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Abstract: Mineral composition of biotite is a significant indicator of revealing the crystallization conditions, petrogenesis, min-
eralization and evaluation of ore-bearing potential in porphyry copper deposit systems. This study utilizes electron microprobe
analyses (EPMA) to determine the mineral composition of biotite in Yuhai and Sanchakou porphyry copper deposits, Xinjiang.
The EPMA data shows that the characteristics of biotite are rich in magnesium and poor in iron in ore-bearing intrusions;
whereas those in ore-barren intrusions are rich in iron and poor in magnesium. The biotite is mainly composed of re-equilibrated
Mg-biotite in ore-bearing intrusions and is primary Fe-biotite in ore-barren intrusions. The host rocks of all the biotite are I-type
granite and are formed during subduction. The ore-bearing magma was derived from the mixing of mantle and crust, however,
the ore-barren magma was mainly generated from crust with involvement of juvenile crustal components during formation. The

crystallization temperature and pressure of biotites are 529—677 °C and 1.1—2.8 kbar, and they formed in the condition of high
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oxygen fugacity. In addition, the Mg/Fe and Fe*" /(Fe?’" +- Mg’ ) of biotites may be used as a tool to discriminate between the

ore-bearing and ore-barren intrusions in porphyry copper systems.
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geochemistry.
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Fig.1 Sketch showing the tectonic units of the eastern Tianshan (a); geological sketch of Yuhai copper deposit (b) and

Sanchakou copper deposit (c)
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Fig.2 Photographs showing the characteristics of petrology and mineralogy from Yuhai and Sanchakou copper deposit districts
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0, — W4 (0, W5 48 (1) 2B = B R R AR & T
kL] (B 2k o 17 6 4 €8 1Y 2B = B 52 DB 0 A
T4 Wy dib A PN 38 DA SR ] (& 21, 2m) s s BE S 8
FOR T OB, — 5 T kL, 5 R R
B KA a3tk (B 2m), AT RE N I AR = B
—HRATVR K A B A (B 200 L AT RE S R I B
AR ).

TR E AR TR B 1k 2 8 AR SO BRI
TS B 55 1 25 B R T HL AR B R X AT
WAk 18053 43 A 0 A 3 7 o R 2 B T N Bk
FE2E WG T ) 5 T 2 T S = 58 L R
i JEOL JXA-8230 Bl ML FHREHL (EPMA) , T 4%
R B R 15 kV, B 20 nA B E A& 1 pm,
FrRdf R A SPT A Wl (1) ik TR 5 1 S AL P Am A L Ik 52
B % A B A ZFT 48 IE s b 47 AL BR L 23 B i
22/MF 0.01.

3 WML A AR

BARR T HRE 2R LR 1L BB E5 X
EET 22 NMEE AR, T Fe'T M Fe' SR
AR SCEF AL U A (1994) 1Y 7 ik 4R A5 HoH 530 9 BH
FHMALS R 1L as R BR, &5 16X N
KBES M A EINK S R = BB &8 (MgO.
11.84% ~18.08%) . #% £k (FeO:12.66 % ~20.32 %)
FRRAE , R (TiO, 01,11 % ~3.34 %) FI4S 1 & &
FERT AR, 3085 BN AR L i 0 i A AIE, H Mg/
(Mg+Fe)HATF 0.53~0.70; M ILH 1k =B IE K
P R S BB A B (MgO:8.38%0 ~9.41 %)
FIAR AT & 4k (FeO:19.80 % ~22.17 %) Hy R AE , HLEK
(Ti0, :2.37 % ~2.61 %) 7 A XT3N, BA 8 1)
R (ALO;:16.30% ~16.99%) 81 (K, 0:9.61% ~
10.13 %) #l4h (MnO:0.89 % ~1.16 %) & & , 7% 45 Fl
B, H Mg/ (Mg + Fe) fH A 0.40 ~0.45. F Foster
(1960) 1 2= Bk 43 FE 1B it vh , A6 5 TN B0 25 A1 2 [N
KAF BN NEER BB, s K s
PR RENRRR S, LS A LR
(K 3) ;1M 7E B = B8 Fe/(Fe+ Mg)-Al" [ fi#t i
(Deer et al., 1992) , 46 N K BEA FLA TN K A
() B R BRI & B AR A TP R B B Sy gt
ZBECE 3b), 7R T B BRI A T AR =
RTINS R R0 BoR, HEE
MR T MR o B, D A Bk A X A (B
B4 2009).

