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Mineralogy of ore-bearing porphyries in Lailisigao’ er area of the West Tianshan
Mountain and its implications for petrogenesis and mineralization

ZHANG Dong-yang, ZHANG Zhao-chong, Al Yu and SU Hui-min
(State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Beijing 100083, China)

Abstract; The West Tianshan area is located in the northern part of the Yili plate between the Junggar plate and
the Tarim plate, and is an orogenic belt between the Junggar plate and the Yili basin. Porphyry deposits are mainly
developed in Lailisigao’ er area lying in the central part of the Late Paleozoic Biezhentao-kokirqin arc island. The
straight distance between the 3571 Cu deposit and the Lailisigao’ er Mo deposit is less than 1 km. The ore-bearing
porphyries are predominated by monzodioritic porphyry and granodioritic porphyry. Systematic petrological and
mineralogical investigation indicates that the rocks are orogenic calc-alkalic granites formed under the conditions of
anhydrous high-temperature (740 ~790°C) and high oxygen fugacity (10 ~ 10" Pa). Porphyries in the 3571
copper deposit were emplaced shallower than those in the Lailisigao’ er ore deposit, as evidenced by the estimation
of the pressure (the former being 140 ~230 MPa and the latter 300 ~430 MPa). In addition, they were derived
chiefly from the crust contaminated by mantle materials. Based on geological setting and geochemical characteris-
tics, it is inferred that the dykes outcropped in the 3571 copper deposit may correspond to the upper part of the
dykes from the Lailisigao’ er ore deposit, and therefore the area beneath the 3571 ore district should be regarded as

a potential target for the prospecting of porphyry Mo deposit.
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Fig. 1

Xinjiang Bureau of Geology and Mineral Resources
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Regional geological map of Lailisigao’ er region, West Tianshan (after Wang Zhiliang et al. , 2004 ; No. 7 Geological Party,
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1—Lower Permian Wulang Formation; 2—Low Carboniferous Dahalajunshan Formation; 3—Middle Devonian Hanjiga Formation; 4—Upper Silurian

Boluohuoluoshan Formation; 5S—Upper Silurian Kuruer Formation; 6—Upper Ordovician Hudukedaban Formation; 7—Middle Ordovician

Nailenggeledaban Formation ; 8—monzodioritic porphyry; 9—granodioritic porphyry; 10—geological boundary; 11—fault
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Fig. 2 Microphotograph of ore-bearing porphyry
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a—corrosion of quartz( Q) in monzodioritic porphyry in the 3571 copper deposit, plane polarized light; b—polysynthetic twin and zonal structure of pla-
gioclase(Pl) , and its partial sericitized alteration in monzodioritic porphyry in the Lailisigao’ er molybdenum deposit, crossed polarized light; c—zonal
structure of plagioclase (Pl) and its partial sericitized alteration in monzodioritic porphyry of the Lailisigao’ er molybdenum deposit, crossed polarized
light; d—simple twin of amphibole and chloritization of biotite in localized monzodioritic porphyry of the Lailisigao’ er molybdenum deposit, crossed polar-
ized light; e—heavy chloritization of biotite in monzodioritic porphyry of the 3571 copper deposit, crossed polarized light; f—simple twin and partial chlo-

ritization of amphibole and chloritization of biotite in granodioritic porphyry of the Lailisigao’ er molybdenum deposit, crossed polarized light
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Table 2 Electron microprobe analyses of feldspar
PE 3571 e KPR R
FEfm S D3-1-1 LLK-3-2 D8-1-2 D9-1-1 DI12-1-5 DI12-14 DI12-1-1
Sio, 64.85 64.31 63.77 64.43 64.45 64.70 64.94
TiO, 0.30 0.00 0.00 0.58 0.44 0.00 0.07
AL O, 17.84 17.86 17.74 18.36 18.28 17.50 18.03
FeO 0.06 0.38 0.03 0.00 0.00 0.00 0.08
MnO 0.00 0.15 0.16 0.00 0.00 0.00 0.00
Ca0 0.00 0.02 0.00 0.00 0.04 0.00 0.00
Na, 0 0.59 1.10 0.48 0.18 0.39 0.44 0.70
K,0 16.98 15. 66 16.99 17.05 16.96 16. 68 16.71
Total 100. 62 99.48 99.17 100. 60 100. 56 99.32 100.53
Si 2.996 4 2.996 2 2.994 6 2.975 4 2.978 4 3.019 9 2.998 5
Ti 0.010 4 0.000 0 0.000 0 0.020 1 0.0153 0.000 0 0.002 4
Al 0.9715 0.980 7 0.9818 0.999 3 0.995 6 0.962 7 0.9812
Fe2+ 0.002 3 0.014 8 0.001 2 0.000 0 0.000 0 0.000 0 0.003 1
Mn 0.000 0 0.005 9 0.006 4 0.000 0 0.000 0 0.000 0 0.000 0
Ca 0.000 0 0.001 0 0.000 0 0.000 0 0.002 0 0.000 0 0.000 0
Na 0.052 9 0.099 4 0.043 7 0.016 1 0.034 9 0.039 8 0.062 7
K 1.000 5 0.930 3 1.017 4 1.004 0 0.999 4 0.992 7 0.9839
Total 5.034 0 5.028 3 5.0450 5.014 9 5.0257 5.015 1 5.0317
Ab 5.02 9.64 4.12 1.58 3.37 3.86 5.99
An 0.00 0.10 0.00 0.00 0.19 0.00 0.00
Or 94.98 90.26 95.88 98.42 96. 44 96. 14 94.01
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3o M Leake 55 (1997) 070 2 T7 ST I35, il
SE AN AR AL 7R LE PR A1 BEATN AT (181 3) 6
4.4 EXH

