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Abstract

The Jiama deposit, located in the eastern Gangdise metallogenic belt of Tibet, has been the important
achievement of the combination of nonprofit study with commercial prospecting. In this paper, the authors sys-
tematic studied characteristics and geological significance of biotites by using the microscopic identification and
electron microprobe analysis. The biotite can be divided into two sorts: protogenic biotite and hydrothermal
biotite. Protogenic biotite and hydrothermal biotite belong to eastonite and phlogopite, and biotite in rock mass

tends to be eastonite with rich magnesium features. Compared with protogenic biotite, the values of w (MgO)
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and w(CuO) increase, Fe’ " -Fe?* differentiation degree increases, and w (FeO') decreases in hydrothermal bi-
otite of hornfels. In rock mass, compared with protogenic biotite, hydrothermal biotite seems to have character-
istics of low titanium, high aluminum (TiO,<3%, AlLO;>15%), the values of Mg and Cu increase, and Fe
decreases. The crystallization temperature (T) of the protogenic biotites is 720 ~750°C , and oxygen fugacity
(logf(O,)) of the protogenic biotites is high ( —13.0~ —11.5, logf (O,) >Fe,03-Fe;0,) in granite por-
phyry. Granite porphyry, with the genetic characteristics of crust-mantle mixed source, belongs to orogenic
calc-alkaline rock series. In hornfels, compared with protogenic biotite, the ratio of Fe?" /(Fe?* + Mg?" ) from
hydrothermal biotite is of low homogeneous degree, and the ratio of Fe** /Fe? " increases significantly, with
some hydrothermal biotite containing no Fe* ", indicating that the magmatic hydrothermal fluid system gradually
transformed to oxidation state, which was conductive to the formation of porphyry copper deposit. Mineraliza-
tion intensity is positively related to the content of CuO in biotite.

Key words: geochemistry, biotite, porphyry metallogenic system, hornfel, Jiama copper polymetallic de-
posit, Tibet
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Fig. 1 Tectonic diagram of Tibet and Geological unit division and mineral distribution of Gangdise region

(modified after Cheng et al. ,

2010; Tang et al., 2012)

1—Middle Permian marker bed; 2—Magmatite; 3—Geological boundary; 4—Suture zone; 5—Fault; 6—Mining area; 7—Provincial capital;
8&—County
BASZ—Bangong Co-Salween River suture zone; 1YSZ—Yarlung Zangbo River suture zone; GLZCF—Gaer-Longgeer-Zharinanmucuo-Cuo
main fault zone; SLYNJOMZ—Siquanhe-Laguocuo- Yongzhu-Namucuo-Jiali opholite zone; SMLMF—Shamolei-Maila-Luobadui-Milasha fault
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Fig. 2 Sampling location and geology along No. 24 exploration line in the Jiama ore deposit

1—Linbuzong Formation; 2—Duodigou Formation; 3—Granodiorite porphyry; 4—Monzonite granite porphyry; 5—Granite porphyry;

6—Porphyry-type orebody; 7—Skarn-type orebody; 8 —Hornfels-type orebody; 9—Drill hole; 10—Sampling location
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Fig. 3 Biotite from rock mass in the Jiama deposit

a~b. ZK2419-404.3 granite porphyry: hydrothermal biotite, flaky or scaly, exhibiting pseudomorph from the replacement of hornblende;

c~d. ZK2415-678. 3 granite porphyry: hydrothermal biotite, flaky or scaly, exhibiting pseudomorph from the replacement of magmatic biotite;

e~1{. ZK2419-574.6 granite porphyry: hydrothermal newborn biotite, flaky or veinlike, dispersed in porphyry matrix; g~h. ZK2413-200.5

granite porphyry: Magma biotite, euhedral- flaky, parceling early crystallized magnetite
Bi—Biotite; Q—Quartz; Mt—Magnetite; Ap—Apatite; ( — )—Plainlight; ( + )—Crossed nicols
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Mg /(Mg+Fe+Mn)

N\ AP RA

0.2

S

UO L 3 I3 1
5.0 5.0 54 5.6 5.8 6.0

e i Bk

5 HEYIKEERRZEES MBS E Mg/(Fe+ Mg+
Mn)-Si 725 EI#2 (5 B 48 Kanisawa, 1983)
Fig. 5 Mg/ (Fe+ Mg+ Mn)-Si classification of primary and
hydrothermal biotites in the Jiama deposit (base map after
Kanisawa, 1983)

