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Mineral chemistry of biotite and hornblende of ore-bearing porphyry from the
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Abstract: The Jiama superlarge copper-polymetallic deposit is located in the eastern part of the Gangdise metallo-
genic belt, and mainly includes four types of orebodies: skarn orebody, porphyry orebody, hornfels orebody and in-

dependent gold orebody. There are extensive magmatic biotites in the intermediate acid intrusions of the deposit,
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and hornblende is more common in some intrusions. On the basis of comprehensive geological survey in the mining
area and detailed drilling core cataloging, the authors studied mineralogy and mineral chemistry of magmatic biotite
in ore-bearing monzogranite porphyry and ore-bearing granodiorite porphyry as well as hornblende in ore-bearing
granodiorite porphyry so as to reveal its petrogenic and metallogenic significance. The results show that the magmat-
ic biotite in monzogranite porphyry and granodiorite porphyry is Mg-biotite, which is characterized by higher MgO,
TiO,, Al,O,, K,O contents, and lower SiO,, Na,O content. Compared with granodiorite porphyry, magmatic bio-
tite in monzonitic granite porphyry has lower content of TiO,, FeO', MgO, MnO, Na,O, BaO, and higher content
of Al,O,, SiO,. Hornblende in granodiorite porphyry belongs to actinolite, which is characterized by higher SiO,,
MgO and CaO content, and lower Al,0;, TiO,, Na,O and K,O content. Biotite and hornblende thermometers show
that the crystallization temperature of biotite in ore-bearing monzogranite porphyry is 740. 1 ~783. 8°C, with an
average of 762.4°C, that of biotite in ore-bearing granodiorite porphyry is 750.3 ~766.99C, with an average of
757.2°C, and that of hornblende in ore-bearing granodiorite porphyry is 654. 1 ~ 698. 9°C, with an average of
680.3°C. The mineral chemical characteristics of biotite and hornblende indicate that monzogranite porphyry and
granodiorite porphyry are calc-alkaline series and I-type granite in the orogenic belt, which has the characteristics of
crust-mantle mixed source. Monzogranite porphyry and granodiorite porphyry had higher oxygen fugacity ( above
NNO) and formed water-rich magmas, which was beneficial for the entry of copper, molybdenum and other ore-
forming materials into ore-forming fluid.
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Fig. 1  Geological map of Jiama deposit ( modified after Lin Bin et al. , 2019)
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1—Quaternary sedimentary rocks; 2—sandstone, slate and hornfels of Linbuzong Formation in lower Cretaceous; 3—limestone and marble of Duodigou
Formation in Upper Jurassic; 4—granodiorite porphyry veins; 5—granite porphyry veins; 6—aplite veins; 7—skamn marble; 8—skarn orebody;

9—duill hole; 10—Tongshan slip fault; 11—Jiama-Kajunguo thrust-gliding nappe tectonic; 12—segment of mining; 13—sampling location
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Fig. 2 Profile of orebodies in the Jiama deposit ( modified after Zou Bing et al. , 2019)
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1—sandstone, slate and homfels of Linbuzong Formation; 2—limestone and marble of Duodigou Formation; 3—granodiorite porphyry; 4—monzogran-

ite porphyry; 5—quartz diorite porphyrite; 6—diorite porphyrite ; 7—hornfels orebody; 8—skarn orebody; 9—skarn marble; 10—Au orebody;
11—duill hole; 12—Tongshan slip fault
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Fig. 3  Photomicrographs of magmatic biotite in monzogranite porphyry and granodiorite porphyry from the Jiama deposit
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a—magmatic biotite in monzogranite porphyry replaced by chlorite; b—magmatic biotite in monzogranite porphyry; c—magmatic biotite in granodiorite

porphyry replaced by chlorite and wrapping early apatite and magnetite; d—magmatic biotite in granodiorite porphyry; Bt—biotite; Chl—chlorite;

Ap—apatite; Mt—magnetite
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Fig. 4 Photomicrographs of hornblende in granodiorite porphyry from the Jiama deposit
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Table 1 Representative electron microprobe analyses of magmatic biotite at the Jiama deposit
FoRica CRAEKBES A6 KB

