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Fig.1 Geological sketch of the Gunjiu iron ore district ( after Yu et al. , 2011)
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1 - Quaternary; 2 — Dibucuo Formation; 3 - Xiala Formation; 4 — Laga Formation; 5 — granite; 6 — monzoniticgranite ;

7 - granodiorite; 8 — acid vein; 9 — fault and its occurrence; 10 — ore body and its number; 11 — ore district location

JS - Jinsha River suture; BNS - Bangong — Nujiang suture; IYS — Indus River — Yarlongzangbo suture; STD — South Tibetan detachment system;
MCT - Main Central thrust; MBT — Main Boundary thrust
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Fig.2 Microscope photos of typical minerals from granodiorite
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Am - amphibole; Bi - biotite; Kf — K — feldspar; Mt — magnetite; Pl — plagioclase; Q — quartz
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Fig.3 Classification of amphibole from granodiorite (a after Leake ef al. , 1997 ; b after Ma et al. , 1994)

11.44% ~13.92% , ¥4 12. 98% ; w (Ca0) 3%  (FE3a);Ti &} 0.08 ~0.17, I B FTZ(1994) fA
10.69% ~11.57% , P-4 11.05% ; (R — A WE R4 WEREAS Ti - Si B 8% 26 5 8K 4 i 7
F4b, AR F & R 0.02% ~0.51% ,  F¥9% A ( 3b), % 5 KR e %1%
PR 0.29% o FANA H Na<0.5,CagE 160 ~ B I 2o £ DR 7 AR P BT 28, 90 0 0% i et 8 o
1.83 [, W5 INE RII, 8 Mg(2.52 ~3.06),  Z5@IBAR, BV f0 N 6 45 g J5 oK 32 J5 A 00 A 25
TE45 3 4 43 % R B2 48 IR 73 (Leake et al. , 1997)

£1 ARAKETARNGRTFRIESMER(%)

Table 1 Electron microprobe analyses ( % ) of amphibole from granodiorite

CQ09 -13- CQO9-13- CQU9-13- CQ9-13- CQO9-13- CQO9-13- CQO9-13- CQU9-13- CQO9-13-

e 1-1.1 1-3.2 1-4.2 2-1.2 2-1.3 5-1.2 5-2.2 7-1.2 7-2.2
Si0, 48.43 48.42 47.70 47.19 48.46 47.69 48.34 47.99 47.62
TiO, 1.57 1.38 1.33 1.46 0.71 1.18 1.12 1.43 1.57
Al, 04 6.85 6.70 6.69 7.40 5.40 6.90 6.59 7.00 7.53
FeO 13.38 13.84 13.87 17.60 16.28 15.12 15.13 14.32 15.00
MnO 0.61 0.59 0.65 0.73 0.69 0.63 0.55 0.73 0.75
MgO 13.92 13.60 13.86 11.44 12.22 12.76 12.88 13.35 12.83
Ca0 11.01 11.01 10.92 11.15 11.37 10.93 11.57 10.69 10.77
Na, O 1.58 1.46 1.62 1.50 1.13 1.71 1.49 1.69 1.76
K,0 0.16 0.17 0.20 0.20 0.16 0.19 0.20 0.22 0.21

F 0.32 0.30 0.24 0.25 0.36 0.02 - 0.32 0.51
Total 97.83 97.46 97.07 98.90 96.77 97.11 97.86 97.73 98.54

PL23 A O T B 75

Si 7.0851 7.1198 7.0580 6.9769 7.2700 7.0758 7.1137 7.0654 6.9939
AlY 0.9149 0.8802 0.9420 1.0231 0.7300 0.9242 0.8863 0.9346 1.0061
AV 0.2668 0.2803 0.2249 0.2657 0.2239 0.2816 0.2567 0.2792 0.2973
Ti 0.1727 0.1521 0.1476 0.1622 0.0798 0.1317 0.1241 0.1585 0.1736
Fe’* 0.6095 0.6286 0.5381 0.5504 0.6476 0.5476 0.5780 0.5697 0.5492
Fe** 1.0274 1.0736 1.1787 1.6260 1.3952 1.3278 1.2838 1.1937 1.2929
Mn 0.0761 0.0735 0.0811 0.0916 0.0874 0.0789 0.0686 0.0909 0.0934
Mg 3.0346 2.9819 3.0583 2.5206 2.7326 2.8224 2.8246 2.9294 2.8101
Ca 1.7251 1.7343 1.7312 1.7670 1.8277 1.7368 1.8236 1.6868 1.6942
Na 0.4493 0.4157 0.4636 0.4289 0.3275 0.4904 0.4249 0.4816 0.5001
K 0.0289 0.0315 0.0383 0.0373 0.0308 0.0352 0.0377 0.0406 0.0399
Total 15.3905 15.3714 15.4619 15. 4496 15.3524 15.4524 15.4220 15.4303 15.4508
Mg/ (Mg + Fe) 0.6496 0.6366 0.6405 0.5366 0.5722 0.6008 0.6027 0.6056 0.5993
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Table 2 Electron microprobe analyses ( % ) of biotite from granodiorite