4 PHE

4.1 =HEHREEER

PR BRI AT DA 4 SR o R PR s B R RO R
B EATTE A A T A B S ) R O 2
85,20017) AR 2 Bl — i 2 B TR O L CR 25 4
DA B % R EE B, 2 (0 Mk 59, 48 (6 R B G 8 H
B0, (Nachit e al., 2005; FEE4E 2017). T A ¥k
WFFE T i 2B 2 B F2 245 0 bR TR A8 (0 1) e = BE R
v o= 1 2. = B (B 2h, 2k, 2m) L 7E 46 B N
KBER pif BB =, 2 @tk R, 0k
L, I E K R BB RRAEL AL 7E BE A B A
REH BB Mg/(Mg+Fe)HLZE X 453K
P2 R RV PR 2 B i ) b R Ak 2 AR R 22—
T AR B S REAH X T A KR 2 B AT S ) Mg/ Fe
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W ERINRKREE (=8 H)

O AN KRR

O “XRHERS ()

A ERINCA (F R, 2009)

70

40

B OA
20

BRI B

%&I{:ﬂ ENEPRL: \

Al"+Fe*+Ti 80 47

Fe’+Mn

4.00 (b)
300 gz et = B
q
240 F .mﬁga &°
:
1.60
0.80 Gtk Yt
0.00 I 1 L L

0.00 020 040 0.60 080 1.00
Fe/(Fe+tMg)

B 3 =t () s s Bk Fe/ (Fed+Mg)-Al" Ef# (b)

Fig.3

The classification diagram of biotite (a); Fe/(Fe+ Mg)-Al" diagram of biotite (b)

[ a Ji& K P Foster(1960) ;& b g Deer ez al.(1992)

W R NKBEE ()
O AWK (i)

O A BHERH (i)
A ERNKEGHE R,

10TiO:

R4 B

MR

Mg2+

FeO’ MgO

K4 Bty Fell-Fe!' -Mg?" B f# (a) #1 10TiO,-FeO " -MgO FEfi#t (b)
Fig.4 Fe*"-Fe*™-Mg*" diagram (a) and 10TiO,-FeO" -MgO diagram (b) of biotite
&l a 4 Beane(1974) ;& b 4§ Nachit ez al.(2005)

{H (Beane, 1974). 1 H % 5 B = Bk B A W & 1Y
TiO. Al K, O ALK AL O, & & (i 458, 1981;
Parsapoor et al., 2015) ,iX EoH 5 A R W 55 19 45
R TEE da b, B = BEE K A FEE 5
AR INK A IR B AR AR S B X
B B E A SN E R =8 BT I B
PR s BEER I N Tl TR BRI T AE BT 4b
BT TR R s B D BB AT R A
Ik R BT A ) 2= B T AT BB AR TR BRI A2
TR AR B T S B X P A R B A A
B TO S BRHAE L I 7R B AT AT 32 B A KR Tl
7 B R K A B T S B SR e A A DL M A B
LI E2 0 (Bora and Kumar, 2015). 3% #4054k

FE T 0 PR 25 B A T A Tl AR B S R X, AR T R
Sl TR R B R R B Fe KA IE
F 1t AR ALY e B R AT M B AR A, 1l A P
WL, N S B H Mg/Fe Tt & (Einali et al.,
2010 MAh, BT b —m BAE R A T B B
B3 R 7R R SR (BT 5) 53X 5 [A] — Y
BB A R B B AR — B,
42 EARBERMBEREX

R I 5E 3 B = B R A 27 o X T AR 1 B
A P8 5 DR RIS 3 S B AR B 4 s i L Bk
1988; Abdel-Rahman, 1994; Shabani et al.,
2003) fEZ AR 4 8 2 £F 59 120 I AN BEA RO X 7>
A Y W F 3 P5 5% (Shabani ez al., 2003),
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O ElAaztk
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Fig.5 The genetic discrimination diagram of muscovite
[ Hp B 4 5 R 35 F Old Woman-Piute Range 5045 . 95 Miller ez al.
(1981)

WM 2 e BT AN [D 68 s PR i) P e A A B e A
BRAL AT AT L R iR

HIABFSE R ML T B A6 B A A X 5 Mg, A B4
<A A X E Fe. S BUAE 5 20 W AH X H Al CAbdel-
Rahman, 1990 , 8" X & § & (K i (19 22 = BE ¥ o 85
TR BE (B 32) , s i T AUAE i) 5 09 FR AT T AR 4
B RE I S AR BRI BE R A R T X A SR
I PR 26 AR LA 1 Sy [ s 78 (T 38D A6 i1 25 (T 6as 1 5
B4 ,1982) , 43 VA A i B (S B FE K XA fE
S R T R R A B s AR A A A A AR AR
)Pl 2 . 2 5 3 45 (2009) 11 Bl B2 30 28 7R 35 75 6 A8 1K
N A PR R B2k iy Fe'' fl Fe® ' #E47 73 B
HiE)E . AR B Febt /(Fe*™ +Fe*t ) — Mg/

(Mg-+Fe) & fig i B 9% A T HIAE 5 2 X Ak, G st
AR b AL BOHE B B R, D A/CNK /N F 1.1,
CTSr/%Sr) HI/NT 0.708 ena (2) T - 72 B H AL H 2K
TR A T BIZE 5 7 (Wang and Zhang, 2016; Wang
et al., 2018).