BE4 2414- 2414- 2414- 2414- 2414- 2414- 2412- 2412- 2412- 2417- 2417- 2417-
138-2 145-1 147-1 147-11 157-1 1522 145-1 1452 145-3 511-1 5112 5113
Si0, 38.73 38.52 38.42 38.27 37.84 38.05 38.07 38.62 37.96 36.37 37.44 36.75
Al, 04 15.15 14.67 14.82 14.29 14.13 14.51 12.47 12.71 12.77 12.12 12.96 12.41
TiO, 3.26 3.49 3.82 3.36 3.80 3.94 3.97 3.82 3.90 4.04 3.92 4.04
FeO" 9.18 13.00 8.92 10.72 11.08 11.53 13.28 14.42 14.10 16.19 14.76 14.86
MnO 0.07 0.09 0.06 0.06 0.25 0.06 0.20 0.13 0.11 0.22 0.17 0.21
MgO 15.64 13.92 15.51 14.78 15.13 14.26 16.90 16.88 16.50 14.07 15.66 15.27
BaO 0.14 0.36 0.25 0.13 0.33 1.71 0.48 0. 60 0.16 0.91 0.76 0.76
Ca0O 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Na, O 0.13 0.13 0.14 0.16 0.10 0.12 0.41 0.51 0.38 0.30 0.39 0.27
K,0 8.88 8.73 8.74 8.75 8.71 8.69 8.24 8.29 8.66 8.62 8.60 8.83
F 1.46 0.68 1.38 1.00 0.72 0.58 0.80 0.63 0.52 0. 81 0.66 0.82
Cl 0.09 0.13 0.08 0.08 0.08 0.09 0.06 0.09 0.09 0.02 0.03 0.04
CuO 0.00 0.00 0.00 0.00 0.06 0.04 0.02 0.04 0.00 0.00 0.03 0.02
0=F,Cl 0.63 0.32 0.60 0.44 0.32 0.26 0.35 0.28 0.24 0.34 0.28 0.35
H,0 .. 3.22 3.61 3.24 3.40 3.56 3.65 3.59 3.73 3.73 3.45 3.65 3.49
Total 96.58 97.64 95.96 95.43 96. 10 97.48 98.85 100. 75 99.12 97.45 99.29 98.10
Si 5.90 5.82 5.88 5.89 5.79 5.78 5.73 5.71 5.69 5.68 5.66 5.67
A1V 2.10 2.18 2.12 2.11 2.21 2.22 2.21 2.22 2.25 2.23 2.31 2.26
T Site 8.00 8.00 8.00 8.00 8.00 8.00 7.95 7.93 7.94 7.92 7.97 7.92
AIM 0.62 0.43 0.55 0.48 0.33 0.37 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.37 0.40 0.44 0.39 0.44 0.45 0.45 0.43 0.44 0.48 0.45 0.47
Fe* 0.24 0:32 0.24 0.28 0.28 0.29 0.28 0.29 0.28 0.30 0.29 0.28
Mn 0.01 0.01 0.01 0.01 0.03 0.01 0.03 0.02 0.01 0.03 0.02 0.03
Mg 3.55 3.14 3.54 3.39 3.45 3.23 3.79 3.72 3.68 3.28 3.53 3.51
Fe* 0.92 1.33 0.90 1.10 1.14 1.17 1.39 1.50 1.49 1.81 1.58 1.64
O Site 5.72 5.62 5.68 5.65 5.66 5.52 5.94 5.95 5.91 5.90 5.86 5.92
Na 0.04 0.04 0.04 0.05 0.03 0.04 0.12 0.15 0.11 0.09 0.11 0.08
K 1.73 1.68 1.71 1.72 1.70 1.68 1.58 1.56 1.66 1.72 1.66 1.74
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ba 0.01 0.02 0.01 0.01 0.02 0.10 0.03 0.03 0.01 0.06 0.05 0.05
A Site 1.76 1.72 1.75 1.77 1.73 1.72 1.70 1.71 1.77 1.81 1.77 1.82
F 0.70 0.33 0.67 0.48 0.35 0.28 0.38 0.29 0.25 0.40 0.31 0.40
Cl 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01
OH 3.28 3.64 3.31 3.49 3.63 3.70 3.61 3.69 3.73 3.60 3.68 3.59
Xy 0.62 0.56 0.62 0.60 0.61 0.58 0.64 0.63 0.62 0.56 0.60 0.59
Xge 0.33 0.40 0.32 0.35 0.34 0.36 0.31 0.32 0.32 0.39 0.35 0.35
t/C 763.6 740. 1 783.8 754.3 767.7 764.9 766.9 754.7 758.7 750.3 754.2 758.6

logf,, -15.15 -15.75 -14.65 -15.38 -15.04 -15.11 -15.06 -15.37 -15.27 -15.48 -15.38 -15.27
(F;Ejz;jv[g) 0.21 0.30 0.20 0.24 0.25 0.27 0.27 0.29 0.29 0.36 0.31 0.32

