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1. Intr% ucton

Oplis des, as we  as thedy mmem ely cquag erls,
whah' gewef: ‘y“‘u *ng sufe Z*mes m' (b
o s - m‘, ang au’lt-ﬁnai{y-l‘ypc **genm e (s
@b X o al 2008 Latel & Tisted, 2000 ¥ -
appa et al. 2012 Sawt”*sh et al. 2012, 2013 ,Saua!nq
et al. 2013), ¢ *nam a0p*Tiant m *TMatan 3 *ut paf-
L Me tang * the “scaras Mand ¢, the “sean '« “niamend
ﬂns Yinatatn pl”sess agy (I test mm ev” utaln
*I>genaes (Nay, 1997, @aw*%y et al. 2009 Xa* et al
2009q). @ assﬁ satalem * ‘ph-’l des has eem “me * the
mst anp flamt ssues w ~phat se sty & smeethe P
1”se symp*sam “w *pha dcs (@ emMaw, 1977, Nas-
> as, 1989 @ **s, 1993 Lhga fa b eral 20009 ak
Fowel. 2003 @aw sy o % J008 Bafve, 2014)
'y d Tesent synthess,® p& & Fulmes (2011)  assa
Q@ “phal des at” sE tl‘lg!'fgf’upg & niamenda mal-
g, Mg-"sean Tgge, plumc, supfa-sy g ustale 7z me
(SS™), v* sanm als gy’ aseetaivaly. Usamg anm” -
e clcmcnt ge*shemaily, Balse (2014)q mgg P

»

tAuh* 1 o *fTesp "y enee ,zohuapi ] 968@gmaf, om

> des al” lw* Maa types, ac. My ->scar-Tg ge type
allg SSAigge type. Fhe Mg ->scan g ge “pha des
van e SLhd agq " N-type, F-typearg  Rype “pha
‘li S, W Lfc the SSAiyge tyic ‘Phﬁ e molla e
a 8118‘ Usla -l alw type, " ak - .b dsa type ang
Tg.28-sy ¢ ustalm type.

Valatlis types » “phat de ¢ “mp Ses ale wge'yg
tmuly a the antfsl san @ "genm® e 1 (QlA ),
thg algest Ramel”Z"m aseletalmaty ‘i“lgcn a e
wHh (Semgot, atalm &' ufimar, 1993 Jahw, ‘{u
& édhcln, 2000 "1 ey et al. 2002 Xe* et al. 2004,
2009a) (Fag. 1a). The ages * these 'plu‘l des Tamge
1>m Verg sn 1> Ms*z>m, sy matang the “ng ev” u-
tatm bty * the @A® ( Xa* eral. 20094k \ phdm,

-y ey & StamF #.2012)." m easteln Jumggal, Whah
& *né ~ the m*st anp*Ttand seetalms * the eA® , SeV-
cfal]’pha‘] des have cem genls g ’yci'thc paslg “zem
yeals, aney ang, ihm s*uth 1> w*th, the Fe ame_;
Bhahe a Almantaq,Qn’thal aay ?ﬂlcfm‘ﬂl { des
( Xeahng® G M, 1993 Bhan er al. 2003 Yaan &t al.
2003° X&* et al. 2009a) (. |, ). Fh*ugh many sty -
s have cew sallag “ut “wihcse ‘ph.-’l des, thedg e-

taf_q 7K ass*emtalns, ge* ol ‘n‘l *gy, ge”shemastly
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Fagule 1. (a) Sshematm ge” “gma map * {he @entla Assarn 07 genm’ ¢ (GA® ) () gcnciﬁl =y gc) "gmq map * the @Laese

1

castefn Junggal ay 2t >gen sh wang theg qﬂfu < 'pha:l des a casteln Jungdal ay 4 ne the' Yash dutufe 7 ne my £g

a tcf\{ang et al. 2009).

ay tes"mm ae’Ip*fatan pi*eesses ale st p**1y
Ky~ (g o *wtl utatm, we Tep *ig eta eq > -
sefvatatns, pet/“gfaBlly, ages ay gc‘ohcrgitfy e
Bhale a “phat de o> mp & “w the w*fihelm malgam *
the Juhggaf telTane ‘# el 1> (1), etted uy efstarg the
aseletaln * oy lt_ll\ mem efs © (he eastelm Jumggal
teffane ag (%)ﬁco.p ref (b8 e “p*fatam pl*eess *
d lcfsc—typc 1"Ks anam ‘plutl Hcm \ ange.

2. Regjonal geology, ﬁe{1 observatjons and
petrography

The ®hahe a ’ph-fl de o mp & feplesents the w*fih-
westeln scbotatn > “he iha{\c a A Mardas “pha se
e l, whah &g U uly Sl'm he s*uthefn o
ol Eiys sutufe 2°ne a'a NV g destain (Fags |,
2). The mam 17Ks ey e selpentade, sumy att,
asa la ang csdm ava ary Ma’l(u ay sal kate.
e sumy ate e’y es £, 1> ayy ma*i pedimatim
gl i a? “seufsass gt‘ks ‘ld\kcsd (1 ulg
v V seve al tems 1> huy yq s * squale metles, Fhe
sumy ate mtﬁ} g selpewimac ut v o{ § Malga
has eem * sefvg (Fag. 3a). I“kg > selvalalms g en-
t{qb at ck§t 15qtum ate st K ambd‘;‘cs. Thﬁctscii-
pertadc of*ps *ut a the s*uthwest ag & stlustul-
al‘y mmaq at* the | *wel mem ef > (he? ey’ nan
bLS L dwy csim Sg alevialy shqucmc (I“,.g.‘ 2, see
> wangy eselgtatns). .uas-tna“‘y asq t stlaes 1
Slzh a englh ang ess tham 1M a0 w}dh sam_ ¢ seem
a {he sefpentade. @ vaus'y these, asa i stiades wele
stiiutufan‘y o 1 o (he elpentaie. The selpevtun-

de o> mp*ses > 90 % selpentane, wah M *1 Magmetde
ay spame (Fg. 3 ,s). Mgrctae genels v *eouls m
the Pssufts » he’sefpentae ag & the \y-piy ust *
sepentaaatan * g unde *1 hal ufgi.! (e.g. Mhang
etal. 2013).N*{e mt * e *1 *10>pyl*S eme was * -
selvy {han-se dtatnd. The ga  1” mam'y ¢ *mplses
p agats ase (40 T0%) ang o w Byl *Sene (30 50 %) as
we asmaT Hib o pyl*Seme (5 10%) ag “esasa
> Hae (I“ag.} ). Assess*fy manela s as ye Fe T
"S. es ayg zade’w. These 5um11 atcg sh”w a massae
stlustule ay ale mg mm glamg 1~ ¢*afse glamg
wah*ut s;gm{ sard g ¢ “Tmatan g 1> thel) q-
tefataln, wah the & seplaln * 1@1\1 schi_i:jn
p agas ase ay selpertmaatav > pyl*Sene a sev-
clf (ha-seetalms. The asa ta ang csdam v’ sarnm sq -
anewtafy sequense wa? Ped g wgy i the “welt”
Mgg. Y o ranTu *fadn lli Ke > matan eTP ) ay
1 "
\{cq Kaa Fimaten ) ay the uppel?® ey *nan
Janggesdyal *Imataw (J7) ( Wiawm er al. 2006). F* the
r>fibeast » the® ev *mamm sequemses ale @al “wael*us
V) sanm aste sg alewlaly stfata # ayt Potast wah
thk’ eV ran stfata. The T was g Sy
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a4” (hlee
mem efs au‘ﬁ ang 1* thed 1" *K ass”eatalns, whah
myyelu apy ofysia tu V‘U.m.(l‘aStl "Ks ay
- caf:}g sarg st*me (P.giZ). wihe, *wel trlcmk el
as sal “rale ems ¢’n Yy Cvelyang asa la

alg’rca}ig 1!ya wab * selvg , ’sr{mmg {hd typak S1fuo-
tui} catldes * a Qeam unt. Thag asllq :% cSda

ava athe FFhy  cenfes gnag alarem ef * (he
Ihahcba *pha de” esause * thead s *se spat icl a-
tafmsha ( ng‘.b G M, 1993)% b the® eV *nan



Age and geochemistry of the Zhaheba ophiolite 421

I:I volcaniclastic rocks

I:l greywacke and
volcaniclastic rocks

basalt and basaltic andesite

o volcaniclastic rocks

)

I]]I[l]]:l]]] volcaniclastic rocks,
basalts and basaltic andesite

tuff-bearing sandstones

N [ slneainls¥actokrs

[[ﬂ]]]:l]] tuff and crystal tuff

- serpentine

% diorite porphyrite/gabbro

Fagule 2. (@ “ul *n me) Ge* ‘gqﬂ map * the Ihahcba ‘pl\-‘] de o>mp & (mny -{lq a tel Nau et al. 2007, 20094 ay qung
$G M 1993) | 1 1
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ay spac.g) Fhega I” .ﬁma‘.};y MpSq ~ pagasase, s wpyiSeme ay manf il pyi>Sene. @5 olm‘pyf’ﬂcnc, M

magncmé o ik byf X eme plagltolasc, ,S}l)l S[;mcl. ,Slfp selpentae.