HEEEWRE, B8 s R AP R o/
AR & Bk 1 B W Al A bl R AR L BE R D
AW TFA.RANA XS S BIAE RS N Y285
TERE AR LA 2 T B AR R A B9 (7 Sr/% S,
4 0.703 6~0.703 7, B A m 1Y ena () H(5.2~5.8),
exa (O N 11.03~14.85(Wang et al., 2018) ,H]
TR 2L R B ] fE g T B A6 B A H = B AE
B B2 B R A/CNK 45 50 CEIEE /R AL O,/
(CaO+ K, O+ Na, O) HAH) 2 1.46 ~1.60, W] 2 &
THEHAM A/CNK {4 (1.05~1.07; Wang et
al., 2018), B/~ B2 BT RE S T8O A T 45 1
JE R T A AR A AR D (IFE— AN R R
F kD XA EAEE P AL STECA BRX A AE TR
e m b B S ALK R E Y A R E R IR TN
A T 5, 2004) B B9 AR F A R AL O
[ A7 A A JE A HELO R ZAFsE £, AT
AR EIZ S & B — A O [ Z TH &
sE A R B R B O [ A R R
TAEERK BTk R b, [ s [ TR G i 5 BO8T 9 b
FEALAT I« DT A A5 25 2% A 43 H AT 3o U8 784 1) R AE
(Lackey et al., 2012; Wang et al., 2013).

FEE 6¢ 7 X T A A TR Y 2R = B LA R
5500 e S 1 3 L A e Y TR L R B X
SES PRI T S 0 i VR I B S DI R R s

MgO
0307 (a) [ ] LO[ (b)
(©)
0.25F 08 FEIRAE R K
— G - .
_ IR RAE 0By n a5
‘o 0201 @m o2 a 2
= WAA o 5 0.6 A
] o, 4 g 2 a‘:\ c
= e a S = 04f
2 ol10f 3 3Q FEMBIRIRAE B 5 2K
. o - 0.2 [ utEoya)
21 BURTL P
0.05 BB E A
0.00 L L L L L , 0.0 L L L P
02 03 04 05 06 07 08 0 10 15 20 25 30 FeO AL:Os

Mg/(Mg+Fe* +Fe’™)

MgO(%)

W AERNKBES (8 H) O AENKEER) O “aBHERA (RH) A TERNKEGE RS, 2009) AJBELNEESE CHELFEEESE PLERAE

K6 MEEEE Fe'' /(Fe'™ + Fe' )-Mg/(Mg+ Fe?™ + Fe' ™ ) [l i (a) . FeO ™ /(FeO " + Mg0)-MgO Kl it (b) . L K MgO-

FeO" -AL Oy Ef# (o)

Fig.6 Fe*™ /(Fe't +Fe?™ )-Mg/(Mg+ Fe*™ + Fe*™ ) diagram (a), FeO” /(FeO" + MgO)-MgO diagram (b), and MgO-

FeO" -Al, O; diagram (c¢) of biotite

& a 48 0 855 (1982) ; ¥l b 48 A 1E 4R (1988) 5 K] ¢ 41 Abdel-Rahman(1994)
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BE RS T 7 5 1) 2 8 A TR XM 5 R (] 6b) &
WG B A 1 5 SR XN i 5e SR R L R A e
Yy oTEk L X 5 TN Y A7 3R A A4 R e — B
(Wang et al., 2018); KA G INK AT =5 A {E
N (B 25 B A R IR X R e i IR A R I, X 5
AT A A B 3 26 5 PR TE 18I0 b bR e 425 A R e
2053 HH B AE FH BN R JE — B0 (Wang and Zhang,
20165 Wang et al., 2016, 2018), Je Mt T X N & 3
MR B2 B A e gl 1 T A R b SR W Y
Z 5%,
43 BERERVYLEG

PR BRI b 53 B A B S AL K BT A P
PR 25 1 GIRLBE R ) R AR B, TR o0 S = Bk
Ry P AR R s BE L Ak 2% 1 TT R S b 2R s B
KA TR B B 25— s B R ) T & & 5 T
ek R AR B A SRR R U AT DR R s B Y
Ti g fili B K B A A1 AR A BB R . Henry et al.
(2005) 38 33 % 3o 47 53 A8 o e 4 v 19 B = BEEA T A 5
JaL B TR T & R E RSB R
2L /N

TCC)={[In(TD) —a—c(X ) ]/b}>, H
a=—2.3594;b=4.648 2X 10 ";c=—1.728 3; X
A Mg/ (Mg+Fe) A2 ) B = B gh 4y T8 2 3
T 22 AR, HiE WA Xy, =0.275 ~
1.000, Ti=0.04~0.60, T =480~800 °C. H R iZ 2
KO &N H T 55 M RS i IR0 e
(Parsapoor et al., 2015) " X AR H) Xy, M1 Ti 1
T2 R 25 T R B =2 AR R N K B S
() 45 R N 529~564 °C, B 5 INK &

(a

~

03 04 05 06 07 08 09 1.0

Mg/(Mg+Fe)

() B BR 45 R E N 579~677 °C, BB A
45 R R 594~616 °C (& 7a).