_EIL:[‘

INT 3% o AHFFUH R 2 BEFE B AR = 1 BaO A
TiO, &, Ti 2 788 0.37 ~0.48, TiO, &N
3.26% ~4.04% ,Ba0 A 0.14% ~1.71% .
YN er & SN LT L SR T R S R T R N

A9 TK
TR BB AR B BHEE ) B B, ki

IR C— R T 0.2 mm), A 52 53] 45 5 10 # K
AT, BA B BaO F TiO, &4 L
I CaO 5 LA KA — 11 Fe®* /(Fe** + Mg)fH
PR [ B 1 2 B 25 CIMAD X 22 25 BEF 40 2K,
FUER PR A A AR B B2 FIAE B I B A 9
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Table 2 Representative electron microprobe analyses of
hornblende at the Jiama deposit
2010- 2010- 2409- 2409- A parEr
FE E I A B
564-3 5644 383-1 402-1
Si0, 54.01 54.88 53.35 54.29
Ti0, 0.22 0.23 0.21 0.12
A1, 0, 2.33 2.03 1.54 1.29
FeO" 10.49 9.69 9.16 10. 00 SRR R
MnO 0.36 0.36 0.11 015 /N
MgO 18.13 18.57 18.02 17.17
Ca0 11.90 12.20 11.38 12.22
Na, O 0.77 0.61 0.61 0.63
K,0 0.26 0.24 0.20 0.20 20
Ba0 0.00 0.00 0.00 0.00 F E D
F 0.35 0.4 0.23 0.08 8. L47
cl 0.03 0.05 0.03 0.03 AMFT T Fe +Mn
Cu0 0 0 0 0.05
Total 98.85 99.29 94.83 96.23 B 5 FELE K AR B b R 2K R
Si 7.60 7.66 7.72 7.84 (R Foster, 1960)
Al 0.39 0.33 0.26 0.16 Fig. 5 Mg ~( AV 4 Fe* +Ti)—(Fe’* + Mn) ternary
Ti 0.02 0.01 0.02 R.-00 classification of biotites Cafter Foster, 1960 )
sum T 8.00 8.00 8.00 100 A—& 70 BBRB S C—HRBZEE: Dk %
Al 0.00 0.00 0.00 0.06 F bk (2 B P2 1
Ti 0.01 0.02 0.00 0.01 /A—phlogopite; B—magnesian biotite; C—ferrobiotite; D—siderophyllite;
Fe’* 0.37 0.35 0.52 0.07 E—ferro-muscovite; F—muscovite
Mg 3.80 3.86 3.88 3.70
Fet 0.87 &N 0.59 114 MnO 1 Na, O & & HIDOHER, 10 ALO, il Si0, 7 &t
Mn 0.04 0.04 0.01 0.02
sum C 5.08 5.05 5.01 5.00 B R b, PIRRE AT BEE h R S BER AT
Ca 1.79 1.82 1.76 1.89 VR R R L BTN IR A
Na 0.13 0.13 0.17 0.11 3.2.2 NG
sum B 1.92 1.95 1.93 2.00 P ‘ R,
Ca 0.00 0.00 0.00 0.00 EﬁﬁrTIXJW‘kf/_\'f EF‘%I}QEI}"CEEI}‘MH_\‘[’/L‘F
Na 0.09 0.04 0.00 0.07 FEARHFAE: Si0, & B & (53.35% ~ 54. 88% ),
KA 0.05 004 °~°i 0.0% ALO,\TiO, & A (1.29% ~2.33%.0. 12% ~
e s o o e 0.22% ), MgO & i (17. 17% ~18. 57% ), 4> bk
/°C 698.92 687.06 681.06 654.12 (FeO") 1% (9. 16% ~ 10. 49% ), MnO 7 & 4
log,  -13.50 -13.74  -13.78  -14.95 0.11% ~0.36% ,Ca0 T (11.38% ~12.22% ),

BRIV TR R S RSN (B 5). 5
Kahang. Sarcheshmeh Dalli. Darreh-Zar. Miduk . $1 P
AR B A A5 B 2 S BT R FE CAyati e
al., 2008; Boomeri et al. , 2009, 2010; Afshooni et
al. , 2013; Parsapoor et al. , 2015; JFHZE5E, 2017b;
Tang et al. , 2019b; M ¥ R5E, 20200, FHA" K5
B o B B A R B AL .