422

ay @l “ramcl*us v saram sq anewialy stfata afe -

1cnslc1§ 'l ag shw sehagt *se 188 tufe.

3. Analyftjcal proced ures

3.a. Zjrcon U-Pb N ang and Hf-O jsotope analys;s

Bds’ws wele sepafatg 1"m a ga 1> sampe
(2013AKEF01, 46°32 51“N, 89°2 49" F) agg a (U
samp e (2013AFF02,46°33 2“N, 89°2 36”% o> ee-
(] P the w agel m the *wel mem ef * wdlrr
s *w sepalatale was saflag “ut usmgb oryventan
magmeim ary g cnsdy leshmaques. Tl *n glams wel
them hayy -paK g ury ef % m‘ui al M >se*pe. Tads *n
glads ayg zde nie cfcmc‘stam af s wele m*umiy
ep’Sy m*umts, whah wele thew p” shg 1* sestaln
the ofysta s 1 angyss. A} zds*ns Weleg *sumenigy
Wil\tfan:lmitq ay % co% ght Mmai>giaphs as we
as salhy * umaesschee (QP‘) anages 1> fevea thed
wteing stiustufes. Tds *n ages agg A i'l'pl m-
p‘si;jns wele ana'ysy usag the asel'a atalway ust-
ey e*up g D :gnatMSS spest metfyLAL @ P M)
mc}th‘d atthe 'l"qngf wstaute > Ge* “gyarg  Meels

Res*ufses, @hamcse Ge” “gm Sufvey. The d Clamgy
aml‘ytq pi‘o? ules have cchg “sumeniy a Gong
et al. (2011). #* &*”pes kvcic amg'ysq  the same
sp*t as usy ihe U P ama‘ysés.Y ata fq ustaln
was pel’ ‘fmg > - ame ‘ybl P Y ala @ (Faetal
2010) ang Js‘p " (].Lla bwg, 2003), The wesghty mean
ages ale qu”tg at the 95% o mig emec_eve . Taden
U Pageq ataay ;4 ®1"pe «*mp ‘sigl(ns gfc lg
a0 "% e Supp ementaly Micim Ta e Slay “nae
Sup[} cmcmtaf} Micls Ta ¢ §2, ;kgpcomc‘y, aéaf;
1S L‘t hitp //.juﬁnal s.eam Hgg. g/ge”. |

Tde *n *Sygem ﬁ’t‘pc wele Measulg usang the

Cancea’ M 12808 Matihe’ mstaute > Ge* *gyay
Ge’pligsms, @haese Asg ey * Segrees &P caprg,
wah ang\yim pl*eg u?cs s “1* th”se fcp‘ii?
y Laef al. (2010a). Masuly' @/'°@ fatals wele
o0 g 'y usag Varra Stagg aff  Mar @scan
Vate's *mp¥saatns (VS MV, 10/'@ = 0.0020052),
ay thew o> fiestg  *1the mstihmcmlal mass Tastaln-
atgw ast”l (W) usag Bng amzdi’ns as a fe ef-
ewee stay afj wah a 3@ v ic > 531 %0 (Fmet al.
20105). Fem measufemends > a‘lhc Qughu zds *n stayg -
af ¢ Wag the o*ufse * tha st Yy @ weaghty
mean 35@ > 5.44+0.21 %o (2; ), whash & ¢ *msal-
end wailian ef7*1s wah the fep ‘ftq vaue * 5.4+0.2 %o
(Cmet al. 2013). Tds *n *Sygen &1 pmg ata ale g
2 “w ame Supp ementafy Mtd:ﬁL Tab eS3 avaf{ cal
hitp y/g‘ufml g san, Tgge.1g/ge”. | |

3.b. Mjneral analys;s

Miela «mp*siatns wele d ctcfmmq “n p” by
{han-sestalns usag am aut’matg JE@L 8800 ¢ eo-
Pn mal”pl> ¢ equapy wah Tve wave c}lgth
spesti “metefs h the Guargzh*u' mstdute * Ge”shem-
=y, Clmqsc Avgy emy * Seamecs. Opelatag o n-
4 4=ins wele 15K eV assg elatang V‘ltagc ay 15wA
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eam suffent wah 20 s ¢unimg tane. Repleseni-
Lae mqlcfal 'gqﬂ FELE! ale sl . “wae Sup-
p ementafy Ml Ta es Y ay S5 avapg © at
tetp igufng s.vam ‘f.g}.l‘fg/gc‘. |

3.c. Whole-rock analysjs

Vi e" K magl- ay Uase-¢ emMent o> mp saialns
wcfclaml‘ysq at the Guawgzh*u" nstdute * Ge*shem-
sy, @Limese Asgy ety > Semgmecs. Mg ¢ ements
wele anl‘ysq usag a RagKu B8 XAOOC Rl ‘“ w-
g the arawima plPeg ulesy esolmg v Famer al.
(2004). A ‘yta% plessatr & gcngil‘yb etted thawm
2%. Tlase & eménis wele ama‘ys W 2 2K -
E mef SoaS \ELAN 6000 @ ; Mg > wang plteg -
ésd esel, Q@ Y Faer al. (2004). lh‘ugh‘y 50 mg
samp e p‘éc. 1*m eash samp ¢ chcd As‘ vy
hagh- fess c:.rr no tm susméaﬂr +AN®; mE-
tufe. Aw amtefma sta S” ulalm ¢ *rlamang sag e
e ement Rhiwas usg * m‘m{‘fs.ngmald Tp1g wimg an
untang. The USGS stan aff 53 @R e ;-

. ; uaﬁs.! 1, \W-2ay G-2,
ayy the @haese Natltlnal starg aff s GSR-1 ayy GSR-
3, weleusg 1 % Tatag ¢ ement o “meentfatans *
measulg samp es.” k-fur ana‘ylmg plessaln ‘{ m=st
clcmcnts was_ ettel tham 3 5%. Fhe anal‘ytqal icsq (s
ale sl - el

gamp es "IN, S &*t’pm measulements wele
spk;q a4 is‘lvq oF *n *m swah AT +HANe;
asg, ay thew scpafatg 1} .h'l\/clt-l; sataln-
& shamge teshrajues. The &1 *pm Measulements wele
pel *fmg “w a Mf*mass "s*p/> ¢ m tms est”l
sy Uslie'y o”up g P asma mass s‘f)coﬂ“ ctcr} ( M-
‘e r M)‘ at the Sta&: ¥y La *lat*fy > @1 e-
p”saGe”shematly, nstaute * }vc‘ohcmﬂtfy, @hacse
Asg ey > Semmees. FTheg ctamg pl-eg ulehas een
a csolmq |y Faet al. (2004). Fle measuly s g Mgy
ay PN TN Jatats afe e 1> SIS =
0.1194 apg "N /4Ny = 0.7219, Jespestaeyy. Fhe
measuly SIS avelage fatals wele 0.710288 I
the N8 S9RY stary af awy 0705069 *1% @R-1, ay
the "Ny /"N avelage Jatats wele 0.512104 *1IN =
Lay 0512671 *f3 @R-1. Fhe a ‘ytq; fcswts ay
' oy alg palametefs ale L ';'%.1 e 2.