Uchida et al.(2007) lF 5% & B, 2 = 1 19 4= 40
i (ALY 5 R DN B b 5 R 730 AR TN A 4 4
JE I3 1H s 8 B A6 i) 25 00 181 25 i 07 AT AR 4 1Y) 1E A4
KM IR T AR 25 A

P (kbar) =3.03 X Al" —6.53(40.33) , H:H Al"
HEBABELL 22 A AR TR IR AL BB T A
BRI R 3t A RO R Y], =8 18 X N B
B GE SRR 1 1.5~2.0 kbar, T ¥ A7 55 N K A
GE TSR 1.1~2.5 kbar, — = BE 46 54 5 09 45 5
J1°8 2.5~2.8 kbar. {2 R & F) H P=pgH HEFT
B Hh o BURKT 7 B F- % B 2 700 kg/m? , g=
10 m/s*, % H XN A R A Y F 5.5~ 7.5 km,
4.0~9.1 km 1 9.3~10.6 km.

Wones and Eugster(1965) i i SZ 36 0F 5% & #H
5w MK o AR s B Fe' (Fet M
Mg™" AT DL FH R 2 Mo o HOE iU 7 3 — POl &R
R 4030 B 2. B I R P 2 S o O 4 A Y AR I
fift O 292 N T BEA BT IRl 5 46 X 5 A G
B & K AF 25 v (Bl 7b; Parsapoor et al., 20153
Zhang et al., 2016) .8 X AR B F W5 87w, 2B
mEE KA MY A AR R Th b, R m bR
A% A Ni-NiO 1 Fe, O5-Fe, O, 2% i 28 2 ],
FHTEATTIE I v S B A A
44 BUHETREX

o BRI TR A% 1 B AR R A MG IR OB AL Cu
(-Mo- AW IR IE B 1) 8 2 &4 2 — (Sun et al.,
2015) , K Ry 75 &y %0 B 25 0 . S L SO 3l

Fe]+
W 78N KB ()
O A% (RE) (b)
O “aBHERE(ER)
A RN (ZR 08 55, 2009)

“-~—-E.ef9{erzoj
/ Ni-Nio e
[FeSiOisio=Feco M Mimal
Fe*' Mg*

7 BRHBH Ti-Mg/ (Mg+Fe) Bt (a) fll Fe* ' -Fe? " -Mg*" Ffif (b)

Fig.7

Ti-Mg/(Mg+Fe) diagram (a) and Fe®*-Fe?T-Mg®" diagram (b) of biotite

& a #f Henry er al.(2005) ;8 b 4l Wones and Eugster(1965)
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Fig.8 Fe’"/( Fe*™ +Mg?™ )-Mg/Fe diagram of biotite
B R 42 5 (1981) (Idrus et al.(2007) \Z& 58 555 (2009) , Boomeri
et al.(2010);Li et al.(2012) . Afshooni et al.(2013) ,Parsapoor et

al.(2015) \Bao et al.(2016) LA} Cao et al.(2017)

SO, WL UAFEAE T 1k BR R 06 7 b o DX b 7 75 2K i 4k
SR B K A= B AR 0 B AR RN DT . MU A Cul A
1 Mo 45 5E 070 3 3% A0 A2 I i b g 4 il L AT o
KA 1 (Sun et al., 2015). H A% 8 IA -~ K
LRI H R Cu(-Mo-Aw) i IR B W7 I 1A 12 S 1k
(), U FE 28 NNO A HM %0% JE 22 v 22 [A]
(Afshooni et al., 2013; Parsapoor et al., 2015),
M X T A5 2 1 28 2 B i KR 1) 4 B 34 7
NNO #il HM Z 8] (F 7b), B B ARk w
BT 1 RS A R A K — RO R A R T R
LEMNEE HETE s ERAH R ERET
R, J5 IR AT g O H T SR R Xk F b 5 (I
6b) i 75 X B ) J5T 14 BT IR AT R PR U 7 DR DX R
B Cu.Au Ml Mo S5 il T R Y RTHE T » o 0% B 5%
PEAT BEA S48 78 A R A R LW .