TR BR3P nwss R B B A R R AL T A
3571 H 4 B Al A DL, T RE 2 N A e A A ot
AP TEL(E 2e) o A RO TRET TS
I LUEO 1R R TR (R 4) R DRI
P (11 4) v, S D i e ZR B PR DX B (A o PR B
& TR R iR R m b

5 e
B3 AINA R 2 (R B Leake 25, 1997)
5.1 ZARE Fig. 3  Classification diagram of amphiboles

HHRBPREEE AT YR A NGO BB (after Leake et al. , 1997)
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Table 4 Electron microprobe analyses of biotite in Lailisigao’ er molybdeum deposit
s D8-1 D8-2 D10-1 D10-2 D10-3 D8-02 D8-03 D10-2 D10-3 D104 D10-5
Si0, 36.74 37.16 37.01 38.04 37.20 36.06 35.69 35.68 37.48 35.73 35.29
TiO, 4.67 4.53 4.16 4.33 4.08 4.19 3.90 4.19 3.61 3.81 4.35
Al, O, 13.75 14.22 13.98 13.86 13.80 13.16 13.85 13.60 13.73 14.07 13.76
FeO 19.61 18.93 19.82 18.49 18.30 23.22 22.30 22.82 21.59 22.39 21.24
MnO 0.64 0.07 0.38 0.00 0.32 0.50 0.30 0.51 0.19 0.00 0.51
MgO 9.87 10.39 10.13 10. 62 11.01 8.77 9.71 9.49 9.80 10.43 10.57
Na, O 0.27 0.39 0.19 0.36 0.43 0.12 0.26 0.15 0.11 0.00 0.02
K,0 9.56 9.81 10.06 9.99 9.93 9.22 9.52 9.05 8.82 8.82 9.88
Total 95.11 95.50 95.73 95.69 95.07 95.24 95.53 95.49 95.33 95.25 95.62
Si 2.8295 2.8329 2.8351 2.8835 2.848 1 2.8211 2.77517 2.777 8 2.878 6 2.768 5 2.7390
Al 1.170 5 1.167 1 1.164 9 1.116 5 1.1519 1.178 9 1.224 3 1.2222 1.121 4 1.2315 1.258 7
AV 0.077 6 0.110 6 0.097 3 0.121 8 0.093 3 0.034 5 0.045 2 0.0257 0.121 4 0.053 3 0.000 0
Ti 0.270 6 0.259 8 0.2397 0.246 9 0.2350 0.246 6 0.228 2 0.245 4 0.208 6 0.2221 0.254 0
Fe3* 0.234 3 0.2257 0.200 3 0.240 1 0.188 9 0.205 2 0.146 8 0.186 5 0.268 3 0.197 1 0.1317
Fe?* 1.028 7 0.981 2 1.069 5 0.932 1 0.9829 1.314 0 1.303 7 1.299 4 1.118 5 1.253 8 1.247 0
Mn 0.0417 0.004 5 0.024 7 0.000 0 0.020 8 0.0331 0.019 8 0.033 6 0.012 4 0.000 0 0.0335
Mg 1.1332 1.180 8 1.156 8 1.200 1 1.256 6 1.022 8 1.125 8 1.101 4 1.122 1 1.204 8 1.223 0
Ca 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0  0.000 0 0.000 0 0.000 O
Na 0.040 3 0.057 6 0.028 2 0.052 9 0.063 8 0.018 2 0.039 2 0.022 6 0.016 4 0.000 0 0.003 0
K 0.939 3 0.954 1 0.983 1 0.966 1 0.969 9 0.920 2 0.944 6 0.898 9 0.864 2 0.871 8 0.978 3
Total 7.7657 7.774 3 7.799 7 7.759 9 7.8111 7.794 8 7.8532 7.8135 7.7317 7.8029 7.868 3
TaE 52.71 50.55 52.33 49.41 48.25 59.76 56.30 57.43 55.28 54.63 52.99

