.0 00 http://www.cquip.com|

1000-0569/2006/022 (01 ) -0011-30 Acta Petrologica Sinica % % F4R

RLABAREERERE-BHELUE-E Nb Bl
ZRRE: WhEELHERERBTIEESHASE
BLE HEX

E®' ARAE' F4E' Derek A WYMAN® ge/k' %' HE4
WANG Qiang' , ZHAO ZhenHua' , XU JiFeng', Derek A. WYMAN?, XIONG XiaoLin', ZI Feng' and BAI ZhengHua'

1. FEBEER MR EFRREN R ERE SR EEALRBE, N 510640

2. BBAEMBRBIFF MR SHRYE R, HEBUR L 2006, BAH T

1. Key Laboratory of Isotope Geochronology and Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China
2. School of Geosciences, Division of Geology and Geophysics, The University of Sydney, NSW 2006, Australia

2005-11-22 ¥ A%, 2005-12-09 # .

Wang Q, Zhao ZH, Xu JF, Wyman DA, Xiong XL, Zi F and Bai ZH. 2006. Carboniferous adakite-high-Mg andesite-Nb-
enriched basaltic rock suites in the Northern Tianshan area: Implications for Phanerozoic crustal growth in the Central Asia
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Abstract Carboniferous adakite-high-Mg andesite-Nb-enriched arc basalt and basaltic andesite (NEB) suites occur in the Northern
Tianshan area (Xinjiang) , many are associated with copper ( gold) deposits (e. g. , Dabate, Axi, Tuwu-Yandong, Chihu, etc). The
adakites are characterized by high Na,0/K, O ratios, high Sr but low Y and Yb contents, positive Sr anomalies, Nb and Ti depletions
but no significant Eu anomalies. The high-Mg andesites ( or diorites) , documented for the first time in this study, are characterized by
similar chemical signatures but display relatively high MgO, Cr and Ni contents. It is notable that the Axi high-Mg andesites are similar
to the sanukitoid of the Cenozoic Setouchi arc volcanic belt in southeastern Japan. The NEBs are sodium-rich but potassium-poor, and
differ from the vast majority of normal arc basalts in their higher Nb/La ratios and minor negative to positive anomalies in Ba, Nb and
Ti. The adakites have gy, (¢) values ( +3.4 ~ +9.0) and (¥ Sr/*Sr), ratios (0.7032 ~ 0.7043). The NEBs exhibit more
variable g4;(t) ( +3.6 ~ +11.6) and (¥ St/*Sr); ratios (0.7007 ~ 0.7067). Our study suggests that the Carboniferous adakite-
high-Mg andesite-NEB suites in the Northern Tianshan area are an example of the adakite metasomatic arc volcanic ( or magmatic)
series. The adakites were most probably derived by partial melting of subducting young oceanic crust of the Carboniferous Northern
Tianshan Ocean. Additionally, slab melts and minor fluids derived from the subducting slab likely metasomatized or interacted with
mantle wedge peridotites. Partial melting of the metasomatized mantle wedge peridotites was probably triggered by these processes,
which led to the formation of the NEBs. Conversely, addition of a mantle component to the slab melts ultimately led to the formation of
high-Mg andesites. Therefore, the Carboniferous adakite-high-Mg andesite-NEB suites in the Northern Tianshan area suggest that; (1)
in the Carboniferous, the Northern Tianshan area was in an arc rather than continental rift setting; (2) lateral accretion processes must
have dominated crustal growth in the Tianshan area in the Carboniferous; (3) partial melting of subducting oceanic crust played an
important role in this crustal growth along with the depleted upper mantle; (4) owing to their high oxygen fugacity (f,), the
interaction of slab-derived adakitic magmas with mantle wedge peridotites may have caused decomposition of metal sulfides, thereby
allowing Cu (or Au) to enter the magmas. This process may represent the fundamental reason why Cu (or Au) mineralization is closely
associated with many adakites, high-Mg andesites and NEBs in the Northern Tianshan area.

Key words Adakite, Sanukitoid, High-Mg andesite, Nb-enriched basaltic rocks, Crustal growth, Porphyry copper deposit,
Au deposit, Xinjiang
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W OB HREALARRELEEACRRORELEE-HHELE-F N TXARAEAES FARXTHE BB ER(E)FTA
A (kO A LEEE KA, FF) RAALFTA ST EFTHY S5 Yb, RAREu-EEuFEARES FES
Nb.Ti 4. HEEL(RNK) ZRAAKFRE KRB, X% 25 A%HE Fu-iE Eu FF UKL NbTi 548,48 A A &4 MgO
F2Cr NiaF LVHALTE— MR EMT B AHEHH ALK Setouchi I KL EHF P s £, TN TXREFTHR
47 LA fR-EBaNb Ao Ti B E AR 56 Nb/La tbfd, RAFREMEFHRTXE. RLULFRBEERERKALEL
A& ey (t) (+3.4 ~ +9.0) Ffk 9 (¥ Sr/%Sr)(0.7032 ~ 0.7043) . & Nb T XA E R A LA ey (1) (+3.6~
+11.6) #2(¥Sr/%Sr),(0.7007 ~ 0.7067) , HAGHHAATA, KWL HFRE LR LR ALE-HEZLE-F N TXAESR
STHRABIEEINGGRERELZI, RELAZRATREERLLRLENSFRELERFT IR T RBELR, 5
S B AR AR B R A S OR B TR S BARE LA A THREIRSERENERE XL AR —F @, R s
B ERABRBYAEND BRTXAE; 5—F &, BEASRESABBRLEBERT, FHARBAS MW, FEHLRGHE
ZhE, A, RLHRRE LR LKREALE-GHEELE-FT N TXREZAE4AA: (1) R LILHRRE G R L THA HIRFR
BmERSRE; ()R LR SR RNRELRTRAMEEES T; (3) BT THRRZI, BrE LG ERTHRLE
W AERTRABETESHHER; (DB RE FLERELREREAGNERE A S RMBEBE LG EABEER
HEEURTHERRALY SR AT ERAFTEANFNEZRP., A THANBRLFRLFTLE —ERA L L8 HHELLH(A