€Q09 —13 €CQO9 - 13 CQO9 —13 CQO9 —13 CQO9 — 13 CQO9 —13 CQO9 —13 CQO9 —13 CQO9 —13 CQO9 - 13 CQO9 - 13

s -1-1.3 -1-2.1 -1-2.3 -1-3.1 -1-4.1 -2-1.1 -2-2.1 -5-1.1 -5-2.1 -7-2.1 -7-1.1
Si0, 37.92 37.65 37.72 37.74 36.76 37.06 37.43 37.58 36.97 38.01 37.39
TiO, 4.95 4.94 4.57 4.76 4.12 4.86 4.34 4.60 4.36 5.06 5.09
Al 0,4 13.34 13.28 13.10 13.16 13.07 13.15 13.49 13.24 12.95 13.05 13.31
FeO 18.91 17.90 18.68 17.76 18.44 18.78 18.73 18.35 18.25 18.48 17.87
MnO 0.25 0.28 0.29 0.25 0.27 0.21 0.44 0.25 0.23 0.24 0.32
MgO 12.05 12.47 11.78 12.54 12.62 11.71 12.22 12.23 12.12 12.27 12.41
Na, O 0.19 0.25 0.07 0.22 0.32 0.28 0.20 0.18 0.23 0.15 0.18
K,0 10.43 10.30 10.35 9.65 9.06 9.81 10. 44 10.35 9.59 10.81 10.71

F 0.53 0.45 0.39 0.27 0.77 0.24 0.49 1.11 0.49 0.00 0.00
Total 98.57 97.52 96.95 96.35 95.43 96. 10 97.78 97.89 95.19 97.28  98.07
PLILAS O JRFH BB 78
Si 2.8238  2.8207  2.8499  2.8426  2.8205  2.8204  2.8132  2.8302  2.8385  2.8308  2.8041
A1V 1.1711  1.1728  1.1501  1.1574  1.1795 1.1796  1.1868  1.1698  1.1615  1.1458  1.1759
AV 0.0000  0.0000 0.0169  0.0110  0.0023  0.0001  0.0084  0.0051  0.0107  0.0000 0.0000
Ti 0.2775  0.2785  0.2598  0.2697  0.2376  0.2780  0.2456  0.2608  0.2516  0.2832  0.2873
Fe** 0.1774  0.1754  0.1889  0.2170  0.1819  0.1912  0.1412  0.1678  0.1892  0.1625  0.1540
Fe®* 1.0004  0.9460  0.9916  0.9018  1.0010  1.0041  1.0362  0.9878  0.9830  0.9888  0.9669
Mn 0.0158  0.0176  0.0184  0.0159  0.0174  0.0135  0.0279  0.0161  0.0152  0.0151  0.0203
Mg 1.3377  1.3929  1.3271  1.4086  1.4437  1.3279  1.3691  1.3732  1.3873  1.3624  1.3868
Ca 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 0.0000 0.0000
Na 0.0280  0.0362  0.0108  0.0321  0.0473  0.0412  0.0289  0.0269  0.0345  0.0222  0.0257
K 0.9909  0.9843  0.9977  0.9269  0.8869  0.9528  1.0015  0.9944  0.9395  1.0266 1.0250
Total 7.8226  7.8246  7.8111  7.7830  7.8181  7.8088  7.8588  7.8322  7.8108  7.8375  7.8460
MF 1.1366  1.1822  1.1357 1.211 1.1727  1.1323  1.1254  1.1554  1.1632  1.1515 1.1683
Mg* 0.5683  0.5911  0.5678  0.6055  0.5864  0.5662  0.5627  0.5777  0.5816  0.5758  0.5842
Mg/ (Mg + Fe) 0.5318  0.554  0.5292  0.5573  0.5497  0.5263  0.5376  0.543 0.542  0.5420  0.5530
Fe**/(Fe** +Mg) 0.4279  0.4044  0.4277  0.3903  0.4095  0.4306  0.4308  0.4184  0.4147  0.4206 0.4108
1 :MF =2 x Mg/ (Mg + Fe®* + Mn) ;Mg* = Mg/ (Mg +Fe®* +Mn),