4. Analyf; cal results
4.a. Zjrcon U-Pb ages

Bdens 1*m the ga 1> samp e afe Uinsluocm ay
o ~ul ess. Mst gfalg ale shol plamats wah engths
faqu}g 17m 100 ¢* 150 puim arg aspest fata’s Jangag
Pmll*21'ner anages, the zde ns g &p 2y
wge “semal*fy 2’ nag, catules shalastelstm * L.
oCmS a1 r. magmats 7K s (see mset * g 4a).
Thaty angyyses wele o2p usly wtha sammp e, ay
the fesy ts'sh*w v e U (22 123 ppm) agg Fh (8

57 ppm) ¢ *wients wah Th/U fatals Tangag 1°m 0.4
1> 0.8. Twenty-seven anal‘yscs w30 zds nsy d @
o “nsaient fCSLLlS wah a " e ant age wahan anal‘yt-
qal elf*fapy a weghty Meamage » 485.8+2.5 M



T%l el. Gc‘shcmq1 o Mpsiatns * the selpentmabe, outt'tul ale ang . asq ts I*mhe ihahcb a ‘phﬁ e o‘tl‘lpl &

Samp e 2013AFF01-1 2013AXF01-3 20132AKF01-4 2013AFF01-5 2013AFF01-6 2013AFF01-7 2013AXF01-8 2013AET01A 1 2013ALT0 142 2013ALT0144
R-Klype s P G s» s » s» sP s P G G G
Major elements (%)
S8, 38.70 48.20 39.41 38.62 39.22 39.82 39.05 4v.22 46.48 51.2v
T, 0.05 0.20 0.05 0.05 0.04 0.05 0.04 0.14 0.12 0.27
“1203 0.61 1.96 1.04 0.67 0.90 0.74 0.90 18.28 19.64 19.33
re,e; 8.44 4.68 .87 9.36 .57 1.16 1.84 3.67 3.24 3.89
Me 0.08 0.10 0.11 0.11 0.11 0.09 0.11 0.08 0.07 0.08
Ne 38.21 24.59 38.82 371.89 39.09 39.31 38.44 10.04 9.03 5.89

aorydo vqayvyy ayj Jo L41S1u2y2023 puv 23}

144



T 1. @ nt
Mc @ rimug

Samp e 2013AEF01-1 2013AFF01-3  20132AKF01-4  2013AFF01-5 2013AFF01-6  2013AKF01-Y 2013AFF01-8  2013AEFFOIA1  2013AFFOIA2  2013AFF0144
R-Klyype s ¢! s» s» s» s» s» G G G
Tm 0.005 0.064 0.008 0.005 0.009 0.003 0.003 0.051 0.044 0.222
\E' 0.021 0.347 0.044 0.042 0.012 0.031 0.033 0.310 0.257 1.450
b 0.004 0.047 0.007 0.008 0.011 0.005 0.005 0.049 0.043 0.219
A 0.011 0.232 0.036 0.044 0.012 0.034 0.008 0.123 0.090 0.993
T 0.090 0.036 0.038 0.037 0.068 0.026 0.025 0.046 0.031 0.067
vf 0.268 1710 6.600 1.880 0.993 0.233 1.150 1.570 0.516 0.195
» 0.406 0.092 0.127 0.112 0.099 0.199 0.054 0.168 0.191 0.695
™ 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 0.094 0.079 0.066 0.042 0.0v3
samp e 2013AFF01AS  2013AKT01A6  2013AKTOIAY  2013AFTOIAS  2013ARTO1A9  2013AEF0342  2013AFT03A3  2013AFF0344  2013AFT0345  2013AXF0143
R-Kleype G G % (G1) % A (G1) % (G1) % (G1) ¥ (G % (G % (G % (G2
Major elements (%)
S, 49.17 45.87 48.79 53.19 51.91 50.40 50.54 50.52 51.22 5231
T2 0.34 0.15 1.40 1.24 1.31 1.70 1.63 1.31 117 0.33
205 18.99 19.58 16.59 16.19 15.93 15.87 16.16 15.55 15.48 19.61
rL,e; 4.52 3.34 .88 .11 v.43 .09 9.50 9.42 .82 3.44
0.09 0.08 0.11 0.10 0.11 0.13 0.11 0.14 0.12 0.0v
6.87 1.42 4.80 428 4.41 5.89 3.29 6.06 .14 4.88
€0 11.03 12.61 6.22 5.5 6.39 6.15 4.52 v.49 8.26 $.90
Na,® 4.86 .38 8.12 8.39 8.00 4.52 131 4.80 4.08 .11
Y ) 0.13 0.11 0.39 0.31 0.42 2.04 0.33 1.2 2.03 0.17
205 0.04 0.02 0.62 0.62 0.65 0.74 0.69 0.47 0.44 0.04
L 3.2 3.26 4.24 2.54 2.93 221 5.14 2.65 1.93 2.19
TOT 9975 9982 99.16 99.70 99 49 99.40 9981 99.67 99.68 9911
K 4.98 .49 911 8.70 8.42 6.56 v.64 6.01 6.11 1.29
M 5 81 55 54 54 56 41 56 64 14
Trace elements (ppm)
Fa 9.09 4.95 1.16 1.12 1.47 9.08 40.4 5.29 6.82 571
e 0.229 0.135 1.284 1.683 1.316 1.953 1.034 1.100 0.575 0.629
Ss 25.0 23.8 18.6 1.5 1.5 15 19.2 252 18.9 17.0
v 118 83.7 186 166 172 227 229 254 187 15
e/ 34. 163 60.5 62.6 64.1 116 18.9 9.7 203 23.
e 24.2 21.6 26.9 23.6 24.6 21.8 28.5 28.0 28.0 16.4
Na LYR] 175 63.6 50.v 51.4 6.8 21 513 132 111

vy
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TM cl. @ rimuy

samp ¢ 2013AKT01A5  2013AFF01A6  2013AXFOIAY  2013ALT01A8  2013AKT01A9  2013AFF0342  2013AKT0343  2013AKT0344  2013AKF0345  2013AEF01A3
K-kl oype G G ¥ (GD ¥ AGD ¥ (Gl ¥ (GD ¥ (Gl ¥ (Gl ¥ (Gl ¥ (62
Ta 3.97 1.20 39.60 46.70 4130 23.40 43.00 25.20 32.90 6.56

aorydo vqayvyy ayj Jo L41S1u2y2023 puv 23}

Y44



Tauc 1. @ rimug

saip e 2013AFF01;4 11 2013ALT02|JI 2013AVF02;42 2013AFT03;41 2013AFF03;46 2013AVF01;4 10 0406 0424 04729 037
R-Kltype % (G2) % (G2) % (G2) % (G % (G % (G2) % A (G]) % (G1) % (G1) % A (G)
Trace elements (me)
L, 19.4 36.9 0.4 26.0 324 11.9 / / / /
e 0.395 0.153 0.358 1.198 0.947 0.468 / / / /
Ss 32.5 332 34.5 25.1 26.3 32.1 13.4 20.5 1. 20.3
% 194 203 217 331 341 195 144 184 214 265
e/ 56.5 442 418 19.8 222 53.8 158 162 214 265
[ 34. 31.5 38.3 23.1 24.8 33.8 20.6 30.9 28.9 20.2
Na 66.4 84.6 6.4 25.4 21.1 66.6 $9.1 114 15.5 1.02
eu 96.49 236.4 256.7 205.4 208.9 114.20 / / / /
Top, 48.0 44.1 49.0 9.9 103 44.1 / / / /
Ga 12.0 11.1 11.2 14.7 13.6 12.0 / / / /
R 0.589 1.420 1.070 3.130 3.270 0.583 4.9 18.1 22.0 17.2
¥ o] 1150 959 210 249 686 ol 831 1118 16
Y 13.0 13.0 13.2 21.1 22.9 12.5 13.2 13.2 14.7 20.1
w 54.9 423 41.5 144 154 52.8 243 133 164 151
1.299 0.847 0.855 11.315 11.985 1.257 20.2 12,y 21.9 12.2
} 0.025 0.030 0.027 0.051 0.052 0.028 / / / /
Sw 0.381 0.286 0.328 1.560 1.450 0.360 / / / /
@ 0.288 1.Y20 1.030 0.365 0.406 0.336 / / / /
%a 117 312 346 825 507 84.3 / / / /
La 10.70 7.840 1.610 26.40 26.80 10.50 30.6 322 40.1 26.4
o 23.00 18.90 18.40 51.50 54.10 22.30 51.8 62.9 823 52.5
Hd 2.170 2.520 2.510 5.150 6.180 2.670 6.91 .84 10.5 6.4
N 11.80 11.70 11.60 22.30 24.30 11.60 21.5 312 43.1 24.4
Sm 2.540 2.100 2.690 4.490 4.700 2.370 4.59 5.28 6.89 485
Fu 0.896 0.918 0.970 1.163 1.257 0.883 1.45 1.58 2.0 1.03
G 2.480 2.813 2.154 4.149 4.469 2.522 3.56 4.01 5.35 4.23
¥ 0.396 0.389 0.397 0.612 0.660 0.384 0.49 0.54 0.64 0.63
ey 2.180 2.150 2.220 3.420 3.680 2.130 2.57 2,17 3.24 3.5
. 0.468 0.446 0.444 0.728 0.159 0.468 0.49 0.52 0.59 0.18
By 1.350 1.230 1.240 2.120 2.290 1.310 1.32 1.31 1.45 2.25
T 0.190 0.169 0.175 0.304 0.328 0.194 0.19 0.2 0.2 0.34
‘E' 1.210 1.050 1.120 1.960 2.110 1210 1.25 1.23 1.24 2.13
E 0.1v4 0.164 0.165 0.291 0.323 0.173 0.20 0.1v 0.1v 0.34
A 1.390 0.941 1.040 3.290 3.510 1.460 5.31 321 4.16 3.12
T 0.084 0.062 0.051 0.597 0.644 0.079 1.35 0.68 1.16 0.68
\f 0.151 2.09 1.50 2.15 1.88 0.33 / / / /
» 0.394 0.206 0.200 45.20 35.10 0.417 8.13 8.01 4.18 21.06
™ 1.9%0 0.761 0.v17 $.860 9.290 1.980 4.50 2.63 3.20 941
u 0.500 0.304 0.302 2.830 3.480 0.501 1.79 0.67 1.46 2.59

N*tes S P selpenimie G aL

Y ata

A samp es 0406, 04267

b4129 alh 0 11v )

L ang esde / uy cfd ctcttafm A,

Naj et al. (2009a).