K)ERE N HRETXRLEE L EOALRE,
Xx@a

REZESHKS P588.145; P618.41; P618.51

1 518

RIAEHRAFERERIAGREERKE, HPHY —Ha
HAOSWEERT ERARAED (0, M8 % ,2002; FEX
BH%E,2002; |FICE,2002; PYFERREE,2002; Qin KZ et al. |
2006; Wang JB et al. , 2004) , 40+ JB-2EFR (o5 8 MIGK R L35
Bf EHFRRRERET URMEERIBELT KE. R
M, XEARLEKERERE BT BIMAEE (I, FEH %
%5,2002; Zhou MF et al. , 2004; k%, 2005, %5%) . 4F
BRI (F A%, 1996; BRFH3%,2001; BE X%,
2000; Xia LQ et al. , 2004a) 2 5 3t 08 A 1% 30 A 56 (L ARIT
%,2004) , 24BN L . RITHRILLE IR
EREHIT T ERF S EAMIREDT, HE AN —
BHRRRR, RAR LI HARLCEKE P EERERLE-
BEEL(HAK) &8 Nb XREAEAEG. R RAERS
ERBRIXTAELRBIKILAEFRF” (adakite metasomatic
arc volcanic series) ( Defant MJ and Kepezhinskas P, 2001) , 5
ARG AR LR PR EEBEN AL FHIERE.

2 MR

RILE IR T IS 17 8 —E 43, e F A R AR
S BEARBRZ B, EHR LB P R A S
(B 1) XPREETER L — R 5 50 i i e 4 8 B AR
BRI E(H P 8%, 1992; [AEF%,1994; Gao J e al.
1998, 1999; Gao J and Klemd R, 2000,2003; 2= 45 8: %,
2002; E=ME%,2005) , RiidbMige AR AR ETE
R T AR (ZFEHEHFS%,1998; Chen JF et al. , 2000a; Z3C

MK FE MR ER; BRELE; TN ETXRE; it K; mERAY; 27 ; #ik

BH%E,2002; XJEFI%E,2003; Xia LQ et al. , 2004a; ki
%,2005) ,HttF — BT 842 (R4 %,2003; Han
BF et al. ,2004; Zhou MF et al. , 2004 ; X|E58%,2005) , —
LRI R AR B ERE T RIBH RIEFE (Xiong XL e
al. , 2001; Wang Q et al. , 2003a, 2006a; XV 4T % ,2003;
KEE %, 2004; BE/PAKSE, 2005) IR E Nb TR A
(Wang Q et al. , 2003a, 2006a) . FAI%F K ILILEFMBTHIE
BER RFE A BERACMEAR) BECE-58EH
PARIER-TBEMXGHIT THE(E 1) LG ANBIR
PR (B, 1996; BRFH34%,2001; Z30A%,2002; BR
SCHAFI B BE B, 2002 ; P BE%E,2002,2004; Xia LQ et al. |
2004a) , R LRMXER T HKRIXTLE & Nb XRFE A,
RREFESEZL(RIK) A

3 btk

RATMEKRILEFRRALEUARKARE Arv” Ar
Tk FERRFLEERTE EAE, BBUR DU HOR , BE IR 6 R
FE(ZBH-25, M &)  HRAMABHLEKERARBERE
#, B EFE T REDT S B R R T AR AR,
BT RS 2. 387 K., BRI R ERIEHEAD 7= R
BEFbe MM-1200 KSR B0 E . 1405 47 R L A A e
TBLFTSE(1982) o X F#EAT E R B TR MBS, &
B RIERESFER/D R, RV BRI R R B — /A,
KRR BRIRERT W1, R V5 R FKAE M R S v
fho PATRIEE X B P9 F ) BT R ZE ML 309 J3 3 R
KBS X FOUE T, TR EDTF 2% . ZHA
B BB T R A B R (BRI 247, R4 27
W Hu AQ et al. (2000) , BT R M TRER T 3% . H
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al. (2002) . WETRMITHEERT 3%,
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4.1 HFRFE