MaBh I X, R R LK 6. — K4k
B IR )RR AR o AR AR T A B A G
PR Th HG AR 23 B 59 46 B NS B 0 2R s BEAH
b, KA 5 BE A 1K = REFTIO,  FeO' MO

Na,0.K,0 & &1 (0. 61% ~ 0. 77% 0. 20% ~
0.26% ), BaO & &AL T4 th B, FCL 75 & 43 il A
0.08% ~0.44% .0.03% ~0.05% (% 2), WM& LA
I TEAICER AR L & R T A I AR AL

FINA(Ca+Nady fH 4 1.92 ~2.00, H Na, 4
0.11 ~0.17, Cay H 1.76 ~1.89, £ & Leake %5
(1997 )4 1K A IR A A 27 23 S Tt WU o 485 J5 4 DA A 4
K[ (Ca+Na),=1, H Na, <0.50, —f Ca, >1.50],
J& TG S5 TN A, 3k — 2D ARG FE(Na + KD, fH
0.04 ~0. 13Ci 2 <0.5 MR, 5 Ja 4 Mg/ (Mg
+Fe’" )~ Si EMECE 7)), FIW & Ak i N KB
() A1 A 350 Je T B e A
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Wones fil Eugster ( 1965 ) fiff 53 & W], & = BEHY
Fe’ " —Fe® " — Mg — ff1 Bl i ] ) 07 45 5 PR 55 1) A ) 4
TRRE . AT PR A AR B B2 RAE I DA K B2 v i)
MR A RIS T HM(Fe,0, — Fe,0,) 5 NNOCNi —
NiO) 480 JiE 2% 3 751 22 18], i NNO 2% i & — il C
9a), i W] T H 4 S5 B AT B K 2208 1, H log f,

>NNO +1. FIH 2K log f,, =10.9 —2 700/ TCK) fli
MBS AR E (David and Hans, 1965), 45
TRAE K BES log f,, = —15.75 ~ —14.65, TN
- 1518 fL R INKBES log f,, = —15.48 ~ —15.06,
PEME N - 15031, ZFH A IRE Rl KR A%
(2018 WIF 5T 3 B, 4030 FE et R i v R 1k 2K o v 2R
ZEEH) Fe/(Fe + MO fHI EE N %, 52 AN
Fe/MgfH LK. KAk B BE A AL K N A BE 75 1 (1)
AT (Fe/Fe + Mg)— Al B CE 9b) |, 4878
FAAR S FMQ +2.4 <log f,, <FMQ +3.45.
A Ridolfi 55 (2008 ) 1) 77 24l S A < N K B 75
FINAEIRE ANNO Y 7E +2.88 ~ +3.08 2
[F), X W & %o 4 3% B {E - 13. 78 ~ = 13. 50 ( Wones
and Eugster, 1965), Jf H# T ke’ /( ke’ + Mg) -
ALY P i 1 e SR P IR C P 10) o SRR N A
SUIR BT IA 4R 7R AR B B RTAE I DA K B2 TR %
TR e ) R SE A B
4.1.2 AT RN 1 T

Abdel-Rahman( 1994) #ff 50§ th, SV A A1 T B4 4E
Il 7 T R 2 B G ) EL A AR v B R R B
Froe ) 55 (1984) $5 H B 2 BE MF {H [ MF =
Mg/ ( Mg+Fe2+ +Fe’* +Mn) ] <0.38 W25 46X
FAMIER, R2Z HFEHERCT B o #)55
(19860 42 th, T ALAE i 4 (1) 28 = B Mg {58 =
(0.384 ~0.626), %A A REH = (0. 121 ~0.252).
TARAC KB R S N KBS S R S R R
TEHEEZ (MO & & 14.07% ~ 16.90% ), MF
fH40.64 ~0.75, ¥ T oiE 8, H Me” [ Mg
Mg/(Mg + Mn + Fe* ") IR R B[ Fe’ " /(Fe’ +
Fe? ) T8, 70 4 0. 64 ~0. 80 F10. 14 ~0.21,
fam ZRAC KBS AL K N K BEA A T BRI .
5K 2R B 45 (2009 W 5T 45 i, A I A AR TiCR 1 5
<0.5) . iF Mg/ (Mg + Fe) {1(0.44 ~ 0. 70) FFEFR 7R
T AN BRI S . FHA RAE 5 KBS A T
A1 Ti B FHURAK (0. 01 ~0.02), Mg/( Mg + Fe) {ii
(0.75 ~0.78) v, MM R AL K IN KBS A T
TIAY B 445 E . Whalen H1 Chappell( 1988 ) B 57 2 1]
S MUAE B 5 A BB ALY S 0. 353 ~0.561, 1
R R E 1 ALY <0. 224 48 b N K BEE 1
MR AMMEI N 0, A T M E R TR A B
WM B AIMEYE R 0.33 ~0.62, ARG T B AE
(<2 RFAE, T Be 2 Ja AR B A2 s T 8 = B
Al J51 o
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