S TP A 2 B
FE P A B R
A R EA
& AP R S B

Al"+Fe"'+Ti Fe*'+Mn

6 EITREA RSB HEE S Mg (A +
Fe'™ + Ti)-(Fe* ™ + Mn)7» KEf# (JREHE Foster, 1960)
A%zl FE5REsRE, C % EESE, DY,

E—#%Azf; F—Anh
Fig. 6 Mg-(AlY + F&*™ + Ti)-(Fe?" + Mn) ternary classi-
fication of primary and hydrothermal biotites in the Jiama
deposit (base map after Foster, 1960)
A—Phlogopite; B—Magnesian biotite; C—Ferrobiotite;
D—Siderophyllite; E—Ferro-muscovite; F—Mmuscovite

MWERB = (RE)IIABEE B, w(TiO) 5

w(ALODE AP ERMHKXKR, A RE=HAESR
w(TiG) >3% - w(ALO;) < 15%, Bk K48 1 B

AT = BB R w(Ti0,) <3% -~ w(ALOs) >
15%, R 2K 48 R 1. A R P R 4 2B = BF I
w(ALO;) A 13.54% ~ 13.91% , “F¥IME 13.70%,
w(TiO) A 3.76% ~3.96% , *FII{H 3.87% ; ik
B AR w(ALO) A 13.87% ~ 22.05%, T 1 {H
17.96%, w(TiO) A 0.08% ~ 1.44%, °F ¥ {H
0.76% , w(Ti0,) 5 w(ALOs )] BEEA FAH R KR

AR S B w (TIO)-w (ALO;) PR E i (
e, NRE R ZERIRE B, w(TIO) 5
w(ALOy) HE A Bt B B AH S| 1A A
B4 R A BRI PR R =B, w(TiO) 5 w(ALO) B
7 B R A SR SR AR B S B ) B s RERE L
IR A A R T] e B A B T AN R Y ek Ak
PR
4.3 HEMAEE

Ma T IRAE R Z B wNapO) N 0.12% ~
0.30%, “FH1H 0.19% ; w(CaO) A 0~ 0.02%;
w(K0) 0 9.45% ~10.16% , “F3I1H 9.90% , X L&
fen HEA RN 3085 = B R E . P B = BRI
w(NayO) A 0% ~0.31% , “FII1E 0.16% ; w(CaO)
H0~0.06%, w(KO) N 7.91% ~12.09% , “F3IME
10.09% , B A J5 2L B = BEAA AL BRI 25 4 T JRU2E
Ba B w(NaO) N 0.16% ~ 0.27%, “F ¥ 1E
0.21% ; w(CaO) A 0~0.05%, w(K,0)H 9.32%
~9.65% ,°F¥%I11H 9.48% , R AL 2045 = #1 1)
FRAE ; PO 2 = B w (NapyO) N0 ~0.18% , “FI1E

45

ke ANF i
4 m AP 53
A CEERTIRAER R
@ HRPIIGR R B

35 F

3+

25 F

W(TiO,)/%

W(ALOS)/%

7 BRI RS S HER S BETIO-ALC,
P
Fig. 7 Ti0G,-AlLC; correlation diagram of primary
and hydrothermal biotites in the Jiama deposit
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BESE: DU T BEA IR R G 2 B E S S 5 X 859

0.09% ; w(CaO) A 0, w(K,0) 4 9.18% ~9.35%,
SPYIME 9.26% , FA R AE B = REABLIRAAE (A Lk
TR A Bl K NasCa 2 B # A A R A2 B 1 FEAIC
45 (1981) WFFTIN b, A JEUAE B2 2 BE 31 A 2 =
BE, K Na-Ca 7 Al A [\ FEFE 0 FRAR a8 it AR R
Rk K, AR R BN K & AR A, vl RS B
THBR RS HEZ N H,0 - I 2 &R0 IK
Ak BRI T IX AR A A B S BRI
AR IX—RFIE
4.4 HEESE

A R AE B S BEE 0 (CuO) 72 0~0.05% , °F
BIH 0.02% , 1M w(MoO3) £ 0 ~ 0.03%, “F ¥ 1A
0.01% ; # B = BEH w0 (CuO) 7E 0~0.13% , 1)
fH 0.04% , 1 w(MoO3)0.02% ~ 0.10% , V- 3 fH
0.05% o 7 & o I A B = B w (CuO) £ 0 ~
0.06% , V3414 0.04% , w (MoO;) 7E 0~0.08% , *F*
BIME 0.03% ; #OB 2 B w0 (CuO) £ 0.09% ~
0.25% ,*F¥IME 0.17% , T w0 (MoO; ) I T H PR