3.2 BxH

BoBEE -FaEHRR, B2 aHR
N, 46 . 4\e,N, -REA, EXmEER
T—HREeME, FIERE, EETHELE. Bat
WEB LA R K AR, 0 & AR A %R
A, BERBENRRE AL (E2),

BT HRE RS TR 2. ERAKET R
Z 8 w(Si0,) K 36.76% ~38.01% , -3 37.48% ;
w(Ti0,) % 4. 12% ~ 5. 09% , ¥ 3 4. 70% ;
w(ALO,) X 12.95% ~ 13.49% , - 13. 20% ;
w(FeO) g 17. 76% ~ 18. 91% , - ¥ 18. 38% ;

w(MgO) K 11. 71% ~ 12. 62% , -1 12. 22% ;
w(K,0) 5 9.06% ~10.81% , 5 10.14% ;F 4 &
BE, B ERE 0.00% ~ 1. 11%, F¥H & &
0.43% , 7F Foster(1960) =& 8" ¥y 4y L Kl ff b #R &
EHERBRZBXBHEEN (B 4a), 5XRERS
BEHERMBERREBR= ML, BA T &8
Hi%(0.20 < Ti <0.55) ,Mg/( Mg + Fe) H. {8 7E
0.30 ~0.55 Z[A B4 s (B BRI 5, 1994) , IR 9 4%k
THRNKEFT R TI FEA0.24 ~0.29 2
6], 334 0.27, Mg/ (Mg + Fe) W {EE Fl 2 0.53 ~
0.56 (AXfH <0.55) ,iF B T X i B = BE 3 A 5
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Fig.4 Classification of mica from granodiorite ( a-after Foster, 1960 ; b-after Fu, 1981)

A . FEE4EE(1981) Gt 9 B = & R H B L,
B RRHEHEANER BB XEIEE N (B 4b),
HAh, BB Fe® /(Fe’ + Mg) WIEBH —, %
T 0.39 ~0.43 Z A, iR KAEKNKET RS
BB B LA G R 18 3 )5 3 Wi A B 3 (Stone, 2000)
4 Wi

A INA MRS B8R A R 1R A B B
T, AT LS 7R 5 A B R R 3 AL 48 s TR X
JT R B GE & B Y 3EAL S A 3B W] DA R $8 R
R VR F 2 (PRI 45, 1987) 6
4.1 FREXB EFREX

WX ALK IN K A5 fK R 1 5 A 5 /A N A
(KR EE) A EMNE, RUFFEEH T
WK a (2= 5% ,2006) ; Abdel-Rahman (1994 ) 4
HREBEHEKET R FARE R, T BEXKE
FRAEE Mg, SEEKNAERZEE ALA BIEK
EHRZE Fe @ T HIHIHAEA A MgO -
FeO - ALO, Flf#, XK NKER B E
Mg, BEE I SIS R, 8n 8 T B K S (B
5);Bmd Mg" BRI KILEE R (Mg" >
0.45) RIS IR IE R (Mg" <0.45) KA1 B
Pk (B X4 55,1986,1988) 0 XIERINK AR =
B Mg" 5KITIRERIIE K5 —F, KT 0.45, 5
I RUAE 4 55 M i Fe’* + Fe’* 1 Mg #1264
Fe’* + Fe’ £ 1. 12 ~1.19 Z[d ( <1.3),Mg K
133 ~1. 44, XU R KWMT HERANKERE TETE
KA REE T A FIESE (W RS ,1988) . LAY
ERRGER 55 A BRI TR B EIE( T X
4§ ,2011) ,

BIGE i 5 A Hh R A2 228 Sr Nd [ 47 & A
LA Lu - HE RS R BF5E R, RS H S 16 <
902

MgO

WNEFBEFTHEEF

SUR TS

WEEBHREEF

FeO A|203

5 #XAKERZE MgO -FeO - ALO, E#
(#8 Abdel — Rahman, 1994)
Fig.5 MgO -FeO - Al,O, diagram of biotite from
granodiorite (after Abdel —- Rahman, 1994)