JUE NG B 2 BE AR A B 6 T AT AR B
A B AR AR R R B R S B T LA
K AC B A RV AT 1 & 0 PE A (28 50 B AE L 20095 5K
o4, 20173 8 =45 ,2017) FEBEA T v &5 0 4
R A BN FLCL & RZE S T I 51K (Kesler e
al., 1975) , 5 LAH XM R B BAG EHER% &
PGS B4 R, TiO, 8|2 KT 3%,ALO;, &
HZ/NT 15% (H4 59,1981 2 w554 ,2009) X #
IX B 7 BE B ) Ak 2 R AR R A7 X B S B, K G
O = = B A6 = Al & 0 A R b R s B
Mg/Fe Dl f Fe?" /(Fe?" + Mg ) fE A i X 31, &
AR B B Mg/Fe Z2 KT 1.1 L0 A K H) 2
=L Mg/Fe B/NF 1; 0 A KB BB Feo /

(Fe*" +Mg* ) Z/NTF 0.5, M LH kA 1k B =R
Fe’' /(Fe!" +Mg" " Y KT 0.5.0 b AR B =Y
XL RS FRAE 5 A BRI B A RV 5 A AR Y
BBy HA R G A LR (P 8) . e AN Batu
Hijiu, Sarcheshmeh, A5 fy & 1 8 2 B 2 0 0 55
(Idrus et al., 20075 Boomeri et al., 2010; Bao et
al., 2016; Cao et al., 2017) ;i BW LA K B =
BE SRR 5 [ SE R0 b A R b B 2 R 4R
U 8 4 52,1981 . KW & = BEY Mg/Fe il
Fe'" /(Fe*" +Mg"" ) I BEJ& X4 B B 7 25 1 1
AR bR 2 — AH 2 B 20 & 0 A R T R S B T
AR, AL SRR A, T BE I R X XA AR R
Y — R R B A B 4 v ) B

(1) F W A0 =25 CVH 0 DX 0 25 R rp 1 2R = B
LA E SRR R AL 349 R FT A 10 6  RE B
B S Y AT S NS ae S S R S €S8 JIUE S
TiE s hy DA 1 22 o B o

OB KA E T TR A TB T S50 b
FH DG F 1 75 565 5 WL A DG R b i 5 2R R X
ST IR AR L 1 E M 2 BEAE R A R X M 5E ok
VR, JE B3k B v oA B A e 4 4 B A

(DB BER S Al 529~677 C AR 1 [
4515 10 1.1~2.8 kbar, H. ¥ il T i 480 1 414

(4) BB Mg/Fe Ml Fe*t /(Fe*™ +Mg*)
A RESE X 0 B A B 4 5 0 1 ) M AL R s 2 —.

it THRAHFHTPEHFR N
HACF B PTAR KO 0T 69 H B, £ BN A AT AR
TRBTHRBAERRME R 104 N H 8, B4
FRERZRBETHSIAZEL, E—FF AT
Fou B

References

Abdel-Rahman, A.F.M.,1994.Nature of Biotites from Alka-
line, Calc-Alkaline, and Peraluminous Magmas. Journal
of Petrology, 35(2):525 — 541. https:// doi. org/10.
1093/ petrology/35.2.525

Afshooni,S.Z., Mirnejad, H. . Esmaeily. D., et al.,2013. Min-
eral Chemistry of Hydrothermal Biotite from the Kah-
ang Porphyry Copper Deposit (NE Isfahan), Central
Province of Iran.Ore Geology Reviews,54:214 — 232.
https://doi.org/10.1016/j.oregeorev.2013.04.004



2940 HERBLY:  http://www.earth-science.net 43 4

Bao.B., Webster, J. D., Zhang. D. H., et al., 2016. Composi-
tions of Biotite, Amphibole, Apatite and Silicate Melt
Inclusions from the Tongchang Mine, Dexing Porphyry
Deposit,SE China: Implications for the Behavior of Hal-
ogens in Mineralized Porphyry Systems. Ore Geology
Reviews ,79:443 — 462, https://doi.org/10.1016/j. ore-
georev.2016.05.024

Beane,R. E.. 1974. Biotite Stability in the Porphyry Copper
Environment. Economic Geology, 69 (2): 241 — 256.
https://doi.org/10.2113/gsecongeo.69.2.241

Boomeris M., Nakashima, K., Lentz, D. R., 2010. The Sar-
cheshmeh Porphyry Copper Deposit, Kerman, Iran: A
Mineralogical Analysis of the Igneous Rocks and Alter-
ation Zones Including Halogen Element Systematics
Related to Cu Mineralization Processes. Ore Geology
Reviews ,38(4):367— 381.https://doi.org/10.1016/j.
oregeorev.2010.09.001

Bora,S..Kumar,S.,2015.Geochemistry of Biotites and Host
Granitoid Plutons from the Proterozoic Mahakoshal
Belt, Central India Tectonic Zone: Implication for Na-
ture and Tectonic Setting of Magmatism. [nternational
Geology Review ,57(11—12):1686 —1706.https://doi.
org/10.1080/00206814.2015.1032372

Cao,M.].,Qin,K.Z.,Li,G.M. et al.,2017.Mineralogical Evi-
dence for Crystallization Conditions and Petrogenesis of
Ilmenite-Series I-Type Granitoids at the Baogutu Re-
duced Porphyry Cu Deposit ( Western Junggar, NW
China) : Moéssbauer Spectroscopy, EPM and LA-(MC)-
ICPMS Analyses.Ore Geology Reviews,86:382—403.
https://doi.org/10.1016/j.0oregeorev.2017.02.033

Deer, W.A.,Howie,R.A.,Zussman,].,1992. An Introduction
to the Rock-Forming Minerals (Second Edition).LLong-
man Scientific and Technical, London.