FaE T AR B S BRI R B 2 BRI w0 (CuO)
w (MoO3 ) A HS LUK, A It B 6l 1) & B i 3
(@ 8) o A M I B 2 BE <o (CuO) 1H 2 1 T 5L AR
aBE R EIL0.25%; TFEETZFEPFC%K!%H%
mzz:!:Eﬁw(MoogEAzlsM&E,@Kiz:!: o
(Kl 8).

w(FeO)s w(MgO)s w(ALO;)~ w(SiO;)~
w(K,0)% 5 Fe/(Fe+ Mg) 1742 EIfi# (] 8) k7w,
F RS AR o DR AR PR 2 BRI A 2R 2 B 1) B 8 ] R
A — 3, Ui T Feu Mg+ AWK 45 7T
B2 B 5 AR R 5% T AL 49 JRU AR R S B
FIFAI B 2~ BE G 3 LA AR A R A L. 5
R 2 B 22 oy WA B 2200, D R
Bl (FeOl ) B A #GR R = BERUI, B =
Bl (FeO ) 3 FoAth T 8 2 BEff i

5 FREBER e BT R B

5.1 REMSIRE

Henry % (2005) iff 52 % M, H 22 = & Ti-Mg/
(Mg + Fe) B it v] LUk 5 28 2 BRI i B2 < 8 A 4
B B R A R s BT PR 2 BE Ti-Mg/ (Mg + Fe)
Ifid (B 9) i, 45 R8s BE 2 i il BE AR AH AR 730 ~
750°C Z 1A,

Wones 5 (1965)~ De Albuquerque ( 1973) 1
Wones(1989)ﬁﬁ%?§5ﬂ SRR A e T

AR BB, PO FSY  Ft M M2t 1R
%ﬁ/\iﬁﬂﬁﬁztén fivs IR 1 42036 52 o ER R SCRT 4
AH R AL 4 BE 5 A 1) BE 2 BE ST A 2 B A 4%
P A DR T R S BERE L AT BT Rt -Mg B
(B 10) ' Fey,O5-FeyO, UL I 541, 45 &
Ti-Mg/ (Mg + Fe) il i i | K 16 i1 B 5 i A2 28 = B
A T R 2 BE log £(O)-r BB 11)(p =
2070 MPa & 1F F ) (Wones et al., 1965), 73t 1€ X
BEA I log f(Oy) ALY — 13.0~ — 11.5 ZIH],
XNV Fe,Os-Fes O 21X, R W% = REE AR A
TS AR R U
5.2 MEFEEIRE

MR R ICRREAE — E R L] DU s4e
B3 2 PR DR 8 TR A0 R R 45 o JE A 4 (1986) i it i
AT 15 MHU KR b R A RER PR, F 2R = 1)
S FeQ/ (X FeO + MgO)-MgO i 31 5 1e i< 6 4 ot
SRR o D AR B B2 R 2 REAH DY 1) B o0 81 1% 403
P (1) e VR Y DX (P 12) | HL e TR IR 1 1 R R R
ZEE S (2010 ) W 7015 H AL X BEA R X ok H 5 R
Fo-1E 1Ay OF R A A RIREG A A bk, Wk
NI Ry Fe V25 A AS ) 1 23 Ao (B MME &
P A GEBE 1R BT I KA I R R A B K
AR )0 BR  k 5 H) 5  OW R IRk ML RN )
ANV R (0 FE A7 DA 98 R0 B bW 1 e A7 el
WO A R AT A 5 DA AT B T S R AR
Ab, AT IR A S B T R R T IR G E A
(g, AR IAE R CroNi B4 (R R A 2
FYES S S (ZREM, 2010), 5 AR ST 45 10 2
A—F . Abdel-Rahman (1994 ) XJ 4= BRAS [] 1 XA~ [+

M 325 AN A 2 BERE i T B TR O RRIE EAT 4t

MR G B4 1 H R = B MgO-FeO'-ALO; Kl
il KA 3 PSS (A 3 Ll BRI R C s A
BPES R P IR TUA 3R ) o F DA B B I A R
REFH R (19 5o #5 Tz B (B 13) i) ¢ X, 8 T
PR ME 2 &R 2 B (2010) X 46 B BEEAE SiO,-
K, O HIAE i F1 Si0,-FeO'/ (FeO' + MgO) #4) it il
il P it ?%Hﬂ"ﬁﬁi‘%ﬁ%‘%ﬁi%ﬂwﬂzﬁ?ﬁu\}ﬁiﬁmw
RA I (FREM, 2010), A 40 AR —3.
5.3 BEHETEX

Parry % (1963 )~ Kesler % (1975)~ Hendry %
(1981) 45 (1981) A% ve 555 (2009 ) W70 K I
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Fig. 8 Chemical composition of primary and hydrothermal biotites in the Jiama deposit (base map after Li et al. ,
2007)
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the Jiama deposit (base map after Wones et al., 1965)