BB EE = Fe/(Fe + Mg) x 100,

K4 BB 2B R EE Foster, 1960)
Fig. 4 Classification diagram of biotite (after Foster, 1960)

FER IR A SCE A R . AR A IN A B AR T
(BT%0<0.5) . F Mg/ (Mg +Fe) (0.44 ~0.70) %
fiE, 48 75 Hooh 1T BIFE  a U, TdE S BlEg A A
( Chappel and White, 1974; White and Chappel,
1983; Clemens and Wall, 1984) , fiINA FFAVEEFEEL
M[ Mg/ (Mg + Fe’* ) ] {H J&: X 4350 B | 57 8 7 71 3 7Y
PR 7 B HE AR A ( Leake, 1978) , 18 T 46 14 2 H £
NAHE) M A{E >0.7, e B K A P AN A M {E
<0.5,5CMRIAE I ) A I AT ) MO T 0.5 ~
0.7 ZJa), AH BEA i M EZEALTEE Dy 0. 54
~0.75,F{H 2 0. 63, Fe e 1 He7e i AL 5 o )
IrRE R JIAMRAE F IN AT TiO, — AL O, iR (181 S)
AR, AN DA R A 2 AR e M R R DX, 9020 i v
TESCIRIX, I H. 3571 il i B 1A v 1) £ TR A0 L3I T
iR R BT B AR AR DA A SN SE TR X, MR
TR B R A X ) BT ORI T b e, OF A



1 W

528 &

K5 faINA TiO, — AL O, K (FRHEHROEIE ST, 1993)
Fig. 5 TiO, - Al, O, diagram of amphibole ( after Chen
Guangyuan et al. , 1993)

T 254 (1988) By B 5%, M AL 5 2R = B
MgO >15% ,5GiB= BEH MgO < 6% , A% X il A iy
R MgO 1y & B2 TE 8. 7T7% ~ 11. 01% , - 4
10.07% , AFeidsd PR . £ B BEH FeO'/ (FeO'
+MgO)— MgO [Elfif (&l 6 ) Hr, 3 by W i ZR A0 IS X,
BEA AR 1) 28 2 B 24 5 T oe i R X, 004 K
TESCIR X, SBRAS DX 7 ) ot = R 05 T e, JF H
AR X W5 A N PR 5 M (A
I3t AN A TiO, — AL O; BRI A4 RIEA —EL

S5 BB FERE I A IR (R 4) |, Bl
S ALY (0,000 0 ~0. 121 8) fIETF S UK B 4+
(0.353 ~0.561), J& T T BIAE R A 1 B = £ (0. 144
~0.224) (Whalen and chappell,1988) ., 7E/SIKECAT
Mg, Fe B T3¢ R Jy il , KL H Fe’ "+ Fe'* 5 Mg F

F6 RAEHE FeO'/ (FeO' +Mg0)~ MgO [& (I
JAVERR,1986)
Fig. 6 Fe0'/(FeO" + MgO)— MgO diagram of biotites
(after Zhou Zuoxia, 1986)

Bt b e, B4 R ZHUHE Fe’ '+ Fe' < 1.3,
Mg > 1. ORIl N, [ FE s B T B AE i (Rl
RUAE ) FRAE (5 R AE,1988) o #R e )55 (1984)
RO B 5 B MF[ MF = Mg/ (Mg + Fe**+ Fe’*
+Mn) ]k X 4 [R] 45 79 FN oA B AE <) 7, MF < 0. 38
HBGE IR B, R Z R [ B AR i o o A X T i
FEh MF {2 0.40 ~0. 56, LB TE /R—l e
T [ B (T 8Y) B a2, e s I Rl 4 5 S I
FOIE R, X 5 H R 2R R AL 22 R AR 15 ) 2508 —
FH (HRAPHSE,2008)

Abdel-Rahman (1994 ) 84 4531 T {H: AR 2 A 6] 2k
BUAE 5 b R = BB G, & B AT DL R = B
FeO'-MgO-AlL, O, 4ISAA RLIX 46 b 55 B9 28 7, b
AR IR AL < 5 2™ T el Jek R, R
AT R RE R SRR A ) i BRI Y
Bt BAHE Fe Flk; 5 Z A, 38 L 19 55 Gt
o A5 AT O IR o AR e AR K AR R )
AR TG B VRSO L SO R S O R s B
HATE Mg AHXTE AL FIEE Ti AR IE. BAX RS
BHGE 5 FeO' —MgO — ALO, EIff (& 7) |, KB
TEAEAE LA EGBRPE B B (C) IS 7S A IX B 78 P
Siffri ¢, 0 BB = B HA S Mg A& Al fiZE Ti
FIARFAE , X 5 A X B sk fb 2 AR B Al s th 1Y
HuIRZN) S 2 A PR A R — B (SR AR PSS ,2008 ) .