Einali, M., Alirezaei, S., Zaccarini, F., 2014, Chemistry of
Magmatic and Alteration Minerals in the Chahfiruzeh
Porphyry Copper Deposit, South Iran: Implications for
the Evolution of the Magmas and Physicochemical Con-
ditions of the Ore Fluids. Turkish Jowrnal of Earth
Sciences 23 (2); 147 — 165. https:// doi. org/10. 3906/
yer-1301-1

Foster, M.D.,1960.Interpretation of the Composition of Tri-
octahedral Micas.United States Geological Survey, Pro-
fessional Paper, Washington D.C..

Fu.J.B..1981.Chemical Composition of Biotite in Porphyry
Copper Deposits.Geology and Exploration,9(1):16 —
19 (in Chinese with English abstract).

Henry, D. J., Guidotti, C. V., Thomson, J. A., 2005. The Ti-

Low-to-Medium Pressure

Saturation Surface for

Metapelitic Biotites: Implications for Geothermometry
and Ti-Substitution Mechanisms. American Mineralo-
gist,90(2—3):316—328.https://doi.org/10.2138/am.
2005.1498

Idrus,A.,Kolb,J., Meyer, F.M., 2007.Chemical Composition
of Rock-Forming Minerals in Copper-Gold-Bearing To-
nalite Porphyries at the Batu Hijau Deposit, Sumbawa
Island , Indonesia: Implications for Crystallization Condi-
tions and Fluorine-Chlorine Fugacity. Resource Geolo-
gy+57(2):102 —113.https://doi.org/10.1111/j.1751-
3928.2007.00010.x

Kesler,S. E., Issigonis, M. J., Brownlow, A. H., et al., 1975.
Geochemistry of Biotites from Mineralized and Barren
Intrusive Systems.Economic Geology s70(3) :559—567.
https://doi.org/10.2113/gsecongeo.70.3.559

Lackey.J.S., Romero, G. A., Bouvier, A.S., et al., 2012. Dy-
namic Growth of Garnet in Granitic Magmas.Geology »
40(2):171—174.https://doi.org/10.1130/g32349.1

Lang,Z.J.,Shi,B.,Li, T.D.,1992.Genesis of Copper Deposit
in Sanchakou, Hami, Xinjiang. Xinjiang Geology. 10
(3):244—252 (in Chinese with English abstract).

Li,J. X., Li, G. M., Qin, K. Z., et al., 2012. Mineralogy and
Mineral Chemistry of the Cretaceous Duolong Gold-
Rich Porphyry Copper Deposit in the Bangongco Arc,
Northern Tibet. Resource Geology, 62 (1): 19 — 41.
https://doi.org/10.1111/;.1751-3928.2011.00178.x

Li,X.W., Mo, X.X., Scheltens, M., et al.,2016.Mineral Chemis-
try and Crystallization Conditions of the Late Cretaceous
Mamba Pluton from the Eastern Gangdese, Southern Ti-
betan Plateau.Journal of Earth Science ,27(4) :545—570.
https://doi.org/10.1007/s12583-016-0713-5

Lin,W.W., Peng, L..].,1994. The Estimation of Fe’" and Fe*"
Contents in Amphibole and Biotite from EPMA Data. J our-
nal of Changchun University of Earth Sciences,24(2):
155—162 (in Chinese with English abstract).

Mao,].W.,Goldfarb,R.]J., Wang, Y.T., et al.,2005.Late Pa-
leozoic Base and Precious Metal Deposits, East Tians-
han, Xinjiang, China: Characteristics and Geodynamic
Setting. E pisodes ,28(1) : 23— 30.

Miller,C.F.,Stoddard. E.F., Bradfish,L.]J..et al.,1981.Com-
position of Plutonic Muscovite: Genetic Implications.
Canadian Mineralogist ,19(1) :25— 34,

Nachit, H., Ibhi, A., Abia, E. H., et al., 2005. Discrimination
between Primary Magmatic Biotites, Reequilibrated Bio-
tites and Neoformed Biotites. Comptes Rendus Geosci-
ence»337(16) :1415—1420. https://doi.org/10.1016/j.
crte.2005.09.002

Parsapoor, A., Khalili, M.. Tepley, F., et al.. 2015. Mineral



559 4 28 MRAE BRI — =8 DR s B WA 2 R AR BORCE IR 3 X 2941

Chemistry and Isotopic Composition of Magmatic, Re-
Equilibrated and Hydrothermal Biotites from Darreh-
Zar Porphyry Copper Deposit, Kerman (Southeast of
Iran).Ore Geology Reviews,66:200— 218.https://doi.
org/10.1016/j.oregeorev.2014.10.015

Qin.K.Z..Zhang.L.C..Ding.K.S.,et al.,2009. Mineralization
Type,Petrogenesis of Ore-Bearing Intrusions and Min-
eralogical Characteristics of Sanchakou Copper Deposits
in Eastern Tianshan. Acta Petrologica Sinica,25(4):
845—861 (in Chinese with English abstract).

