n%' ‘aq“duot‘q -auf;cl‘q o gl en, 3 Ybey
h a§ tut.* al l} Qjjag - iy
aglia- scag Qane-ia w Yt Journal of Asian Earth
Sciences 30, 666 95.

p B By AL 2002\‘;6 wa Egcmlﬂv‘tg‘g ‘G ¢

o w Tl as PP
‘?csau&‘?u,“uo‘fm scag ¢ % {C thos‘100 ‘1‘4 48.
Be H A 2014,99 enqt”igcnplu g g
" 9. Elements 10?0?6;8 M M
P AL A & ,VIRR ¥, Y 2001. M‘g c1y aadcs{ci
AP A% g U, A agal {1 ate-
A-n'd'caa**Zi a Vawa *;'cq glge {C s J{cﬂ
"%V~.c Mada G ¢ aYcAi’obq. zu
d vy T eolef ga ct*plﬂ mm Contribution’ to
Mineralogy and Petrology 141,36 52.

., ,AV EATAy AR, 3B ATUW,T. &?A\I‘r‘\f,
V. 2013‘3‘-(: wal Wm.dglcw' %o &c,ycm a -
b ol .‘c (,ﬂa‘) “d, @.t‘ i e .‘lq:aoty

etwea Dagaye v g, " ecag aun‘ct , ad o

‘I%lcwlpl;jtz:l" uli'c‘g‘c-rcﬂ'% F

‘C\Jiondmi%na Research 23; 3?;2 411. N

QALY UR;R " ,g Ty . &

r‘ oA N oo 5 ‘; nla"; gtb; arq 1a Hi'
c*t G € gad g aif ? g, Zad -

< g1 1",0@6
W% pa Ug Wc:leﬁ Ydad 2 ‘(-“sﬂpl"ﬂ).
RAM AN Ml

Journal of Petrology 37,69 ’.96.
& E,!‘, w2013 8Wgasg -

8NTE Ml S, E 4"UN‘VA

& N, AN '

tl Z4€ le i A ole YIS ¢
3“ Uny gc*:bq ‘y &g‘cﬁmw@ﬂ‘%ﬂaf\
g,‘at‘q 3 e apwben gate test g 3w 1 Y
o d Precambrlan Research 231, 301 24.

8 NTed L ,A,A , WY ,T-UNv\f ET, ¥ BTT R
W & \I‘UA‘.‘.A T.2012. Tbe' teg 7‘?:“‘“.-
(o uug "1 r“tbcr.‘,.dg,;,,‘ g ages
agd "l g .dvxa.aanm'%Precambrian
Research 192-195, 1% 208.

WUy me Ay e M & ARNEY 1991 *.'-
. Y g etaseg o G lev gl sy R
‘“Zged ay as. Phll;sophlcal Transactions o he Royal

Soczely of London 335, 3%~ 9.
Y (,'), fAu,!‘ & WJJN MURER .
JHU“;,V ‘ur&W,Aww%;%r v

1}c1 Ay agjcag g t*cg aty Il'ﬂ
w#cﬂ%qa a¥au. Naturl 377,59 605;
eER moA D PN N3 A, . &?UR*M.N Ve 1993,
E ut ﬂfc,‘ @ & lesla $ s agCaudp ac 34
lﬁﬂ W Bbai Natureg64 299 307
!}E\‘ TR .:‘»,WAVE‘-Q . &A)Vc
2014 Y" ‘b@ (~440 )adaL S d CI
; or‘ aValg'tﬁc:lﬁicr.A a¥yo
R 2 g(v»cmn Yad) ;t-‘g
a;d‘ f v? *ﬁ T Wik ¢ e qirlui,,“iq
ﬁ" L thhos 200207, 234 51.
SR Ry 20 2. 8U u-t‘g % g e4. Reviews of Geophysics
40 3- 1 3 38
qu ,4»'?, .A.,,,]‘{‘R”AN'w WAVF

Ai 'iJA ,4».._‘? ,A,Au._ WY . &WU
2009 13;%.;: 3 *n*gc: dlyg o e Jr.‘csc

439

NI i P WL ehag gc~7§..¥ k-
r‘gl X ’pl 8§y 3. Science in China Series D — Earth
Sctences 52,1345 S8.

sUN, 8. 8 & Mg NUG, W1 1% b ¥ wd

& Lol Yty atge e v,t & Qat‘q 0
< ag c oy gl Iy ag g Vi ecuzeq. % mq\%sm in
the’Ocean Basin (egad ¥ . %'} dcﬂl Li

obl. 528 48\'91:’ ey ® S g% T ad e, s\;)lc.i‘)‘
a .42 '
ﬂuﬁﬂi!u,\l ,A,,A..\)/ M, X, X, K?gArv