NKAERT -BEYREEREGH ™Y (Zhu e
al. , 2009,2011 ; F F 45,2011 ; 5K B2 1545 ,2010)
MFE K R A A TN A R0 PR = B A2 20 B PT A7
HHEFANS L. B, B8 MF 4358 1.13 ~
L21, R THAIR TR R & MF {H( <0.5) , 845
WSS R B MF (1. 27 ~ 1.36) {5/ (i i 32
%,1995) B AaRK T A RIFEHSHMA KR, 7
FINA AlLO, - TiO, (& 6a) F1 B %5 wFeQ"/(FeO"
+MgO) - MgO (& 6b) X R B, 45 R Bnte i A
HyEFETE - WBIR IR X i Ja , 2= Mk 2R 55 (2006 ) BF 5%
VG 5 T 7K AR S5 R 3R B, B R Y 08 U R = B MgO >
15% , e IR BB ) MgO < 6% , A B 53 B IR 2
T XBER MgO SEBANT11.71% ~12.62% ,BEA
7] F S Y 08 U B = B, ORGSR B B X B 8,
PR FEMEIR TR
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Fig.6 Al,O, - TiO, diagram of amphibole (a-after chen et al. , 1993) and

FeO"/( MgO +FeO") — MgO of biotite (b-after zhou. , 1986) from granodiorite

4.2 WMEVBUFZMH

R R o B R TE A R IR
MENSEYHEAFERETHEA - ENERE
Lo BERLER, BB ANREA R Al B EAHR
N RE ORI RFE AR g ALY AT LR BRAE Yo
i) E3% 5 31 5% ( Buddington et al. , 1964) , & & 4
B ERAKAE RSB LB AR, KR
WTEEHEREFMGT . B XERNKE SR
Z1H7E Wones et al(1965)Fe’* — Fe’* - Mg” " #E17
®’E, KA ENHEALTF Fe,0, - Fe,0, F1 Ni - NiO
Z I8 HFEE Ni - Ni0 ZZ v £k (& 7a) , $67R logf,, >
NiNiO + 1, Hh AT B B B4 R AR RGL T
HAEREFMNT . MINAH Mg/(Fe +Mg) 4 0.54
~0.65,F-170.61 ,tHX ¥ —, FIAE W R B T 85 %K
SRR NS - H (Ma et al., 2000) , HRIFEE
B3 B =8I R BE (630 ~680°C, F3X) . Fe’ "/
(Fe’* +Fe’" ) tLfH LA R FGREZ ] X R, i 5515 3
TR I A A AR logf,, 2108 - 14 ~ — 16 (Bt
WEE,1987)

AR EITE, MIHAMNA - B &35 YXHR
P g ME B Ti - Mg/ (Mg + Fe) [l ff 47 % &
T, RS (2006) R IN NG HITE S RE
EEPRBCERE . — 8K, Ra8 Ti 87 LUME
I HEEERRE R AR R E T, RS EE T &
5 iR E BIE H (Buddington et al. , 1964 ; &Gt
%,1987) , BB BR =B Ti &K 0.24 ~0.28,
BABENEREE; RABZE Ti - Mg/ (Mg +
Fe) #1331 7E K N & WA R E 2 630 ~680°C
(B 7b), FIAMANA - B85 Y3 EEE#

B8 (B 7c) BB/ IR NKETERE T
1.5x10° ~3.0 x10°Pa Z |8, BEERZ (2010) @
AXHERETANAMBR 2B ETT, AN
HRETFEANAMB BT YAHE, & HRTH
AFT YT EREEET. BT RERRER
WK EFANANREE SRS B4, BOH A
N2 RAEE S, P( x10°Pa) =4.76 x Al" -
3.01( Schmidt, 1992) , i} & 8 5|45 5K 1. 53 x 10°
~3.12 x 10° Pa, ¥4 2.50 x 10°Pa, 5 AN A - 2
R Y HTRE R SR — B B BUE R T
Y%k 7. 5km,

FIAZFE (1987) PR KILP T FER MR
ANENRH, BB B Fe/ (Mg + Fe) 5 H 45 F i A9 IR
FEE 1B UIMER, IF BSE T W A . Fe/ (Mg + Fe)
Ho B 5 45 & IR BE R BE AR B AE 56, 5 IR J L E AH
Ko FRBERE EN ERERRERY, R
T ALK IN K AT BT 85 IR A 630 ~680°C , 2y 2.50
x 10° Pa f) FE J1 il logf, = — 14 ~ — 16 B A& F 4
T, X 58K Fe/ (Mg + Fe) LAY & .