K7 MzEEFeO' —MgO— ALO, F(JiEEHE Abdel-Rahman, 1994)
Fig. 7 FeO' —MgO — Al, O, diagram of biotite
(after Abdel-Rahman, 1994 )
A—AEE LA BRI R B BEATE X P—id SR AR A (2
i S ) B R BEITE DX C— IS 1L S B E AR b 5 Hh PR S BRI AE X
A— area of biotite in alkali granite of the non-orogenic belt; P— area of
biotite in peraluminous granites (including S-type) ; C— area of biotite in

calc-alkaline granite of the orogenic belt
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5.2 YIBUEEG

FRNAG 1T 5B I TR T IR
K, A& H AN A, Bl T s, (Na + KD Al
ALY i ALY 6 R TR ) 3 (Journon et
al., 1989) o R BRI YA I B S LAy 325
R PAL 2 A8 I 255 1K B (Guidotti, 1984
Hewitt and Wones, 1984 ; Speer, 1984) , 45 E A3 R
HH BURFE 3 1 25 B (Abdel-Rahman, 1994) , 75 41
— LRIV ESE , NI BN , = B0 R
WL LA (PMIEAE 1988 ;Sun and Yu,2000; 5KEEAE,
2004) . Ak, AN A R BRI 88 AT RO B
TE LI S A TR U AT R

1 B 2 BERHL T ERET A4 2R (R 4) \T 3, Si0,
S TE 35.29% ~ 38. 04% Z [a], SE-3 K 36. 55% ;
Ti0, S5 LG H 3. 61% ~4. 67% , A" & i 4
0 ~0.121 82 [u], FA 2 BEY AR 25 44 = AIK ALY
a7 HIE T AR S A fo, A9 BLREE (Buddin-
gton and Lindsley, 1964 ; Albuquerque, 1973) , 7K

VEFH AN A R 2= B P T2 L i (BT 8) FHSR 2 B
Ti — Mg/ (Mg + Fe ) I fif (] 9 ) %o 3 7 397 8 2R 4
B R A IR 0L T g 25 A 2 ol ik A7 Al B3, i
WoRHIE K 71 4 200 ~ 300 MPa, jf £ 740 ~
790°C , J& # 2 W L 45 il 2 78 A 7E 580 ~ 740°C 2
] ZEH IR AEERPAINA R BB YR
ZERWB BT — Mg/ ( Mg + Fe) TR 4
A B, NS —Fhr A B AR AR T AR R
[E] AR I B2 (700°C) , P RE S Wl 2% 3 A i) ok 7 v SR
=B} Ti0, & B AR, BRI S35,
454 Ma 55 (1999 ) | ZEHAARAE (2004 ) BT ik 7Y 5 9 4F
iS5 s 9 BELE P 08 264, S UM I 248 s )it
(Hollister et al. , 1987) 3RAFH7 3571 Hil# Bk 71
JEHEA 140 ~230 MPa, [fif 3i€ Jy Wi &5 750 81 07 B2 14 R
JIFEEDN 300 ~ 430 MPa, B2 [1 3571 Hil# B 51K 12
TN T e B A — R BT 6 T G S e
G A EERE AR, AT RALRR ISR N
REKRESNZS %,

K8 LA A N A B WL T ) TR e R TR B bR SR 45, 1998 )

Fig. 8 Relationship of composition of coexisting amphibole — biotite to temperature and pressure (after Lin Wenwei et al. , 1998)

Wones #1 Eugster( 1965 ) i i3 BT 5% 5 g kw0~ A0 47
KA BB AR Fe' Fe’ ' il Mg 7T B 250k
(AR E e — Fe — Mg =34 5L
fift (E10) BRI R A X8 2 BEAE A 24 P 7E Ni-
NiO(NNO) 5 Fe,0,-Fe,0,(MH) ZZ #h X Z [i1] , I H T
HEIL Ni-NiO(NNO) Z £k, & WA DX AR 11 4k
JE#R R T NNO AR B TR 1 fo, &0, S8 =
TR R AU ALY I g8 7R 19 85 fo, A BOERBE — 3L,
TN R IEPEE R R B BER Fe/ (Fe + Mg) {8, F1J 1]