BEAT Ar/” Ar SRR BB X BB RE B 4 BIR B F b B
AHREEFRUAECERIERNNARDKLE P, KlIE
TURE B P RN BR, XEUESE R TREOR
H (FERSE, 199; Xia LQ e al. , 2005), BIHERAGS
B KA AT Ar ERBEERE 1. EFAER D, B S
w707 (BB R I IR A BB EW) M Ar/” Ar SRR F
FR LRG|, ATE X 301.37£1.82 Ma, 5& R
332.7 + 6.65Ma (1, 2a, b). B8, 5 wa789 Z&
H BCHIBIEN) A Ar SFER SN REREIRE
TEENIEE —3, 4510 311.89 + 0.65 Ma, 5K 309. 16
+ 6.18 Ma, PRSP A A FERBE R THRE 52

Schematic map of tectonic units and metal deposits of Northern Xinjiang( Xiao XC et al. ,1992;Qin KZ et al. ,2002)
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KihtBaxRLERERE BEZILE B Nb TRHE
AR MEAKRLTTERE2, BEARETESF T
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EREHEE . BT B R R LR R 5, 1] Sio,
> 60.0% (B&% H,0 +CO,Hipek#(LOD G, KEFRT
HEHBHEH100% , FR), Na,0/K,0 > 1.51, Sr = (301 ~
839) x10°°, Y =(4.18~17.81) x10™°, 8% +TEE
£ ERLTESHR(W Yb=(0.38~1.72) x10°%), EH
B-1FE Eu IE Sr % LUK Nb.Ta Ti 5 (F%2; E3),% S/
Y-Y B g ARETRAEX (B 4a.b) . FH, HHE Si0,
HIRIE A B/R T Hi# MgO 58 Mg"fl Cr \Ni & &, 29pT 4.
RTFMHXHIRIKT MgO = 5.56% ~6.78% , Mg* = 61 ~
71, Cr= (148 ~789) x107%, Ni= (185 ~191) x 1075, 24l
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Table 1 Summary of Argon isotopic analyzing results
T(C) ©Ar/% Ar 3 Ar/* Ar 3 Ar/® Ar F BAr( x10 2mol) P Ar(%) At (%) AW £lo (Ma)
WXT707, 43(J = 0.004082, W =0.226g) ,¢, = 301.37 £1.82Ma, ¢, =298.99 +2.01Ma,s; =332.70 +6.65 Ma
350 423.5952 3.4182 1. 8483 37.4742 0.0181 1.84 30.24 256.8 19.6
480 539. 8246 5.5288 5.3717 44.1909 0.0516 5.26 45.26 299.25.5
600 620.0168 7.3123 3.6084  44.3798 0. 0806 8.36 52.33 300.4 3.9
750 637.1281 7.7815 2.9712  43.9025 0. 1047 10.67 53.61 297.4 3.7
850 644. 4929 7.8699 1.9138  44.3450 0. 1520 15.48 54.14 300.12.5
980 659.7455 8. 1666 1.7707  44.6017 0. 1830 18.64 55.20 301.7 2.5
1120 646. 0429 7.9348 1.5477 44.1781 0.2126 21.66 54.25 299.12.2
1200 667. 2399 8.3617 1.3882  44.4577 0. 1506 15.34 55.71 300.8 2.5
1250 705. 5753 8.7977 10.6582  46.6116 0.0199 2.03 58. 11 314.2£22.4
1350 698. 4095 13. 6508 20.2478  48.9276 0.0085 0.87 57.68 328.5 +41.7
WXT789, £HE A (J = 0.004091, W =0.1122¢) ,1, = 311.89 £0.65Ma,t; =315.27 £0.70 Ma,¢; =309.16 +6.18 Ma
350 1451.3752 22.2151 0.0142  52.0309 0. 0588 1.04 79. 63 348.15.2
480 1806. 2347 32.0147 0.0149  47.1888 0.1328 2.35 83.63 318.4 2.0
600 3862. 7451 79. 1990 0.0049  45.0415 0.4285 7.66 92.33 305.10.7
750 4518.3486 90.1713 0.0079  46.8314 0. 4890 8.65 93. 44 316.2 0.8
850 5596. 5909 112.7798 0.0020  47.0039 0.8123 14.37 94.70 317.3 0.5
980 7859. 0426 162. 6273 0.0026  46.5084 1.2227 21.63 96.22 314.2 0.4
1120 10368. 4211 220.4761 0.0024  45.6871 1.3256 23.45 97.13 309.10.3
1200 10478. 7941 225.2669 0.0033  45.2055 0. 9661 17.09 97.16 306.10.4
1250 11726. 4634 244. 0807 0.0118  46.8327 0. 1402 2.48 97.46 316.2 £3.0
1350 13555. 6021 278.4072 0.0214  48.1431 0. 0769 1.36 97.80 324.3 4.2
t, RAIEER o AEBER ¢ RERRTR
600 [ ™ s00 | ®
500 £,=301.3741.82 ¥a I LR B (wxt 707)
g wof 4 ﬁ;eoo—/
Eoof FULTT e e
100 b TR A (wxt 707) 200 | ’ "%‘Hjé'jzd: Y
9010 20 30 40 50 60 70 80 90 100 03 4 5 6 1 8
Ars Bar/Ar
600 ©] 20000 @
500 |- SAT &S 309.1616. 18Ma
- b £,=311.8910. 65 Ma . 15000 | ﬁg&@ﬁ;‘;’g} ]:‘;9995
Z 300 [ = 8} 10000 | M
¥ 20; SRLERE M (a1 789, KA £ o b
100 SRR (wxt789, RKR)
%0 20 m 50 80 100 0 50 100 150 200 250
PAr (%) ®ar/®Ar
B2 RdE kLA SERKA A/ Ar SRR RS RER