4.3 T REX

RUGT R NKER T w(Ti0,) FH
4.70% ,w( AL 0,) ¥ 13.20% , 5K IL# T W &k 4
TR AR B T, & &85, ALO, X
(525 %,1987) f e S —3 . B BH Fe'' -
Fe’" - Mg’ " Eff# b, B & S0 T 850 57 PR A 56 B9 A%
TR (B 7a, B K T,1982) . BFRERBR,E
BEVEUGRFE R T SRR BT T R A B ULVE A B
KUEHERE N &8 ITK (Fe Cu) HEAE I
WG EE R R T 455 /Y & 1 (Silltoe et al.
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Fig.7 Oxygen fugacity (a after Wones et al. ,1965;
Hong, 1982), temperature(b after Henry et al. , 2005)
diagram of biotite and pressure diagram of amphibole

( c-after Chen et al. , 1987) from granodiorite

1997) ; H Fe A9 %< HUE BRI BE (1E 450 ~ 650°C Ji [
) RIE B (R SE,2000) o A= Y58 3k B 46 54 1N
K24 630 ~ 680°C Hl logf, = - 14 ~ —16 & F 4%
fn, AR X AT EARY RET Y, 08T 6 a%
AR R T 600°C (RTIGEHRL) ,HRIER T AR EA
IR I 43 5 B9 AT T AR ER B R A R
1 B RRAE , 3X R R 3 L R R IR Fe HEA
904

HHIF RN ARG T BEM YR BF
A BVBRE Bk £ B LA s L A/ B4 S R KBk AT
Wiz, Cl™ Xk p iz B8 s, HIRE F- (B
—M52%,1992) o ARDTREMNA MBS EFH F
& B3Rk 0.29 A 0. 52, RGBT ROR B
NIRRT B KR NaCl - H,0 & & (R Tl %
B RAERRBEAFRET(F MC ) &R
BE, FENKE T AR Y RNTIE amRfgT
AT B 5 s B AR Z T T # R A B Bos i
IR R R I - ALY B BRI T R
FAREFFH ORIV , AL /S aWiE B
Fe TR BA 18 B BB 41 T ULHE VB R .

5 &%

(1) BBy HERANKETARNARBEAN
A, BB ERBR T HEYNEREE, B
R ¥ 0 18 % 5 B AR B AR

(2) AANAMB AR SRRRAGT TR
KN A BRI T RIE KA, e i@IR A R TE, it
BRIEKATERBRE logf,, = - 14 ~ - 16,11 F
630 ~680°C L& JE J7 1.5 x 10° ~3.0 x 10° Pa £ {2
TIRALS & o

(3) AFPMBARGERN IR AR EF B RIE
T Fe TRMBY . KEFER, ME &K EF(F M
Cl") AR B AR TR KLY/ &S
BB IR T 804K, B 1E A AR 1R ) R R
I DA K s S B R R PR DT TE 4R B T &M
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Genesis of Granodiorite in the Gunjiu Iron Deposit of the Nixiong Ore-field,

Tibet: Evidence from Mineral Chemistry

YU Yu-shuai'*?, YANG Zhu-sen*, GAO Yuan’, LIU Ying-chao6 , TIAN Shi-hong4 , JI Xian-hua’
(1. Wuhan Institute of Geology and Mineral Resources, Wuhan, Hubei 430205;
2. Research Center of Granitic Diagenesis and Mineralization, CGS, Wuhan, Hubei 430205;
3. Key Laboratory of Nuclear Resources and Environment ( ECIT) , Ministry of Education, Nanchang, Jiangxi 330013;
4. China Institute of Mineral Resources, CAGS, Beijing 100037
5. Jiangxi Institute of Geology Survey, Nanchang, Jiangxi 330201 ;6. Institute of Geology, CAGS, Beijing 100037

7. School of Earth Sciences and Resources, China University of Geosciences, Beijing 100083)

Abstract: The Nixiong ore-field is an important part of Coqin-Shenzha iron and copper metallogenic belt. The Gunjiu iron deposit is a typical repre-

sentative of the Nixiong ore-field. The granodiorite and monzogranite in this deposit are associated with iron mineralization. In order to discuss the source,

characteristics of the magma and to reveal the physical, chemical conditions in the process of magma emplacement and crystallization, this work has made

detailed mineralogical identification and electron microprobe analyses of minerals from granodiorite. The results show that the granodiorite is mainly com-

posed of plagioclase, potassium feldspar, quartz, amphibole, biotite and few accessory minerals. Electron microprobe analyses indicate that the amphibole

which is poor in titanium but rich in magnesium is attributed to magnesiohornblende. The biotite belonging to magnesian biotite is of magmatic genesis.

The analysis shows that the granodiorite belongs to calc-alkaline I-type granite, and granodiorite was formed from a mixed magma between the partial melt-

ing materials of the crust and asthenospheric mantle in late Early Cretaceous. According to the chemical composition amphibole and biotite, the granodior-

ite crystallization occurred under the conditions of high oxygen fugacity about logf,, = —14 ~ - 16, high temperature of 630 ~680°C and press of 1.5 x

10® ~3.0 x 10 Pa.

Key words: genetic mineralogical, granodiorite, Gunjiu iron deposit, Nixiong Ore-field, Tibet

906