N8 WUN & e N AL 2008. ;ﬁ, a.df
.‘1*31*“ Y geqagr Ly we bglac
ol esayeasuctyg aryob yl 1Yo Yol 4 #c
ae 3 %“Chemzcal Geology 247 352 3. '
“’; 3, v e, vy, w,)m,JJ §ANS &
r, U,“MZOOLAgcuud i ﬂ'ca; eV
Ciad e ﬂ'ci r:ll";)laﬂt yo1e 4 h
g Jlesta ¢ 1. Acta Petrologica Szmca 23
1933 44 (& h‘cscvx ng* 2t ol).
Wit R W,,V,\N ip. 9, Sy UILEY S . & %, U,
My 19%. Zge a9 e w¥its o 1<¥g§c “Yea
§ tolevar @ g 29 gt c9 ontributions
F to Mmemlogy and Petrology 133 Iy 11
vale Ty (Noy Wy N3TMT N e, 3
¥ ,A‘ F &WA‘ ,fu + 2006. g .‘g,plcw sa czq5
a‘d'dﬂ' 3 1% 1 ga *g't:ul‘q g5 e
Y ‘a-‘i,. PPwest Pea Wiyt 1 e
coli ev W asyelg a[&'ﬂ ga . Journal of
Geology 1T4 5 51.
WAVV!JAE\I?M \Ai,’ T ,,i.—,‘
W. &y AN T 2005 PR A 1«{,*«5 bl e
b*cchh@dﬁg Wi 0ol o Wik
Cag e a g Mg i ga ¢3¢t Lithos 110,359 'R
Wiy RNy rtﬁ“r & e Mir, e Ml2012 Twe
' A'ia‘.I ' Al‘.atcotg aud ev, aﬂ% -
d Val*cucV  Earth-Science Reviews 113, 303 41.
V{N¢ BTRY AL&TT Y AL 19XV W ¥ ¥
-m .‘at‘ d‘qm Masasgglang ﬂrcrzd‘cu-
(PR LIFROTE, PReg B FrYpo oy Chemical
/ Geology 20, 325 43.
VTR, R N ALRULY
% AN, Zo 2002, e utcﬂ e ¢ ge -
g% ﬂrcl;ia ﬂ ga, W b fcvx,'?goi agcda‘a
*tcotg Y Journalo Geology 110,29 39.
WU'; V. WU TRLT, ¥ 7. &TU'_,; . 2006.
v .‘. vearyo ‘e 3 uﬂ:’gﬂ ‘?l* WY el
3 Zad {atcot. 1y ﬁw .. Geology in China

S
33, 4"6 86( e1ew 2ta ot).
M’ UV/ W,Aﬁ'yt”.\‘ﬂ EAe

,,A'.,WJ ¥ AN
_“‘Vw,‘f Newr, u\],_g &TUJ
2014; \w a.%uut“r‘cl e ! Upoy a lu}Alq
,5 Sa ¢ g g Bt A.' g WealWag 1Y
{W J'g‘a)V Geosczence Frontiers 5,525 36.
A,,A , WY 5 AN i, sUN, 2 rNﬂr ‘E\“g.r.,
r,,,_r r,J f&"UN,32008< iy
- Y l“ “w-u;atqauﬁct‘qaﬂ% g‘;c:*
m} ‘o * g, ‘Vﬂ Vit 1 e tes-
ta G lr:; I‘\I‘ Journal of Asian Earth
Sczences 32 102 I'>
A,,Ar VAN W\rlﬁ;? Coar e N3 gy AN N

‘_

<U U

20131.;0 3 Y utﬂcaoqct‘qaﬂ%a.d Yw t¥#
testy §o 1bc *"CIC Ty g 1 Sa ,* age.
Gondwana Research 23, 1316 41.

A,,A‘_,WJ A 1A x. Sayar ,"“. NP I

‘, ,,V 7 &V N, L .2004.» % Qa u:ct‘q aﬂ%
g Vcﬁgq tiest g 1be: uiircn Algryg

alg1 oy & wib Aag. Journal of
Geologlcal ;goaety London 161, 33 42.