Fig.-2 “Ar/® Ar plateau and isochronal ages for whole rock and feldspar of volcanic rocks in the Northern Tianshan area
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Fig.3 Primitive mantle-normalized rare earth element (REE) patterns (a) and N-MORB-normalized muti-elements profiles
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BERLE(E4cd), RINBEXBEXRL(REK)E, B
F(REK) BRARFREREZAN, FRHHEM & R
T RE GRES BEEW . L R-ER AR EERU
RETIL S, 40 %8 54 B A MgO B¢ Mg"fl Cr \Ni &
B AUBERLE(E 4e.d), AXERERL(RNK)E
R AEST XK MO S BEXKE, LXUTFHAES
Setouchi “k (11 £ %¥ B 4 4 B sk %25 2k ( sanukitoid ) ( Tatsumi Y,
1981) ( FK18E 25 (2004a ) ¥ “ sanukite” i 4 “ Heui ") , B K
SIO, ZREH(Fdcd), —EFFHLET XNBHELZILER
Mg" B3k 74, Cr 8] ik 1132 x 107°, Ni A] 35 276 x 10™°, 2%
W F R E K (Tatsumi Y, 1981) , —EBER A SKRIX
REFEUHE, MBS RFH. MUE. XS LB
R.EERURBTILSHX, LPFFRAREZLERESF
FTHBIE Eu % UK N TaTi T (%£2; B3). {AF
AT AL, BERILEEERTHRBREN Y MER
TRESBUABAFKEAEA S RE(E3 ,4a.b), &
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Nb (X 10%)

3] Nb/La-MgO (a) F Nb/U-Nb (b) H &
(Kepezhinskas PK et al. , 1996)

BHLZREWFERS]H Xu XG et al. (2001), EHEERH
FRIEE 3,

Fig.5 Nb/La vs. MgO (a)and Nb/U vs. Nb diagrams
(Kepezhinskas PK et al. , 1996)
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Nb ZRFEAFENREMIE . BEW. LB-ERFH
X, EATE A 3t [ B 8R4k 2 RR4E , 1 Na, 0/K,0 > 1. 10
(%(2), RERLITELRAHE, At RAMBRA-IE
Ba.Nb Fl Ti 5% (& 3) , A& ® K Nb/La Nb/U HAH, %4
FHRAMNE Nb ZRERE(BS) MAEIAEZS5HKER
H-BERLAE,

4.3 Nd-Sr @ EMBERILF

FHFBABA HATH ) Nd-Sr [ LR 447, (BREA]
ST THREUREX IL# XK BRIETE-E N TRES
B9 Nd-Sr AL E PR (F3) . RILIABARLERETZENE
RTEN ey (1) (+3.4~ +9.0) FEH (Y S/*5r),
(0.7032~0.7043) , A TEFHARLHSZEMR I
B (& 6a) . BERILTHRNBERERENRTTLEARF
(E6), RILLBARLE Nb TRFTERF LM ey (1)
(+3.6 ~ +11.6)F1(¥Sr/%Sr),(0.7007 ~0.7067) ,

[ \ ]
i P O BXTLE ]
LY S O BENbXRESE ]
7Y s RILTHRERER |
(e . \ « EEHRAERTCIESGS | ]

€ Nd(l)

"Of( | RANTE R I ]
a

0.700 0.702

0.704 0.706 0.708 0.710 0.712 0.714
(Sr/*Sr),

320Ma)

Et

Bl 6 Nd-Sr [z S (a) Fll ey (1 =320Ma) -t;, (Ga)
Eif#

BRM AEEAE DRI R 5 %8 5] B Jahn BM et ol. (2000a)
BFFRSIscHk, RSt RERERE M| B Chen JF et al.
(2000) #1 Hu SH et al. (2000), EBIFETHEELES,
Fig.6 Nd-Sr isotope (a) and gy, (¢ =320Ma) vs. TDM
(Ga) diagrams
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5.1 MK

TSR, — BB E IR T R K ok a2
3%, Chen JF et al. (2000) il T FIhrZE i X A KL H 340
~310Ma B KIIHFBAE . RIEEMET M ERX
A VB Nb TR U RIER KILAE MY A Ar SEE 4
3 320. 0 = 1. 2Ma, 318.9 + 2. 2Ma 1 306. 3 + 3. 5Ma
(Wang Q et al. ,2006a) , ZEHEFTF(19N) AHMHLST X
B AN BTN 346 ~321Ma, AR IIERILAENE
HRER A U-Pb £ 308. 52Ma, M A XK E 58
Hiki4 A U-Pb 4E#8 % 329. 44Ma 01 330. 22Ma ( ¥5| A X #E4%
%,2003)