9ty
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Tau e 2. ST N &7 pa o> Mp saatns * thcb asy s 1*m the ’Fhal\cb aalea
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Rk R S YR s8] &Sl sSm 14 §yn/ 8N/ (BN /e
Samp ¢ woe (o) Gpm) NH ¥Si(lo) WS, Gpm) ey M N (o) END. ()
2013ALF0IA3 ¥ asa 1(G2) 0.36 392 0.002Y 0.v04030(29) 0.104015 249 10.8 0.1394 0.512839(40) 0.512474 6.9
2013AETO1A10 ¥ asd ¢ (G2) 0.58 686 0.0024 0.v04v59(23) 0.104v45 23v 11.6 0.1235 0.512809(43) 0.512486 1.1
2013AFF03A1 ¥ asg1(Gl) 3.13 270 0.0335 0.106324(20) 0.v06133 4.49 223 0.1217 0.512533(4Y) 0.512214 1.8
2013AKT0342 % asd ((G1) 2.8 1320 0.0063 0.104289(20) 0.704255 4.95 28.6 0.1046 0.512719(51) 0.512445 6.3
2013ALT03A3 % asd1(G1) 8.06 516 0.0452 0.105368(43) 0.705111 59T 369 0.0978 0.512v07(30) 0.512450 6.4
2013AKT03A4 % asd ((G1) 9.65 1480 0.0189 0.104227(51) 0.704120 4.55 24.5 0.1123 0.512803(53) 0.512509 7.5

ex () = 10000(("*Ny /N s@O/CEN /"N adur()—1) e (1) ang (”Sﬂ“SfLVﬁucs > the asq (s 1*m the ihahcbaafca ale
ic.al -ul alg usang the age * 401 N »
e
- a) Age=485.8+2.5 Ma
MSWD=3.1
0.10
=
% 0.08
—_—
= :
= B
: gl
0.06 £, =
= ol |
0.04
0.3 0.5 0.7 0.9
"Ph/L
0.10 b) 600
- __m"“_..
0 - et L
0.08 [ntercept Age o \ h
401.4+1.6 P —
MSWD=1.% 400 .
= 0.06 2
3 300
Fi- Rej d =
s 0.04 1Y
200 r/\—- -
0.02 | _| it
100 '~\J 0.¢ i
U/ Pl
0.00
0.0 0.2 0.4 0.6 0.8 1.0
27 ph /P

Fagulc 4. (@ *ul “n ac) @ ne”| -p s U

g ata T zdews P mithe 2, 1*s * the ihahcb a ‘phﬁ de ayg 1he® v rantu .

» 1 N
Eiy fc“ ases afe at {o ay age urscliamty & quly at2o (mcann)l evg -

(Fag. 4a w = 27, M‘{.‘ = 3.1). Tha& age & ¢’ n-
salent wah a pfcv-tui‘y fep*fig 489+4 M zde*n
Sﬂﬂ MPU P age M ihe ayely 2, 1> 1*m the
Bale a “phase (Vam et al'2003).  *°

Tod 0 ;f}n the tu  samp ¢ ale tlamspalent ag
i 'uil"css, fangag 1m 100 1”200 pm - ength wah

ength/wgthfatals * 1 3. Ave’} mgt” @ anage ca-
ules, the zds *n glams san oy wg.q i* tw” g”ups.
Gi*up 1 (G1) zds*ms, ase ‘hntmg 3' *ut10% * the
*1g zae ms g p dy wge *sepal g 1p anal 7 nag,
smjr;! 1* th*se Zds ms ofysia gy 1 s mag-

mas. The *thef gf*up (G2) & hf.utc‘l umeal” >Ims ay
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*sem at Ky 7z mang, shalamg eatufes wah zas *ns ofys-
4, =g 1" s Magmas (G2, see mset ~ Fag. 4 ).
TWenty-nane argyyses wele pel *Img wzde’ws 1°m
the tu samp e.” Am~*mg these, caght sp*ts *m the G2
zds " s ‘y.ii‘lq ~o el ages fangag 17 m 450 M~
500 M ay ale ldlc‘y 1> eSen*ofysts. The *thel
21 angyses pel’ Yind n te G1 zde ns gty o n-
salent 2% ® 23U ages wah a wesghty mean age *
4012 N MVD =33) @wang t” they &s*f anse
tween 2 P 28U agesay 2" B U ages, the Fela-
Kfassd' ulg Lnelse @ me g ?qgfam‘y.-i! sa “wel
mtcfocbt age ~ 4014+ 1.61( My L 1.81) (see
asell * Tag. 4 ), whash & ¢ *weuffend wah the 20 @
U wesghty hean age. Thag age & ¢ “nssient wah Re
‘Sst “urg athe .a{ *nate ( Xemarg? G M, 1993).

4.b. M;jneral compos; t;ons
4.b.1. Spinel composition

Assess*fy shi*mawm spae s “eeul a the sefpentase
(Fag. 3 ). Mst glaas afe'100 1> 300 pm af*ss. Fhe
anagytqal fcsq 1s (*w e Suppl emenialy Mielg Ta e
S4avama  eathip /}ajuf s.eam ff_gc.‘fg/gc ) sl w
that thé Pare s have hagh €1,0,.Tc@ ayy A ,@; ¢>»-
tewmts, vals Ne, ayg  Cw N ayy T, ¢ nients.
The maned lshcmitfy sh 1vvs {hat these planaty spae s
ale sL*maw spac s wah @1 w>. (100 @1/(@1+ .AL‘))
fangag 1"m441>60ay Mw> (100 M/( M+TY))
17m 25 t* 61. The ¢ Mp~saéalra valmtan ¢* e
*wang 1> edhel atef stage me t/i:li. atelastalns a -y
p’st-magmatas pl*sess (@h'er al. 2010). The umeven
sul‘ase (S tule > the spames * selvg uyg el ak-
sealtely ¢ esti”n § SE) .i:hagkmg suggests p*Ssm ¢
me t fastaln e “fe the emp asement * the mart e
fc:lt_uc (Mhawg et al. 2013).

4.b.2. Pyroxene compositions

The *ih>pyi™Serne & enslatde ay has a Jathel
h*m*gene*us o*mp’sésm (Emw = 84 86). The
o mpyi*Senes o thak sty have vely “w T, ¢*n-
t%nls Lcss thaw 0.5%) ang thed she S Mp“sa
tatws ale s 1> that > 4 &psge (“n e Supp e-
mentafy Micls Ta e S5 avama e at htltp //._,‘ufm}l S.
sam ftgc.‘fg/‘; ‘)th . emes 17m the su-
m11 tes have ¢ msstent o]hcm.Q ¢ Mp*séans wah
41749 m”~ . \*, 46 55 m”~ . ayg 1 v m> Fs
(Fag. 5a). 'h\ey sh*w n‘n-alk.la] e Tat-1e alg edtutes
ase ] mg 1> thed A12.3, S, ayy T8, ¢wiewts
(Fa.5, . 0).