Wones Fll Eugster(1965) 7E p,,,, =207.0 MPa Z&{ T &
AR BB log fo, — ¢ P (P 1L)  SRAT 3D s
IR—APEARTE BRI E (log f,,) F 1077 ~107" Pa,

2 E TR, AR X BEAATE BGR E  740 ~790C,
BFUREE R 1077 ~ 107" Pas3571 i B A 130
4 140 ~230 MPa, 1y 3 Ji 9 i 29 S0 A B 1 [k 73
Fil 2l 300 ~430 MPa, {ij4 i B ) W 2 o Js & 244K
5.3 ETRTEX

PEG T PRI H 7™ T AR ™ A= 14 B 9
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9 MZAETi—Mg/( Mg+ Fe) j5EE &l i
(i & Henry % ,2005)

Fig. 9 Ti—Mg/(Mg+Fe) geothermometric diagram of biotite

(after Henry et al. , 2005)

RitiZx 9K 24 55 A0 Al 48 3 1L o A2 op (Sillitoe, 19725
Karimpour and At kinson, 1983 ; Defant et al. , 1993;
PSR BESE 2004 ; F 58 55,2004 ) o MBIFSE X0 07 5%
FGKZR FH A (2008 ) (49 BIF 58 R 7T, A DR T il 7Y
AR REIRFREE , BAT 120 A R R - M5t 25700 A
X BEA A L) AN B B R N BES 32, 91 B
oy VBIAE #0205 R B A (A LSO a0 R
(BRUL 55,2004 ; J7 45 ,2006) o

TIA, TN AR B B R R
RBREH R SN ZIT R Iz K AR 4,
W VFZ AT TC R M BRIV L0, HoAL A oy
S AL AT DA R St 46 75 A [l A 2 R K HL g
W RER IFAIE RN RS PR bR, 4w $2 fit
Fo7n 2 (B B LEE,2003a,2003b) o AR FTA, 3K
W R —l B BEE R F N A Si0, MgO 1 1533
Almm AR, X5 8 &S (2003b ) 5 H 95 569
A RIERPAINALUE Mg, Si 4 s S — 2
Ishihara(1977,1981) ,Streck F11 Dilles (1998 ) #& i Bif &
A ) N AR RS I, 13k PR D SR B
TRAIE T BACYIANTE L BIB Be 2 it B L. A X B
WU BT 5 fo, WA FEREE, H log fo, &t Ni-NiO
(NNO) 2k, $57 A IX 2 AL AU b o, iX B oy -
IR RARHE T IISIRE . 45 G P a1
WP RE SO BT i B A7 55 A0 7T 0, 3571 4
BEEAR LU DT T IR BT B VA 0 1 57 TR i T R
AT DU 3571 F B AR 24 T3 D s 2K BT Y
RIS, BRI REAATESEUARE, SiZ X iR 1L 7
HES— (SR AR PSS ,2008 ) .

B 10 HBf)Fe' - Fe'* — Mg =it i [#lfift
(B ¥ Wones and Eugster, 1965)

Fig. 10 Fe’*—Fe’*— Mg diagram of hiotite
(after Wones and Eugster, 1965)

BT BRBE log f,, —t EIfE (RS Wones and
Eugster, 1965)
Fig. 11 log f;, — t diagram for biotite(after Wones and Eugster, 1965)

6 ZEip

(1) SEPTITES IR — M BE A DL = R IR BEE Ny
I, LML R R B 20 IS LA 0
Fi BN T RO IR R, H
S DR ATRR I A B A7 B £ IR 20 B B T
N it )

(2) AXEAERE T &L ES e RS, P
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ST il o o, AOPREE, AR AR X BES AT I
TR R 740 ~790°C SR EE M 1077 ~ 107" Pa;3571 4f
W BEA RS 140 ~230 MPa, i3 i3 i 2R 41
O e AT I A 300 ~ 430 MPa, BAH) 57 32 2k
e, I BA D B A .

(3) 3571 $a" BEA PR al BEAH 4 T3 1y 0 e /- 4
B AR, FETRES n] REAFAESSBLEHA , B SHE 4%
RIS

it EoN AT R AT B 5 S MR R IR
ARk A& & AR 6 B, A6 LH Il A2 P 173
PEMR AT (LR WF LR S L IR 8, B
L FRALIT AR T B9 BE L, s e
FRIR B A
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