I (2002) AN K RINFHEKRBEARL(345 ~
308Ma) PR AL . RAKEZF(2005)HETHRLA
HKL(354 ~313Ma) KL HIERB TR,

FREBEAFFVUMNBXRE LR ERB XN ERK
Ho BRERIE-EBRMR KILEMER R, HERE
(2002)iB3f Sm-Nd S EHER Bh MB R 45 U-Pb 2Rt A 3K
BEX K ILE RN 416 ~360 Ma, {BFRIET L : (1) k1l
ARG PIREESREA, B FRE /N T (443 £26)
Ma; (2)3K%3 Sm-Nd R FEREIEP 2 RELREN AKX
AFIRE KK (EERS 416 + 120Ma) , L 4F 8 59 B X £E v Bt
BISIRHER. NS (2003) M B XK K KR &
TTHBAI4E A SHRIMP U-Pb 4F 22855 THE, A X 86
KUIETETF 334.6 ~ 320 Ma, X MERBRIFH S kLA S
HUTBRE RSN RKBARS T EYLAH—B(XE
14 ,2003) . o0, FIFREE(2002) FZE 52 H 45 (2002) $RiE
TR EREAFT BT AHARENEESLAENED
U-PbAE#S 435128 360.8 +7. 8 Ma 356 +8Ma, (HIRIEW R
£(2002) Frig it AR, KM ORE S A B8
AR (PRIEF(2002) 3B 2) o XIAEALEE(2003) %+ 2
FERBEE HT XBHCIE K BEE 4T T84 SHRIMP U-Pb 4F
REPR , ARRENETHE TR SHC LR A 0T 1),
B4 52k 333 £2Ma 334 + 2Ma, X AT R H AT R 1 Frikis
11 BRI XA E K A BRI

G EFTR, H QA SR M B 5 W DL RS 58 W H X
KUIE R EBIOR, RITAN R LI XFTE S 2 A %
LAKED, XEEAPESTHRETAE (WM E. +B-
ERFHME) REZL(NK) S (FA BEW. SR
F)URE N XREE (NFTHIE JELEW LR ERE),

5.2 sAAHE
5.2.1 %3 i

R, A RBRIETLE R SRR E AW
BIRZDEANFEN T EXE, REEAAE R PR

(Xu JF et al. , 2000; F 4% ,2000, Wang Q et al., 2003a,
2006a; BE/[MVPK%E,2005; Zhang HX et al. , 2005) JEJE T 7
#55mh (3K IESF ,2001, 2004b; Xiong XL et al. , 2001; Liu S et
al. , 2003; Wang Q et al. , 2003b, 2005; Hou SH et al.,
2004; Ma CQ et al. , 2004; X ¥E%,2004; BEHIH, 2004;
B B%E, 2004) HFUT FHbSEAERE(Xu JF er al. , 2002; Gao S
et al. , 2004; Wang Q et al. 2004b.c, 2006b.c) . SI@ I EH3K
1E N4 X (Qian Q e al. , 2003; Chen B ez al. , 2003) , %%,
FATA R R I A R EIRIBTLE BA 7 REE IR T sp e
TR, B, XERATARA SR ARIE S8
BR AL IRILEIFE : () BAW LKL FEERA
S ERRTH THEEMERNBEEANREIRAES
(5KHE%E,2001 ; Wang Q et al. , 2004a, 2005); (b) Kl TF¥H
FMAR T2 REKK Nd-Sr R RHA S (B 6); (c)F
MO Mg', AR TAXRAA MEAERE(LO -~
4.0GPa) TIERE A E A K, HAUL TiX L LR AF %
BHCE R S5 B35 (Rapp RP et al. , 1999) (B 7). B,
KRB A R LIRS T A IR A BT B R rhvEs, - B
TSR A K S s R A T HEER, S
HRPH MO L Mg BEWT (B 7). HIK, WE-F KR
FRER, B EERBFETETARLSER LA
|, HER AR R R- P RILRRZ T ZELBE R
—MEREH B (FRKE,2002; EF]XF,2002; H5E
BE%£,2002; Qin KZ et al. , 2002 a,b; Zhou MF et al. , 2004)
B FERFEMNTERE, R EFRRSEPAKIE
KA TR 324.8 £7. 1 Ma (% L %,2005) , X1
FIR SR IACER S — L3R A 70 A Y i R (334 ~ 320Ma:
P+ B-FER ) ERE BB A B, BRX LI
MR AT A RCIERNEAREA§, BRI L& X
TEAOREREET Fi B AT TTH sh FI4E @ fEH (Wang
Qet al. , 2006a) ,
5.2.2 FNbERKE