4.c. Whole-rock elemental geochem; stry
4.c.1. Serpentinites and cumulates

The selpentades have vely hagh *ss “n sgribaln e

(> 12 %, whash & ¢ *nsstent will the mdensae selpend-

anarataln) ang ) ‘w S8, (l ess tham 40 %), A ,@; (Mm*st'y
ess thaw 1.0%), »@®'(0.03 0.06%), Na,® (0.0
92 %) ang T49,(0.04 0.05%). Ne ag Fe, @57 o n-

X.7. YEANY @TAERS

Wo
4 |
Diopside Hedenbergite _
Augite a)
Pigeonite

Fgule 5. (@ “ul’ *n me) (a) V> En s 4 wglam sh>wang
the «*mMp*samms * lic o #*pyi*Sene I*m g%} 1*s 1"m the

Rhalc 2 “pla de. %) S, (WL%) . A (%) ay (AN
(pci.ckntagc * Yeda 9 fal sdes “soupsg 9 A x) v. T, (WL 70)
- ‘l m‘pyf’& ene I”m gabb s 1" mihe hhahc:b a ‘phﬁ e,

tenis'y M s fangag 1M 891~ 91 (Fa ¢ 1). On
the AaK'ely mglam, n* squgn.!f sant o 1T at-;x etween
»*. wah thel masT ¢ ements % * Acqu %I“ £ 6).
Fhey have fe atac'y hagh 8793 103 Bpm) an  ~wNa
aients (5§ ppr) (¥4, ¢ 1). The lugh re (= 12{%)
ay  "wNa,@, @ az} ba. ¢ “nicnds suggest s s-
aml hﬂ 1*thef telatan whash altciq the *lag
ordent * s*me magd ¢ emends (Na, Fayy @a)aswe
as the afge &n ath‘pll e e emends (F? I?Es) (e.g. .‘l‘{“,
Sfaq‘.a a). lﬁ}’cvcf sIoclthcfc &n mak.q NI
atalw * F.ll wih Mo, A .0, e, 0" ay T, we
a el (hat thefe was »” signi sant > mdy > thesee e-
mentsg ulamg the g I ‘ﬂ\cfmal ;\tchtlfn. Thus, tlx&gc
c emends sam cusq 1 ufiliely seussans > petd-
eness. The sk:fpcntmi.cs have vefy *wi*ta Tafe eafih
e ement (REE) g m”st hgh—”uc l-stfcng h e ement
FSE) «*nients (Fa e 1). ;4 *wevel, they sh‘kv o n-
satent U-shapg shy fde-n* my gy REE pattefns
(Fag. 1), shalag m*st e:;}tufcs ~! halz ulgdes i;tm
“phat de o« *mp &es ( s, 2014 *tl¥the sh*wy Tde
ay the pfi_ni.kc man( ¢ 14 ues a1® *m Sun &‘ﬂ N-
¥ “w*ugh, 1989).
The ga 1*m sumyates have S, Tangmg
Pm 45.8¥% 1> 51.27%, ang o 4D dy Vafq% e
Fe,®," (3.24 4.68%), A,®; (183 196%, & &
samp ¢ 2013AKF01-3), €2@ (9.54 15.42%), T®,
0.12 0.34%), Na,® (2.91 1.38%, & sept samp e
2013AKF01-3) ayg 1@ (0.1 0.46%) “wang 1* ofgs-
1a| Tastalwatale ang /1 Oumli alalm ¢ esls (Tablc 1).
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ragule 6. (@* *ul *n ae)dak of valmtatng mglam *{the asq (s ay K efat pligles ( Mn*. v. S8, N2, @, 0, T8, e, 0", Al ,0;,
@20, @/, Nsa H)'( *uf samp es fep*fig Wy Nay et al. 20094 afe {s" Mg A the magi q emends).

N> SM sant o flc ataw etween M w*. ay ma- Tak}c 1). @wang 1* Vafnuc lig 1*thef? tefatam,

&1 ¢ ements was * scqub *n the daK ef § mglams ny AN me e Mpats ¢ ¢ ements wele usg T
1 [ »a REE .» Moo L vata® /
(T=. 6). The sumy Ates have vals e 11 e 4 ASSa sataln O the Yv. /T, g sglam, the
tents fangang 17m’S ppm 1> 41 ppit, arg n aslts van cq wgq 7 tw” sy gl*ups, =e. the & -
R, de Y 1 (G1) agg siﬂ]( me Gi*up 2 (G2).
1w

satend sh’y Tde-nima mg REE pattefns wah aght
REE (PREE) endmhment ((Fa/ YY)y = 1.3 2.8 ang Am’ng the G2 samp es, samp es stiggq, ¢ the
pIP v ureg pPsdae Fuar ma 2 (Fu/Fu =1.1 2.2). “uy afy | ctween asa t ag ay clie  asa lm an-
Samp ¢ 2013AF01-3 shws & hurpy REE pattei, Pesie P 80)3 M Gl ay G2 Shada th* cabm
p‘ss;l‘yd ue t*the h*fw eng ee est. Fhe h*fn ey es ey *nihe Te®'/ MO \. T8, aglal (Fg. 87). On
ale Moclvy a the (hosetatn. On the plb e- the ﬂakcfd mglams, S, F'e, 0", PO, T‘JS{ -l
man® ( PMwrimg g mo‘mpatnc ement § - ay Th aslease whf_c @0 ay A ,0;, celease wal
glaml (Tag. 7), & (he sumy ates ale®shalastelmg vy g cofeasmg M > V1 ihe Gl a‘s&ts. As *1the G2
sgn{oant mcgal e )\}nanjmllzs Fa =02 0.4) asats, P@;, T, ’lfav‘ Thk_ufc se wialyy cecasang
e ‘!ﬂall: > a)STay Fu. . MGL‘ (Fa. 6).
The G1 asq ts have fe almgy hagh t‘tal REE ¢*p-
tents fangRg T 124 ppm 121205 ppm whae the G2
asacl ts have 50 ppm1* 60 ppm t‘t% REEs. G1. asa ts
The asq ls any ay csdm  as Ly have S, fangmg fay chvatq EREEs wah (Fa/ ), etween 10 :\“
7 ® 434150, 1> 5v.6502 (mspy ess than S2%, 30 (mYspy 3 “ve 20) ag show iy Bate wegatae (-

ay Vafqu € P Skl

4.c.2. Basalts
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serpentinite

X.T. YEANY oTHdERS

A serpentinite
]“I

Fgule 7. (@ *ul “n ac) @b’y l:i.c-n‘ﬁrﬁ .1? REE pattefns ay planssc mang c—n‘fmﬂ =y qu‘mpata e tase-e ement My ta
s

¢ ementy sglams *T'he sefpentande g,
*m Sun & NP *wugh (1989).

ght p’séaec Fu an’ma s (Fu/Fu = 0.70 1.14)
?F 2. 7). The G2 asg s have fchaticl‘? at REE pat-
tefms wah (Fa/ T )N Tangag 1°m 471> 6 apg 5 ht
p’sdae Fu an>nfa s (Fu/Fu =1.02 1.21) (Fa. 7).
Or the PVo1h g My lag emend g mglams, (he
Gl as;\;rts sh*w humpgy pa 1ci‘1}¢s Wl Vaf.usL e megat-
e 2 an”mMa s wah N /Lafangmg 1M 0.44 1>
0.87, % megatae (* 5 gLt [ saae ST an’ma s ¢ *n-
satent walh (hed Fu an*ma s, The G2 :%ts have

*wel ae *Mpats e e emend s *wients thawth*se * the

71 asq (s any ¢ &R pI*r uney wegalae N Taan-
*m3 s wah vely *wN /Fafatals (~0.11). A these
eatlifes fcscmM e lhrse typqal ai‘ob as3 ts(Fag. 7).

*m the ”ihahcb a ‘phafl e any (he? ey ‘n.mnb asal ts. The ‘iinal ia!:tn wl ues afe

46 . Whole-rock Sr—l\{i and zircon Hf-O jsotopes

SU > ntagmMay we y WM &> *pas ¢ *mp *séalns > he
Teplesentatae asq ts afe lﬂw - Tau 2. Gl asats
ay G2 as t! have s ST N, &°tpa ¢ Mp-s-
WS, "h\dy sh*w a waff”w famge » 'R /508{ fa-
tats (0.0024 0.0452) ang *'SI°SH Jatals (8.704030
0.705368), s*flesp”ry g t* 1o atae’y W m>gene’us
naka VSIS Tatats (0.104013 0.185111, & eept
2013AFT03 1). Fhey have ¥ Sm/14N; fatals etween
0.0978 ay 0.1394 ayy N /14N fatats ® ctween
0.512707 apg 0.512839 agg weal'y o “wstant ey, (7) Va4 -
ues 1m +6.3 1> +1.5 (& sepl 201347034 1 1kt
-« +1.8).
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a) O Group I basalts
= W Group I basalts
I Alkali § cemulates
I = Rhyolite
N - Phonolite
= i i ite |Trehytd —— o
= 0.1 — Rhyolitet+Dacite IChyle . Phono\nc
= E Trachy [Tepht”
N - nd J'J‘\nd
C ana/Bas-®
0.01 b X3 B

subalkaline basalt
0,001
001 0,1 |

Nb/Y

reule 8. (@~ ~ul’ ‘vi *c) (a) Frs “Mpats, ¢ ¢ ement (/TH, v.
(§ anshestel” &rl ~g 1917, 1

The 9 0-1]( q e ay th‘l cakam eng S ale a ted Ngashd* (1974)

NUulnvsl
w

a)\{h‘ MK "l”‘zV.PcOT/ M‘pl

1))

/Y asst satatng mglam 1 he¥ ey >nan

431

4
- b)
3 —
'6“‘?_- i Sc{\"‘r’
- )
E 2 - '(\\o\c“‘
iC__J L o o
e o .
[ ¢ e
.ﬂ-‘i
]
1) £
FeO /MgO

as

tsang ga 1*
»y , _ b >
S ’d .mfmatinb etween the oal . alk al ane ay ah\ | cﬁ_qasbcb'qs.