Selby, D., Nesbitt, B. E., 2000. Chemical Composition of Biotite
from the Casino Porphyry Cu-Au-Mo Mineralization, Yu-
kon, Canada: Evaluation of Magmatic and Hydrothermal
Fluid Chemistry. Chemical Geology,171(1—2) .77 — 93.
https://doi.org/10.1016/50009-2541(00)00248-5

Shabani, A.A.T., Lalonde, A.E., Whalen, J.B., 2003. Compo-
sition of Biotite from Granitic Rocks of the Canadian
Appalachian Orogen: A Potential Tectonomagmatic In-
dicator? The Canadian Mineralogist, 41 (6): 1381 —
1396.https://doi.org/10.2113/gscanmin.41.6.1381

Sun, W.D., Huang., R.F., Li, H., et al., 2015. Porphyry Deposits
and Oxidized Magmas.Ore Geology Reviews ,65:97 —131.
https://doi.org/10.1016/j.oregeorev.2014.09.004

Tang,P.. Tang, J. X., Zheng. W.B., et al.. 2017. Progress in
Study of Mineral Chemistry of Magmatic and Hydro-
thermal Biotites.Mineral Deposits ,36(4):935—950 (in
Chinese with English abstract).

Uchida, E. , Endo, S. . Makino, M. , 2007.Relationship between So-
lidification Depth of Granitic Rocks and Formation of Hy-
drothermal Ore Deposits.Resource Geology s57(1) :47—56.
https://doi.org/10.1111/5.1751-3928.2006.00004.x

Wang,C.,Chen,B.,Ma, X.H., et al.,2015.Petrogenesis of Early
and Late Paleozoic Plutons in Sanchakou Area of East
Tianshan and Their Implications for Evolution of Kangur
Suture Zone. Journal of Earth Sciences and Environment ,
37(5):52—70 (in Chinese with English abstract).

Wang,J.B., Wang, Y. W., He, Z.]., 2006. Ore Deposits as a
Guide to the Tectonic Evolution in the East Tianshan
Mountains s NW China.Geology in China »33(3):461—
469 (in Chinese with English abstract).

Wang.X. L., Zhou, J.C., Wan, Y. S.. et al., 2013. Magmatic
Evolution and Crustal Recycling for Neoproterozoic
Strongly Peraluminous Granitoids from Southern Chi-
na: Hf and O Isotopes in Zircon. Earth and Planetary
Science Letters, 366 (2):71 — 82. https:// doi. org/10.
1016/j.eps1.2013.02.011

Wang,Y.H.,Zhang,F.F.,2016.Petrogenesis of Early Silurian

Intrusions in the Sanchakou Area of Eastern Tianshan,

Northwest China,and Tectonic Implications: Geochron-
ological, Geochemical, and Hf Isotopic Evidence. Inter-
national Geology Review »58(10) :1294—1310.https://
doi.org/10.1080/00206814.2016.1152516

Wang,Y.H.,Zhang,F.F., Liu,J.J.,2016.The Genesis of the
Ores and Intrusions at the Yuhai Cu-Mo Deposit in
Eastern Tianshan, NW China: Constraints from Geolo-
gy, Geochronology, Geochemistry, and Hf Isotope Sys-
tematics.Ore Geology Reviews,77:312— 331.https://
doi.org/10.1016/j.0oregeorev.2016.03.003

Wang, Y.F.,Chen,H.Y.,Han,].S. et al.,2018.Paleozoic Tecton-
ic Evolution of the Dananhu-Tousuquan Island Arc Belt,
Eastern Tianshan:Constraints from the Magmatism of the
Yuhai Porphyry Cu Deposit, Xinjiang, NW China. Journal
of Asian Earth Sciences,153:282—306.https://doi.org/
10.1016/j.jseaes.2017.05.022

Wones, D.,Eugster, H.,1965. Stability of Biotite-Experiment
Theory and Application. American Mineralogist, 50
(9):1228—1272.

Xiao, W.]., Windley, B.F., Allen, M.B., et al., 2013.Paleozoic
Multiple Accretionary and Collisional Tectonics of the
Chinese Tianshan Orogenic Collage. Gondwana Re-
search ,23(4):1316 — 1341, https:// doi.org/10.1016/].
gr.2012.01.012

Xu,K.Q.,Sun,N.,Wang,D.Z.,et al.,1982.Genetic Series of
Granitic Rocks in Southeastern China.Acta Petrologica
Mineralogica et Analytica,1(2):1— 12 (in Chinese
with English abstract).