AT AR TR TERERDIR LI E RLH—
HZRAEBEAE RN Nb/La WE( > 0.5) , FRIFHREBH S
WxRBE (B Sa) (A%, 1996; BRIT®H%,2001;
Wang et al. , 2003a, 2006a; HHIT5F,2004; Xia LQ et al. ,
2004b) , B, ATAIA XS ERKER TREFE(EAMR
%, 1996; BRFI#45,2001; B Ak 4,2004; Xia LQ et al. ,
2004b) , 3 AT HE 5 3 0@ AE TE B S (4, HAKIT%E,2004) . X
EREHEANE: (a) RER Nb/La HE( >0.5) X RS
AIHBER AL R IEA IF) T S B 44 ( BIMR mp i 432 1R B4 s b e
BE) SIMK RS HENTIH AT ARE T SIS
FAFZHERNSMREEA XL LTRE, PR E o 5
( Yogodzinski GM et al. , 1994 ) | JEfE ( Sajona FG et al. ,
1996) \th £ ¥ (Defant MJ et al., 1992) LA R #h 2 fin 2 &
(Kepezhinskas PK et al. , 1996) ; (b) RILJLHARL X RE
HEH Nb/U HAE( <50) , R HIR X R F #A 9 “MORB
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BE7 MgO-Si0,(a)F1 Mg* (100 x Mg** /(Mg?* +Fe'))-
Si0, Efg

WA RIE B B IA T A SRITUT RS R T B AR5 5T
BAUREZRAMEIES LA (1.0 ~4.0 GPa) R A K
HFT| § Wang Q er al. (2006b,c), FHMERRMELRE
HRDEA LRB AN E > X851 8 Rapp RP et al. (1999) ., B
PR BRI R IRIFIE 3,

Fig.7 MgO vs. SiO, and Mg* (100 x Mg®"/(Mg** +
Fe')) vs. Si0, diagrams

5f, OIB-like” YR X (& 5b) . RINILFA KL KR A HER
SERFAE(LRTHE) (& 3,5) B8, EfEA R U B TSI
R Nb ZREE .

—BRANHETRHIFEPHE Nb TRAE FETRE
BRETHES EE(ARIETTE) LR HBE ( Defant MJ
and Kepezhinskas P, 2001) , XUt E Nb ZRESHHE
X(FHE.BLE-%5EH . L B-ER) R ta KB FEBR
RIRIA TR B , 3 HLIX Bo1 5k 50 A AR 7] B8 sh R sy E R HL
AREEERMIER. Bk, RILILEE Nb ¥ RBR AR T8
BRI FEAS MBS R . B, KAt E Re
HE Nb ZREERAEN en(2) (+3.6 ~ +11.6)F
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(¥'S1/%Sr),(0.7007 ~ 0.7067), A RIS B R TS
#f Nb.Ti §% , X &H: (1) EfWRXTRRAY IR
PR B R UM A —— TR BT 3 (Wang Q et
al., 2006a) ; B (2) EMIAHREH T HEMHRHIRY (Wang
Q et al., 2006a) (H 6), & (Nb/La)yy-( La/Yb )y
(Nb/Yb) B ( 8a.b) Wi — 28R, K ILILIA K
0H Nb LR A AR T IR & E K (10 Marquesas Z
&) (Sajona FG et al. , 1996) S0 A 5 K (B ILZHE)
(Xu YG et al., 2001) B AFC 5 72 5% 4/ b 30 2 XF 3 08 482 1Y
TR, R -EHMECENHWEEDRETERA(Wang Q et al. ,
2006a) , {HABBEAR, RE R AFC 382 \2E R v il 44 %t
bR TR, AT BB R A Nb/La > 1.0 R EBEAR
R, XEERFERABRAEEMNTHK(Wang Q et al.,
2006a) , #5h, Sc-La-Yb {& R (B 8¢c) B, TERILILER b
X, AT A A A 08 9 X R 4 15 B R W] BB R AE R AEAR
e X 2z FRIBEAE (Sajona FG et al. ,1996; Wyman DA
et al. ,2000) ,
5.2.3 H#x L%
HEXRILALBHX , AREHRELZLERE 5RERE
HE N TREFE A, B, REFHERILERTERES
AR A 08 AN 5 2 18] 5 Z % A6 B4 I 5 3% ( Deefant
MJ and Kepezhinskas P, 2001) , Rl a4, BEERL
EEABRTHRMREN Y MER L TESE, ARIHER
BAR St 7E XRS5 EE-HEHKE WIERAREER
BRAE(BMR A FRXZ ) BEEPa S HRAREELHN
BB A Ko XBMIRANE, KKHRPERFED
XEBAELLLT B AT Setouchi FrAE MK HIL K ILEH
HRBCERRRBERIE(FR2; Edce), XBEEEBEMNEIL
ERW A MgO IR Cr Ni & &, BR H A -5 i i il s
BEMLZHMBA LA X, TREAFMTR (Tatsumi
Y, 1981) R, X R ERENTILAEATEEA TR
DER S AR, T R AT BBk B F A -H, O 1k & A5 Bl
BEHAM R, XRE, XLEARER B FARA KM
JRBRRA T, BT B B F S50 b3t 1 B I,