S
Rlcsmmbamw

Fagulc 9. (a) Tde v g (1) ang (b) @ 5°t"pe spestia *{the &, 1*s "mithe lhaht:b a ‘phil e

s cn A &t7pe *mMpsastns * (he sumy ate
samp e (2013AFF01) sh*w ¢ msstent fcsul ts Ll‘n-

- lSupp emenialy Miclg T . S2 avama ¢ at
lhttp //._;‘u%s.oam Tg.ge."lg/ge”” Fag. 92), Wil ey
(t =485 M) Jandamg 1"m 13 12 20. The f my e

ages fange 1"m 285 M1~ 588 M. S*me sp ‘ts‘yd;ldl

bhagh g4 () (> 16) agg thed B mvages ale y ungel
than the sfysta watam age *1 uk m wn Jeas ns, ay
these sp*ts Seyg I’'m ulihel | soussans.
Or the Lat”glam -l gd (1), the angyses sh*w neal'y
a Gaussan g At utal pckmg at 15.7. The mca{s-
uf? §15@ va uesTange 1°m 4.91%o 1* 5.73 %o, a s*
“Imag a Gaussang stlmutan (Fag. 9 ). Thus, these
zds*ns have h’m‘gcmc‘gs ygen & 1 pa ¢ Mps-
axns wah a mean 3@, -, V4 ue > 5.37+0.23 %0
Fe.9).
B ps © ~400 M m the tu samp e have

a alge fange > 4 (1) vaues  etween 1.4 Lava 92
wal\ sang e-slage 4G agesTangag 1"m 680 M
1> 920 M. The Sen”ofysis have Vafnb e d -
R JEN S0l

1*pe ¢ *mp*saans shalmg the catules >y ctfda ay
gre*us zds*ns 1" m the Aila;fcg;tn (Suwm et al.
2008).

5. Djscussjon
S.a. Theind i ual members of the Zhaheba oph; o}; te

Ase*f wg 1> the zao>n U P ages * the sumy ates
ayg the v sanm 1*Ks, the ohml}atcs an (he®ey ~-
ndn avas wele emp asy ay cluply at c. 486 M
an 401 M, fcspcstkc‘y. The age * the sumy ate %

QLY ¢ msstent wah the pfcwiu%‘y Tep ‘i{; age
95037 M) * (he A mantampl
castelmn sestam » the Bhahe a “pl

¢ a the s uth-
d¢ apg (he age
41623 M) > (he Fe amegaphat ¢ t* s uth * the
ihahcba Aimantaa_ ‘p'h;fli_ oomp'& (Auamg et al.
2012 ° X4 ef al. 20098, Fag. 1).' Fhe v* samm se-
quewmses (401 M) apg the sumy ates (486 %) (s y -
ag (he selpentades) ale o cz!L‘y asywnehd™wus. ".flhus,
we suggest that the v* sanm sequenses afe w*{ a Mmem-
el » the Bhahe a ‘p‘h:i de. The® ey mam “ssas afe
% psatent wah e zds U P age *1the v*'sanm
sequemnse ( Xmggmg? G M 1?93).
Aol g 1> the ages * the *pha des a easteln
Yunggal ag the s”uthefn spe > (he A tamteliane
(Fag. 1), the *phat des san e sy q mgq t” thice

b
| it Tan W lam pa
stages, =¢. the @a . e B 1cba Aimanal pqlig
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70 Metpsomatized 100 b
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Fagule 10. (@ “ul *v ac) P> s man spac s “rg solalmatarg @glams. (a) @1,@; velsus A @3 (Wt %)g mglam (a tel FManz
& W i, 2000} ( ) @Fw>. (150 @1/(@1+A ))velsls T w>. (100 Fe/(Fe2t+ M)) * spae s *m\he Bhahe a “phat se (a tef Afas,
19943 afwmes & Mg ef, 2001). (s) @ n».Ahoo 017(CT+A5)) velsus Mw». (100 M/( M+Te))  spae s 1M the Bhkhe a “phat se
(a ted Mwnaed et al. 1995). 4 ) T, velsus A ,@5 «*mp* dalry Te atatmshaps spanc *mthe ”ihahch a ‘pha‘] de (a el “Famen Ky,

®Law *f & M 1,2001)% ON . Srades M8 mt-‘ocanlf'.gcb asq 13 SS& supfa-SLLd Ustam z‘mcb asq s.

m _ange (500 480 M) (Jaw er al. 2003 Fu” et al.
2015 tha sty'y), the? ey nan Fe amepa *pha sm
m_ange (430 400 M) ( X et al.12009E, 2011:‘a1“
fe elenses thefean) agg (he @af “ramel”ys Fuellms *m-
3 & (370 350 M) (Bhamger j ] 2003 ,\?u etal. 20006).

5.b. Orjgn of the serpent;njte an, cumulates

Sty s n jtfamar'o 1*Ks have c‘nf’lfmq that @1-
spae sefves as a p‘tcntsl petd’ “genclm ar ool ram
- Y asg ‘e s 4 may 1 sulvaeg ulamg atel
metam*Ipham (e o My, Snow & Mbe, 2002 oh
et al. 2010 b
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Fagule 11. (C‘l *ul v ae) (a) A 203 V. T, + @,@;4 mglam
ay ()T, S,/ IOd Na,® ﬂ:ﬂ‘ﬂ% 4 Aaglam > « wpyl™Sene

1" nTihe g 1> > the Bhahe a “plis de, wah 3 the a e
sp’ts B ‘1112 a the ~vel ap ¥ea c\:ztxl/ccn N- ﬂlﬁ a;ﬂ ak-

als as.-.tb asit an ‘xcl appmg1b etween the SStype aky N-

zds’ns > he ga  1”m sumyates ofysta mg I°m
mai's Magma hq *m Lngh‘yd cpl\g Mawl e
s*ulses ® MMype). The i't‘pé eatufes algue that
the sumy ates ofystan =g I*m asq (s that wcfc’d e-
Tagy 1~ d cpl el asthcn‘sp‘h%fq mant ¢ s”ulses,
s,-IlIaf th*se * " mal o sheets 1 “m NS -type “pha
S o’mp Ses. On the “thel hayg, as sh’wn a

gule 5o, be #pyl™Senes 17 m the sumy ates & -
L famtTe atg ! terg's. @w the A ,@; . 7.8, + @10,
d glam, 3. the aw sy & 1S eme spis p *t =
the ~vel aplafea, eteen NI OIS ay , a afd) asm
asat (Fa. lla’. Or the S48,/100 sz Nazé --
farth, M*st «*Mp*saalns p *t al” the !Lcd
wah s*me *vel appag . etween the SShtype ay N—
N3 e s rag. 11 5 N*te that the ga  1*m su-
mL}atcs have sgnf ot ?\L Ta *ughs 3ﬁbthc M
n Il’é sy ¢ mglams ay sPme samp es & L § ght
EREF epdmlunent (Fag. 7). Thele ale bw> PSS makaS.
Orc & di;stal o rdamanatalm, paftaui ail‘y b‘y alme
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sg anents. A *wevel, thele & »* t‘ﬂél allm  elween
fla ang N /Th fatals (Fag. 12a), whah f es “ut
san sand o tj utamaatasn, Mievel, (he'sag e-

staged m2 § age ﬂs‘(ﬂnszft‘ the ofysté walalw dge
R tl}c g %, The *thel ’SS% by & 11 }thc maniﬁc
s*ulse ukg efwemt s u;tafn—igalq mMetas “Matgm.
A rwevel thed N /%P ayg TR fatals ale sanmal t*
NS ay &1 !tncil\cf ug wime (e atg Meta-
s Matam tleyg & (Fag. 127). Thele *fe, (he' sagnk sant
Nb Ta negatae am” s a the o am pyl™Semes ale
:;t nc-cssalf_y lcl alg 't Subd u:tmn—i)c alg mMmetas*-
alam. Na et al.’(2002) have p*alg “Ut that the sag-
nd sani N  Tamegatse an ma s ~ thega 1*s I m
the S*uth ‘CSlJm _n l‘\tgc af p‘ss;,l‘y j‘hf‘ I
*th t‘hc ¢ Mp“ssales agg My es the c‘nytiu wl
efa s (sush as Magretse 1 mmevdie). Thus, weg e-
¢ usc that the gsh 1* feplesents'a Oulnli ate palt ~ the
“ecan fgge 4l !phcfc whahy g w*t Uy efg” dustal
o rtamaatan > SYd ustalnic alg metas “matam.