440

}';,A.._,y/.l W\Erﬂ\? .y WSS, 'g»‘ Ny
o Ny By T, U N "UN L& NT
2009a. Kdp o R e Th i ¢ low
Weasyet i‘aﬂ%gl? scncz*‘ e ﬂ%’ut}*a“ A’, E:z"

iy i e ge gYpar Yy W“.,?Jfa‘q}A*
ol o Wb, g g € gq% Az%
International Journal of Eartl Sczences 98 11 921>

X VI W\%r e300, N euN Mg N,
Mr Ny, § &Ny 1, 3N R Uy, i el
&"U\I 2009b oY R L ﬂcsrd Ut -

askclyg Oli scases we 3 Ubay “? a . American
Journal of Sciences 309,221 .

A ‘)I ANE 3T Me. 1993, Reglomfé Geology of the Xmﬂang
Uygur Autonomous Region. g
u o% Uzc«glpl 2 145(.‘;.» m) Sy ey

A,,“. _M' _HU‘F,)J &
‘ Vv ™. 2015‘ oy Ayada-the S ade-

lu“i‘qsa.d it ¥ © Yy iy ig tch

1 “ﬂ'cn A ga Gy qat‘i 14 Wepbya i
Calgt oI WP A ugd ga e a
Ay o ga *?;t Journal of Asian Earth Sciences
113, g ,

“—TU,-,;A, T. SA‘T._ ,Lu.‘, ffﬁi TR w., ,VW‘,

‘Q’.AR‘V, ., AV A\I”!‘ p &

\/E S, v‘.,.,t‘ V2012.A, 1 cambm‘ Ay 9 acd
wglir,q: vjo iy 3 Yo ag ““g‘
WdBC WM, 2§ taitasl ‘ ibliai FE ot‘.
ﬂgg' Gondwana Research 21, 246 65

'UAA .UV<,<;A Wf,,}i, ;E\IE r\f’s’
A,,A,A \ &fr N ZOOAA‘uuct‘g arYor ga cuq

Age and geochemistry of the Zhaheba ophiolite

tbe h‘cw} L I.gbtl R €3 ¢ G ¢F
. Chemical Geology 242 22 39 i
?up ,M VY, ; Ny T 3T & 2uN, Mioos.

.f g t st Y ggan (NW LTy

ge wal thaotcﬂit*la.d tests $ 4GP W1
Acta GeologlcaSznlca 80,254 63 (g h‘cuw{*ﬁg-
L
A0 ,f o T RAY A, .6 v, X g um‘.g.
&, r; 2003. Zge s % R, N LB A wPagy
R

e e 0%y i
Chinese Science Bu Iez‘zn 48, 2231 5.
- Al
GaNe, T N g 2 TU,;?,r,.p - & N,

W, 2013, Twer Ui Uy APy Y["‘ LR
ge v

ge wu *w%x@. U i, Y §tue
PR g, wi i ﬁgk\lcplﬂ e 3 A Qana'%
N ut} b thhos 179 263 ‘M.

ZMV;, g ZU¥ 3 Xy, W% O
A IR Az RF &Wﬂc,g \2012.RC\.‘“g
e | ﬂt.‘btcoti ‘,;i ‘g Wiy g ﬂt*cj.a,c 7 ¢
tcoti i ga& . Journal of Asian
Earth Sczences 52, 11~

FaN S&E\‘ NN L&
W, X A 2008. we .h;. g% FLW adaL*c

o i Sgggtud @-ama.‘u e .‘“r
olo-

ﬂrc,. c Miy s ni)duot‘q Acta Petr
gica Sinica 24, 1054 58 (& h‘csc vx#' F; ¥
gifa ol).

79T AL &y ART, 8. R 1986, bu ge qWas g
Annual Review of Earth and Planetary Sciences 14,
493 5.



	1. Introduction
	2. Regional geology, field observations and petrography
	3. Analytical procedures
	3.a. Zircon U-Pb dating and Hf-O isotope analysis
	3.b. Mineral analysis
	3.c. Whole-rock analysis

	4. Analytical results
	4.a. Zircon U-Pb ages
	4.b. Mineral compositions
	4.b.1. Spinel composition
	4.b.2. Pyroxene compositions

	4.c. Whole-rock elemental geochemistry
	4.c.1. Serpentinites and cumulates
	4.c.2. Basalts

	4.d. Whole-rock Sr-Nd and zircon Hf-O isotopes

	5. Discussion
	5.a. The individual members of the Zhaheba ophiolite
	5.b. Origin of the serpentinite and cumulates
	5.c. Petrogenesis of the Devonian basalts
	5.d. Implications for the Palaeozoic accretion process in eastern Junggar

	6. Conclusions
	Acknowledgements
	Supplementary material
	References