5.3 BIAETEREX
53.1 sHREHHIFEFF

KHILASE, RILGE SR ZR 2 XE, —&
MREANA, ERILLEFTEEFE“ARLIERLE,
“ARETME R BRARCHEREZ" (BRRHFS,
1990; HFH#%,1992; fIEB%,1994), EHFFREMNE
HHIEGHA R 324.8 7. 1 Ma BYSERSFT (1532 5L 25 ,2005)
MHRESE T EiRiA iR, AT ZRBAYIL K LXK F R e 8%
RAE-RERLE-E N SUXREAHE, HHNEAEH
X B AE K E R R, B R R ILAL SR G SR 42 ] RETE R
ARMBEHCEFHAE. S, BEX LR GTRLKE
RE-RERUA-E Nb MK RFEHEHRE, RITER
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(Nb/La)y

o A,
v 2T Yol o
W = ,1" 5
James Ross
NEB: ANbZiRFEE
N : . . L 0 . y v
0 0 E 10 s 0 5 10 15 20
0 > 10 1 S NI La/Yb,

(La/Yb),,

B8 (Nb/La)yy-(Nb/Yb),, (Sajona FG et al. , 1996) ,(Nb/La) yy-( Nb/Yb)

(Sajona FG et al. , 1996) F1 Sc/Yb-( La/Yb) oy ( Wyman AD et al. , 2000) Elf#

B adid WA T HOTMER: i B S T + BAREN B EREITR REN SR, i AESHRSED ,MTE Nb BAH
Kd 5 91004 S REE T M S E s, BN FERS TASNRR. b | ABAES T HKRMER; 2 RAS Ti HERTE
Bl 3 LaEid AR WA MA RS No ARSI REF MO B L& 4 ATPRERFN S BEE, BB RNER K TRENEER; 5 AT
BEAGHNABLER, EABERNERSELME RS, Marquesas [ ZXRAH MG .CA B Nb XEREAHMYTH T A Sajona FG et al.
(1996) , Sturgeon Lake NEBs & Nb Z R A MBS B Wyman AD et al. (2000) , IR I Z R ANEHIIA XuYGeral. (2001), WcH
A RNEOHART R PR MER; BIEARAGRERZ AR, AREERARRRAES3, .

Fig.8 (Nb/La) 4y vs. (Nb/Yb) .\ (Sajona FG et al. , 1996), (Nb/La),y vs. (Nb/Yb),,(Sajona FG et al. , 1996) and Sc/

Yb-(La/Yb) oy ( Wyman AD et al. , 2000) diagrams

HPEERERASHEN(E 9a.b), ERAXRIBRE, I
RILFHFEFTE M B R R - RILERRZ T, H B R
KRG ARDZHI(E 9b) . EMFrh LB, e
PEFETEHRAL (60 ~70km ) RO 4 (20, 7K ) 7E b 83 82 o B 1L
& 7KH(Sajona FG et al. , 1996) . [RET, {ff i) 4F 52 P S 1R
PUEBIE AL, TR A HH (70 ~ 85 km) B RAF T KRR
FERBEFRERK ., REFTRER UKL BIRF WAL L
Frd R A A R SRR RN — T, iR
MR E R AEBRMIERE Nb BIWKRES; H—F
T, 0@ 20 S T i A BIAR A 48 ik b, S B3 08 4 4 38
TIEBEER LA (E ),
5.3.2 WiE¥iE
BERXLUELFENNPEELFBREFBTEKR
FEAHK Z— (Sengor AMC et al. , 1993; Jahn BM et al. ,
2000a, b) . {HRE,H X HMFREKOIHHPBAESFRZ
H, Sengor AMC et al. (1993) AP LA BAE K —
LA b 5T R R b ] B 5 AR 08 i A B 5E P 9, B 5T
AERDNEEERE, XMEXBRABROFOER-HE
RGIEGE (HFH%,1992; MEFH%,1994; Gao J and
Klemd R, 2003; Xiao WJ et al. , 20033 Xu JF et al. , 2003; T
=SS, 2005) F—Ba ity A AR 9 B A K H9 SCRF (10, Chen e
al. , 2000b; Heinhorst J et al. , 2000) , (B RIFEZHRE AN
BAFHERERSE FIRAAE en ) A BERETTHE
TR T L G BAR R # & (Han BF et ol. , 1997; Jahn
BM et al. , 2000a, b; Wu FY et al., 2000, 2002; Liu W,
2002) , HERATREE KB X REERNWREER . ERREE
B AFC 3B X, 7 K W] BBLAZE A1 9 3 (Han BF et al. ,