5.c. Petrogenes;s of the Devon; an basalts

Au'# g 1” thed ge” shematly, (he asa ts afcd Y
> tw” sy gl*ups, ac. Ak 3 we G1 by (0” cubam o3 o
1]1‘. e EvLZ Gl as tlhxc hagh 11 24 ppm,
’3}‘; e 15 phm) @5 (0.4 0.68) agg N /U fa-
tas (11 %15, wah s*me up t* 60) ayg valm (P2 Y)x
ay }; V4 ues, sugicslmg they afe N “Ymh asa ts
NB 9§ Pleant, Jaks*n &Y fumm* 1o, l».
at & Fellmh, 2001) (Tag. 13). Tw” a telmatae Man e
s*ufses have cem pi”p’sg t* an‘alet A the *agan
aﬁd itmot{%ﬁgc“shcmq eatules * NB g (1) am
' mamlc > cvdqhq Mard ¢ ¢ “Mp wend *soullamg
a (he Mani e wy ge (c.g. @astw *, $” gum & Br’ng-
dyaw, 2002) (2) a manmt ¢ V\j{ ge w\\qh was metas*-
tie y g Kaes P € ant, aks n &Y fumm>y
19929 gant &Y fumm‘lg, 1993 Sax'wma et al. 1996).
The. ated Mmesharsm Keyp agy aranpfiant > c a
the 1!5‘c1f *gencsk ~ the Gl 5’1 ts. 8 |

Pevalus sty s g e estialy that N® s mdy e

d cf&q "m ;as ‘ulic o mp ‘sqq » U‘? -Ke cnfql?q
Mawl ¢ (Qastﬁ L Rgyw & S” Fum, 2007, ﬂ asta et al.
2011). A *wetel, the &1NB Khave *w s © SIFoSI
va ues (0.704120 0.v06133) ang ll\,‘gh en (f) va ues
+1.81*+71.5). They afcd = elent f'mcvd)ihq }? S.
n yq 4, the NB s have *wel N /U (3.44 20.4)
ang hghel BN (1.51 2.5&)‘ fatftsbthan o} s (e.g.
Ty of & Aaii? 1986). Fhele “fe, these shafastel-
%lms Tye “ul an @F mani e s*ulse. Aitdmat&c‘y,
we suggest that the GI N® s afe p sspy 4 efagy
1>m a man{ e wg ge Melas Matagy o Kaic-Ke
me (sq clag "mah~t SY.d usly Sl% (Saxma & al.
1956 _¥epp el, 1996). § ab Me tag glnelales wugs

g Kade o}'mp *saaln. SOMme } hese cfupt? Lis ily-
~ des, wheleas “thefs fcaotq w4l Mawt e pelg *tae 1*

glcncfatc afirSE-crialy s*ulse (ii > angs & Fellml,
2000). Fhamy ¢ fequaes that g Ak ag NB sale
elupty m*fe *1 ‘ess Slnﬂ lame ‘usl‘y P cant, JaKs*n
&Y fumm>y; , 1992 Sagha e al'1996). Bhang et al.
(2008) fep*lig ¥ ov raar g K dcs 4 *ng the w*fihefn
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Fagule 12. (a) N /Fhv. I\i/Fad mglam sh*wang the .fuslzl ¢Crlamaatan ag a) B I\L/If v TRy mglam 1 the &, I~
sumL\ ates * the \ahcba pha‘1 e,
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Faguie 13. (@ *uf *w ae) (a) X/ Y)nag () Y »wv.N g mgfams *Tihe asats 1”mthe Bhahe a alea, sy matang that G1_asa ts
have eatules ?\L-cnfqhq basal t}(NB{ S).a i ?\L b al b » 1

malga > the Junggall FThe G1 NB s have vafyamg (Fag. 14). Thus, the G2 asa (s g elmg 1*m pall
eng () (1.8 1.5) ayy (¥'S1/%681),(0.704120 0.706133) e tang * 2 mang o wy fe pj'cviusl‘y Metas *Matag
v4 ues, whash g mates that thed s*ufse was ¢ mp*s- Uugs Te casy “mas d Usly JmtheVey,
i w N/ hetef*geme *us (T4 ¢ 2). Fhe fcl atme'y *w 0k G1 ay G2 asaLts ale i}cf Gd @ Waheash siker”
e (O V4 ues ay hagh ('S /%Si)‘iat.‘ts oy ale }Lhat Thelegy ~ sckalqn - qatc! that they shafe a +*m-
they urg elwent assmfat-fn > )ld dustal Matels s. m*m ot'hq settang, whah & ¢ wsslent wah thed
Thas & ¢ “nsslent walh s;gn{' saml Pang Tatl*ughs “n peti*genes .
the PMw~ nﬂiq 4 #gfams. Fhus, the G1 asa ts
the Bhahe a afea wefe m*st k:c‘yd ci:ﬁq 'm pafl
me tang » a Mawmt e Wy ge ﬂicw-tusl‘y Metas “Matsg
EA Kin mcl tsiecasg 1*ma SLHd usig h*t slaL
X ne samp es ugg Livent s:gmﬁ sanl assalmataln Thele afe thiee *pha 4m e (s 4 (he easteln Junggal,
‘l‘ ofust t\'latcfﬂls. , a¢. the ¥ amema*p .|kcl(416 M;,ﬂu et al. 2014
The G asal ts have hagh F EF ¢ *nients ay Ie at- Famg et al. 2015), ®hahe a A mardasphs dc (503

&EY W ?ﬂz,%a *hel AFSE o >ntens, an Loy 485 M Yaaw er al. 2003 Lu? e al. 2015 the styy)

5{1 . Imp}; catjons for the Palaeozojc accreton processin
eastern Junggar

N Yk (< 03). N/ Yay Te®'/ MO fatats T $),  ay the Fuyun “phat de (400 M) (Fag. | ). Ave* g

eotang the metds>matsm * mant ¢ s*ul ses Y the 1* the manela shertatly agg ge*she > the A -
o e casgp ugsayg /T me sy elag’ *m Maniamary Fe amess’phat des (Au et al. 2014), th

e 'Sy g ust (Saurg efs, N*1fy wele *Tine amg " seanlg oeTathel thamsy g ustaln-
& T lneyl, 1991, swﬁ?zooiq). i}“h socgaflt shafes e atg scqukgs,mt 8 qbd
m*st eatules > als asats. @n the *thef hay , the $ (h the ge*shematly ay ,,qu > sefvatans Teve
G2 . asa is havcl *w Yﬂ /8m) ngO.Y 1.0), (Fa/kFa) M that the @am Twn® v rmr V> Sanm sq lﬂCllaa
(0.1 0.;‘) a? /Fh (0.6 1.0) fatals, #y matang the sequemses al'hlg the eastefm Juvllggaf feplesent g =
Mmard ¢ s*ufse 1 the G2 bas 1s was maqi‘y meta- velse lesl’nm sellangs, ey g wila-"scanm afu,
s Matag Ugs fcl alg t* “eeamm ofust sy g us- seam’umt, aseletaraly wy ge, Mg ->scan fgge ay
Lalm (,14 g ﬂ?amt & 1>hlum, 1996). @ mpaly V\]‘}l\ the d ccp-sc? sysehh (Na et al. 2007, 2009a,h  4&* et al.
GINB s, the G2 e ts hawcl ‘wo POs ¢ Cmiewmts ayg 2009)." Fevatus wK suggests that the e sl *nas settang
rilatals (-TQHC L Fag. 14). They ﬂls > Fast Junggal san_ ey cﬁ ny as mdfa->scarm & ay

Nb/U ay /Th)
Bt the ’cld S typmq Ay als VY sana I~ als (X9* et al. 20(?9[)). Ase*f g > the § emeniy
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Fagulc 14. (@ *ul *n ac) (a) P@s velsus T,y mglam. ()

/U velsus i qgf%m. (8) N /Th) ppvelsus (F\L Mla) pny -
gfam. Fagg s Tals > eanm " Rsag N -erdmhg afe asats
NB 5) ale mY ¢ an, Yaks*w &Y umm>yy (1992) axg
Sehar* ef al. (1995), fcspcollcl‘y.

ay &°1°pe ge”shematfy, the Hamal*s ey Mmem el
* the Whahe a A Mmardas ‘ph-’l dc was ‘lng }1 a
Mg -"scan ff_ gc.‘{s >, the Oumli alesq elag 1*mas-
thew”sphefm manL ay ale sa:ﬂ-rz] 1> the &, 1*s *m
the Mg -*ecan g ge.