Yu,J.H.,Zhao,L.,Zhou, X.,2004. Mineralogical Characteris-
tics and Origin of Garnet-Bearing | -Type Granitoids in
Southeastern Fujian Province. Geological Journal of
China Universities ,10(3) : 364 — 377 (in Chinese with
English abstract).

Zhang,1..,Chen,Z.Y., Tian,Z.]..et al.,2017.Chemical Composition
of Biotite and Chlorite in the Uranium-Bearing and Barren
Granites, Northern Guangdong Province, South China: Impli-
cations for Uranium Mineralization.Earth Science Frontiers
24(5) :62—75 (in Chinese with English abstract).

Zhang.,W.,Lentz,D.R..Thorne,K.G..et al.,2016.Geochemi-
cal Characteristics of Biotite from Felsic Intrusive
Rocks around the Sisson Brook W-Mo-Cu Deposit,
West-Central New Brunswick: An Indicator of Halogen
and Oxygen Fugacity of Magmatic Systems.Ore Geolo-
gy Reviews,77:82—96.https://doi.org/10.1016/j.ore-
georev.2016.02.004

Zhang,Z.W., Zang, Y. S., Wang, Y. L., et al., 2016. Zircon
SHRIMP U-Pb Age of the Yuhai Porphyry Copper De-

posit in Eastern Tianshan Mountains of Xinjiang and Its



2942 HERBLY:  http://www.earth-science.net 43 4

Tectonic Implications.Acta Geoscientica Sinica »37(1):
59—68 (in Chinese with English abstract).

Zhou, Y., Liang, X. Q., Cai. Y. F., et al., 2017. Petrogenesis and
Mineralization of Xintian-Tungsten Polymetallic Deposit:
Constraints from Mineral Chemistry of Biotite from Xitian
A-Type Granite, Eastern Hunan Province. Earth Science ,
42(10):1647 — 1657 (in Chinese with English abstract).
https://doi.org/10.3799/dqkx.2017.557

Zhou,7.X.,1988.Chemical Characteristics of Mafic Mica in Intru-
sive Rocks and Its Geological Meaning. Acta Petrologica
Sinica ,4(3) :63—73 (in Chinese with English abstract).

Zhu, C., Sverjensky, D. A., 1992. F-CI-OH Partitioning be-
tween Biotite and Apatite.Geochimica et Cosmochimica
Acta , 56 (9): 3435 — 3467, https:// doi. org/10. 1016/
0016-7037(92)90390-5

Zhu,Y.F.,An,F.,Feng,W.Y.,et al.,2016.Geological Evolu-
tion and Huge Ore-Forming Belts in the Core Part of
the Central Asian Metallogenic Region. Journal of
Earth Science . 27 (3): 491 — 506. https:// doi. org/10.
1007/512583-016-0673-7

Bt o 325 % STk

R4 5, 1981 B 2 4 0 v 28 25 BF 19 b 2 4 SRR AE . b BT 5 )
.91 : 16—109.

BRI, D 3B o 2% R AM, 1992, 587 B8 1Ay %8
HrIEM R ,10(3): 244 —252.

MRSCHF . B2, 1994, B HL T R &1 43 B £ 8 4 5/ N AL R

=& AW R

=R d g Febt L Fe' L K/ #h JFi %%
155—162.

FIE.KER.TEE. 5,200 KKIN=& M1 Kk
B RA A AR 50T R R AR A A L 25(4)
845—861.

FEEE EA L CFE L2017, 5 I B S B R R S B
Yk 250 5% B R A R ML L 36 (4) ¢ 935—950.

Tl Rk, B R4, 5, 2015, ?%mzﬁmimaﬁ W ity A
ARE A R TR B G ) B iy R B A i U A 19 T L H R RE
2GR, 37(5) : 52— 70,

FELRMW, EEE AT E L, 2006, 48 K 11K H# 3 38 1k /9 5
7 B R FE Ml R, 33(3) : 461 —469.

VL E, INE L BN, 2, 19828 B P 25 [ A D AE B A A
A 2ERRE A I 1(2) : 1—12.

T B B 2004 I K A AR A 1 BB R A 1Y
W) 25 A B PR e A Ml BT 25 42 . 10(3) : 364 —377.

KA BRIR T, PR, 45,2017 AL P ol 5 R PR gl Ak i A D
BT BRI A YAk 2 R R B S AR YOG R

HI2E AT %%, 24(5) : 62—75.

Sk MR AE B I, AL 2, 2016. 3 8RR KL i B A AT
Hi41 SHRIMP U-Pb 4% % M 1) 1 22 . b Bk 2 4, 37
(1): 59—68.

JAZ B K 5 2017 M AR B LD A BUAE R A
BB B WAk AR AT B H A B B S R B A, 42
(10): 1647—1657.

JEAERR 198847 A5 1 88 4 = B 1k 2 i 43 4
N A 4(3): 63—73.

e 2% . 24 (2) .

R I e HC M B R