T AR T BB Co SR BTN A R, R R
Bl Cu BRI A R BEE AT X A 55 HOl
R BRI AR B 2 BE Cu 3 B AUIR, T2 A v HO
BabECu WSS T RA R AR TR E H T4
KAZALTE BB A T R 2 2R b Cudr BBUIC, T A

BB R B Co S RB0R ; B B AR BT
FE Cu ABTHBITE, SRR Co SR N, s
TR BB Cu & AN

vy FA) SR B2 R R A AT BB PR T i
MR AF 2 BUNAE R SR B 4 N I n &R
Z LLSO;™ M SO, B A il £ 1 1R Eh 4 R b, 5 ¢

A7 IR



862

i R 2016 4

MgO

K13 FEBT PR TR 2 BERA 3G PR 850 1) 4]

A~—Anorogenic alkaline suites; C—Calc-alkaline orogenic

(JEE# Abdel-Rahman, 1994)
A—IFiE L ﬂ’]ﬁ)ﬁ fﬂZF?\, C—iE I A I E A &
A R (B S )
Fig. 13 Discrimmanon diagram of tectonic settings for
biotite from the Jiama deposit (base map after Abdel-Rahman,

1994)

suites; P—Peraluminous suites (including S-type)

®3 BRIEFMEESEZSHR AT AHEN Cu.Mo &

HROR S PE AR AR R R T S BCE R T ER Cu 1E
HREAE DB E L TSR, e & N R Ak
LA R T Cu & 8 B0 15 I R A (RE /N AR AE
1994;Bi et al., 2009;Li et al., 2008) . Hi HI 3 7] %1
A B P AR B A8 1 (log £ (Oy) > Fe,05-FeyOy),
TG AR S B, A P IR R BB RSP/
(Fe** +Mg? ") 3 —FE AR, H F /Fet HfE
AEORE 5 5 2 T, FE R 0 PR R = BEANT F?
TR R - AR A R ) A A N, AR T
B 1R %o

GRS A T B SR Co FEIFAES A
ks, FoE R T MIRREH AR R &
REXSH b B 45 - 7E H ’“*%’Mz:tﬁ’mﬁﬂcm
JSF Cus Mo A A EE S Sl AF 58 R 2= B 5 00T
FLAEAT A1 CusMo ﬁr%*ﬁa@%%(% 3).

YT HRBE DB B P Cu RS RS
B} Fe/(Fe+ Mg) lE R IEAHIKR(r=0.55), HXENAL
‘%%WEB"J Cu & & B IEFHK (r=0.22) WX T

WRE = BEPTAE (R0 A FE i, L Ao B 5 F0
KEP Cu & IEAH G, W el B — & i 4e R

EX gt R

Table 3 Statistics of characteristics value of biotites and Cu-, Mo-content of ores and biotites at the same depth

BB w(B)/ % N BT A A/ %
IR FE i Fe/(Fe+ Mg)

CuO MoOs Cu Mo
A BHHR BB 7K2418-201.1-2 0 0.05 0.31 0.01 0.21
B2 BEAH ik 7ZK2417-532-2 0.10 0 0.18 0.04 0.40
ZK2417-135.1-1 0.10 0.05 0.56 0.05 0.26
ZK2417-208.2-1 0.05 0 0.51 0.01 0.19
ZK2417-545.2-2 0.01 0 0.20 0.08 0.34
ZK2417-760.1-1 0 0 0.14 0.03 0.13
BERMEEE. oo oo 8 o1s s e
GEAE 7K2418-543. 1 0 0 0.22 0.02 0.13
ZK2418-749. 1 0 0 0.16 0.03 0.11
7ZK2415-78.4-1 0.01 0.02 0.50 0.01 0.20
ZK2410-124.1-2 0.01 0.04 0.40 0.01 0.13
ZK2410-366.1-2 0.01 0.01 0.05 0.01 0.25
crmaman. UL E o
RS BT B 10601 0 0.08 0.10 0.01 0.24
ZK2417-266.6-1 0 0.06 0.39 0 0.09
D RMABE BB ZK2417-385.4-1 0 0 0.18 0.03 0.26
A+ KT + BBk ZK2418-388.4-1 0 0.02 0.17 0.03 0.21
ZK2418-643-1 0 0.02 0.14 0.07 0.15
FARTP PG RSB 7ZK2413-200. 5 0.25 0 0.27 0 0.34

A AR T CusMo JGE IS = 20T d1 v A ST SE I
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