Resenly, ¥ et al. (2015) f_cnt‘!fq a¥ ey ran

Ahal( antype mal's mifusae gl ermpasg 4 Wag
450 380 M 4 “ng the s*utheM nalomd * the A tam
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*I”gen. @n the “thef hay , the ages * the gland’gs

*ng the s*utheln mafga * the A tam*1*gen wele
d Al at 460 375 M wal a peX at ¢. 400 M(\rang
et al. 2006, 2009 ¥ mg et al. 2007, Yaw ef al. 2007,
Suw et al. 2008, 2009  ®hawg et al. 2012 ¥ ef al.
2015). Mst * these glara’gs sh*w typmy J—t‘ypc
glande eatules,ang  “thwh* e-I"K N apy zds"ngd
*1"pes sggcst thahhcsc gflcmi‘f.s‘wcié Masyy c-
Txg “ypalts me tag * wverme sfust wah v e
qu‘ cmcm‘1 bt € ;‘:tlf :I:tns (@hern & j}\lm,
2005 ,\{ang et al._2009). Thc; v raan A aK an-type
md's Ks ay ! type glandes ale mte fetg as a
o niamenia Magmatm afs 3 “ng the s”uthefn malgm *
{he A tas 1" “gen ay n‘ftllwaﬁ sqbd ustalm al *ng the
Yl 2*we (¥ et al. 2015).

As meniang ¢ *le (see Sestadn 5.4), tl\cﬂl\i'-
erdmhgy Gl as LB ay the Dypqal als-sgratule &2

asq ts . (h& Bikhe a afea chpfcscnt‘y‘gng “ecanm

} sistd ustaln 4 “hg the " Tash alea. "w the tes-
Crm Retoh, (ha & assgng 1 (he¥ yate als sys-
tem (Fags 1 , 15). Na et al. (2007, 2009b) Tep*1-
(] LLtfal i-plessufe metam*fpham, sush as the
supefSmmam galwel ay supelsmmam pyiSeme waba
the Bhahe a *pha d¢ ¢ *mp &. Opha e, y fahagh-
plessufe Meam bha R a  th ?\L -erdmhg

asa is ¢*Mp”se a test*rm M _awmge a “mg the s*uth-
“dinakajggm > {he' faagh sulufclz’nc( a1 ef al. 2008).
S ‘test*nam M anges have com genid g a *thel
*>gens (Tulwmes, é elsen & A *gen, 1991, @ta, Ut-
sum*maa & Ushat, 2007, Xa* ef al. 2013).

\{c o’lnstfuotq asall”*n mye sh*wang the te ot “rm
ev” utem > the eastelm Junggaflcffane (Fa. 15).

MY wimg @am Tan tane (c. 500 M), the B ac*
Asan @scan sg:$u]:1]q n‘ftl\wa’.ﬁ s encalli the
@hacse A (amale’? ulag (ha pelsy, !1 new md?-
“scarm sy g ustaln 2 we Was kAl ay ihe adfa-
“ecara afe ay  asdetalraty wy ge wele ing
(Fag. 15a). At the same tane, the w* thwa;ﬁ sy g Ustan

*ng the b 7 me staft , ag seve 4 asa ts
arg sealse als-sgmatule glanses ‘fmq - 12 A?la-_
telfame.

(2) F*m ate @am Tan (> cal'y @) *vamar tane
(500 480 Nb), the p¥lp “tde wab sdfapg ~ I*m
the Mg ->scan fg.ge at the *fe-als ag (he Bhahe a

Mardas’pha de aselety * the assletanaly we ge
(Fag. 15 )Y uling tha tane, assletatnaly o >mp & any
als-a !"h, K s wele *ing 3 “mg the's *utheln mal-
ga * the Allaqtcl?incd wlag ¢ rimug wfihwaf

Su g Ustalm. ‘

L\'(3)? ulag ate OF *vamamn 1> Spulmw tane (480
420 M, the 'hagh- M g 2fue (45§ M tu* et al
2015) mily @ the wifa-*ecamm als. Fhe Su*cK u-
d Ke %Mk s vy CSdam vy Nb -crqql\? as tnl avas
(440 M Shew et al. 2014)%wele ~nfy . 'Fid N -
erndmliq  asq (s wele genelatg as a fcsn.\t > pall
Me tag © a n}c wy ge picv-tuj‘y melas *matag

L] K i me ts 1o casg 1"mihs d ustg bt §
k.‘f“;g. 154). At fhe sdme tane, an*thel wifa-*seanm sty -
FRIOE L ae 1 slaftg , ang A mew adfa-*scanam als Was

g .
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Dulate arc

oceanridge

b) 500-480Ma Dulate arc

cumulates

Fgule 15. (@~ ~ul’ ‘ri e) @all” *n ﬁustfaMg the *fmatsn ~ the ‘phil e o‘mpl & es a castelm Junggal’ ay the as oletan pl*sess
* the Jumggal \ettame!
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(4) The Fc amc . phql e ‘img wa M8 set-
tag 1™ m Saulan 1“ eV naan tales (420 380 M)
(Au et al. 2014 Tamg et al. 2015). At tha tane the

*fmel atla-* ocam d Ustalm st o niaug . :‘18
the G1_asats (N s)aby G2 as ﬁs ciuptq Swang 1”
pa!tal nc?mg a Mard ¢ Wg ge picv;usfy metas”*-
matazq ste casy 1*m a‘y*umg, h*t's d Ust-
g 4 Me s, ics?cotqc‘y (F&. 1y°). The
A} i n—typc mario R a ' -type giam.ics uuifq

as ntmcntal magimatas ai ¢ 3 “ng the s*utheln ma!-

g * thc tam ] *gen, alu w* thwaﬁ ustalnm *
ouH al the “hmh z*ne 1*mY ey Ln 1 cai‘y
@2/ *nacl*us tanes (400 380 M. Tl wh* ¢ Jun:l%:
gal " @scan m‘st el” ate @

*namel*us tincs coauéc c!tstc'in‘iungga} as we
8w westeln Jum;!gai ay the s utheln A tam*1"ge
the ate @al “wamel*us BfMgw Magmatem has typ—
- lp st- ‘il‘gcnq *{ mifap ate ge*shemma catufes
ay the Blman sg Ahewialy sequenses an Jnnggafé&-
leio‘nantal asxs.

6. Conclusjons

(1) The sumy ate * the lhahc a *pha de of}stal =y

at ~485 M, 'Tc the as tsmthﬂ ca cfuptg atc.

400 M. Thus, tle asa quense ang the oum11 ates
he

ale asymhf‘m us asa is afe w* a me n el
* the ®hahe a mantalbpl{i_c The  asa ts wele

metas Matig ug.s 1e c&sq *mas d Ustang
‘iqkiq% tspi usg ‘ys me {ang. )
2) The sumyate g ci&q ast[\cm‘sphciq
Mmanl ¢ ay % sm;)r! 1> the g% s 1"m the $*uth-
west™ wy sn ﬁ\tg The 1fa s ey mem els *
the ®hahe a ph‘-,l de Teplesent ics‘r_ual asthcnhsphcfc
Mari ¢ al’ a Mg -"scan 1; g.gc. Thed mmdaL shem-
1Fy suggests that the ihahc a Al Mawdlaa’ plu-.l e was
8 -type.

(3) Fhe ihahc a mamla-_ pluflatc asslely t*the
anictqnafy Wq oe a *ng the s*utliefm Mmalgm * the
! aal sutule 2 me all gihe I” - aK * thes d U
tawz e 1*mwn* Idtht‘s’uth ".‘llc Fe amema”plia’ e
was a mem el * aw mwdfa-*scanm aseieta wy ge
4 the -‘ung!gai @.can. The easteln Junggal & a typ-
qa\ Rarel 2 m asoletatmaty *1" ‘gcmq»bcl { o *Mpl g ang

{ des, a seam ”unl, mifa-"sea vay p‘sst.lc
d ccp-sc?. N A

gemelaly ‘V\bmgg paftql me tang > a i wy ge

Acknowle gemen?? Ml\t\l{" uY g & thak g s as-
Salanscyg Sfmg thel'eq UH cfcauy applesamte ¥ . ua;_

Fun La *1 ha gssstdnee wah zdo"'n U P age ay ¥
ik pc aniysc e ale vefy glate 11’ 9 7 M Featay f‘
> Ahed vely ¢ *mstfustae Tevaews that sgns

!ﬁ inpl *vg the qua sy * the manusd.pt The sty
‘y supp ’itq the Natalma 305 Pget * @hana
(20113 " 8108 03 01). ® 1

Supplementary mater; al

T vw supp cmcmafy mater,

1 thag aft p ease
vk LU /% g * =12/10.1017/800167 568116.1)00(5
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