1997; Jahn BM et al., 2000a, b; Wu FY et al., 2000,
2002) . BT, —HRFFEIGE T R L R A i X i B -
MBERTR A G 20 E 5B 6T R AR 289 ~ 241Ma
(ZE %, 2004; Zhou MF et al. ,2004; Han BF e al. ,
2004 ; £F EAF%E,2005) . Zhou MF et al. (2004) AN — 5
B~ 270 Ma) HILBR A A AT RE S AE S Sh A X, 5F Hi
ZAUHStEIES T AR N R A BUTE R A TR AR T #A
Bo HHOERENIORLER, PEE L A BIEREWE
BEHRATRE EELE S F 300 ~ 120 Ma (B — B4 —H E4)
(MK T4, 2000; Heinhorst J et al. , 2000; Jahn BM et al. |
2000a, b; Wu FY et al., 2000, 2002) , EHM, FKATIAN,
PSR EMERKTTRFEF G F -84, XL
BB ARLREE-BEZILA-E N MR RIS
HERAERY, X XK A K420 358 4 K 05 15 LU |
WA & £ (Sengsr AMC et al., 1993), Hit, B =& it
(=~ 289 Ma) LAHG, P& ILH b4 X E B HW A
WA B, FTRELLE [m) 38 4 % ¥ (Han BF et al. , 1997,
2004 ; Jahn BM et al. , 2000a, b; Wu FY et al. , 2000, 2002;
XFHERAE,2005) . HAh, RILAEHHXARLRETLE-B
BRLE-E N SUMZREEESWAEERERN, BT 5
Hubg 2 Hh A AR SR P AR AR TEE
BIFERL, H B i Fe A K =0T BE R4 A R3S L b 7 A
KHEEFRZ—

5.4 Cu-Au B R BHIFEEN
4T — MAETE T Hb @b ( Sillitee RH, 1997; Mungall
JE, 2002) , {RrpiEmE B EIRETEE Z T UA A T4
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NINININI N
SN ,. FR ~
Cu_—/}u@iﬂ(,

NSNS

—50 km

B9 RiLdbE XA RBIRETAE-BHELICE-E Nb TREUE LR AE (&) 7 RTE SRR

A a REAREM FHRE-H R LRI SR /RRRZ RN R ARG RLFE; B bREAREEE, EXILKNFERFERRE R AR &
AR, BRI R . AU IR R A B A S B A B R A SR, X R T M08 BRSO A i LA B s
e mRAYBEL, SRR R X RAE R, RN Cu (Aw) EHT YWRENEBYEHEABR AT, RERBURK A
HERLE-E Nb TREAUBRMXNE () TROER. IB-HEBRBRI; NTO-JLR ¥ ; YMTP-{RR- R IR,

Fig.9 A suggested model to produce Carboniferous adakite-high-Mg andesite-Nb-enriched basaltic rock suites and associated with

Cu (Au) deposits in the Northern Tianshan area

SR, — M EREENFEREER B RO BERE (),
BB F5 PR TT LA K B/ Fe, O, , X #4 K & Fe, 0, AR
R BB E 2 BRI IS B , K & 5 BU b8 B
WA fo, R, P S BRAY RS AL, RETE
(20 Au, Cu)ZERIBR A BIR A B AR S INE RS, HH
TR (Mungall JE,2002) , Mungall JE (2002) EZIARH
HPPEETET A BB fo, R IR BRI R AL RES S BOCR
Cu-Au §FREVFE R, KR T 5T BIE R IR IR e BUE 5K
BT HARE fo, WAF F4-29 b, LB L, BREAET &
MM RERWERRR BT Y HE RS ERE ()
(Wang Q et al. , 2006b,c) , HATBIEMTIFT NN, LEER
BARRSICERY RS R T I UL A e
PR AESER IR T A KM RE T A M £ 9 1k (Wang
Qetal., 2006b,c) , X REN: (a) XFIRE LA KRR
W fo,5 (D) EXFUTEELBHRMADHR,
FRILMAORL - EHST L ERERER X, ke
¥.0E LB ER RHSS, HE, HBILHA KL HHE
ETUHANSREZET R, WAL REESHE

ZWFEISE, L B-ERFETLESE Nb REEHE X,
ERLET SHERKEFT K, TR, X LA Re 85
TG RETEZRBIK USRI H TR E B
Fo BT, EARL, KILALEM b E B F B MIE
BLRPIRIA TEBUA 3 5 M AR 5 & A SR DU IR A, it
WARER Fe, 0, HIR 15 1R A 2 0@ BEAT , 5 & S 208
LA B9 fo, S8, b8 o ) & R BR ALY H B S AL, SR T
R0 Au, Cu) FMFHABIRFF K BmEELEXRE
Nb XRFERKH AMFE T HET KPR (E ), H
e, RN AR DRIA T E-BBERIL(FK) 58 Nb &
WKRAE SHERI XAFY, A EENHSEHRE L,

6 &g

(DXRUAEH X FEFARLHRELES-BERL
HEN ZREAAS, EMNTRHRE REZEXAMHIN
HHRAERI,

(2) RILAELBRSIA TR B A o] 8B i 1 RABIL R ILFE Y5
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RPESTE il B P RE AL

(3) RILde TR L LA A A HIsoE 2 (0BT 75 &
X)X E L A T R iR 45 1 5 R BB A &Y
HEERE K.

(4) RILEFARLE Nb TREE A RRE SR
KIULE , T AT BB R s AR P AR v 4k DL B 0 B AR ST ARG 3
DS BB A BT X

(5) RUBBR A RLH T EK AL B E,HA
REZE, IRUERRE,

(6) R fIRIXTEE HERIL(AK) A& Nb &
WMERFE TSR AEENHESERE L.

i BEERLHBHERIEA JIEHRR—H
AR FREIR LM KIEFER T LXASHY)
MR T EROBN R AR BT T A" Ac
WS4, FE DR A BMER TR TR, — I R gt
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