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Mineral chemistry of biotites from the Tongshankou Cu-Mo deposit:
Implications for petrogenesis and mineralization

LIU Bin!, MA Chang-gian"'?, LIU Yuan-yuan' and XIONG Fu-hao!
(1. Faculty of Earth Sciences, China University of Geosciences, Wuhan 430074, China; 2. State Key Laboratory of
Geological Processes and Mineral Resources, China University of Geosciences, Wuhan 430074, China)

Abstract: Major, rare earth and trace element composition of biotites from the matrix and the intra-K-feldspar
phenocrysts of granodiorite porphyry and the alteration zone in the Tongshankou Cu-Mo deposit was measured
by the electron probe micro-analyzer (EPMA) and the laser ablation inductively coupled plasma mass spectrome-
try (LA-ICP-MS). EPMA analyses of major elements suggest that biotites of different modes of occurrence dif-
fer greatly in MgO and FeO' content; however, their ALO;, TiO,, SiO,, Na,O and K,O values do not show re-
markable differences. LA-ICP-MS analyses of trace elements demonstrate that biotite is an important carrier of
Rb, Ba, Nb, Ta, Sc, V, Co, Ni and Cr in granodioritic melts but has less capability in hosting U, Th, Pb,

Sr, Zr, Hf and Y, and thus the concentrations of these elements in biotite are much lower than those in host
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rocks. Post-magmatic hydrothermal process has insignificant effects on the high field strength elements such as
Nb and Ta. LA-ICP-MS analyses of rare earth elements (REE) suggest that the biotites display quite low REE
concentrations (2 REE=0.150%10"%~3.691 %10 %), and many of the values are even lower than the detec-
tion limits. Although there are still some differences between the three types of biotites, these differences fail to
accurately reflect the differentiation degree of REE during the post-magmatic hydrothermal process. So biotite is
not the main mineral phase affecting the REE features of the host rocks. Geochemical features of the three types
of biotites from the Tongshankou Cu-Mo deposit are similar to those of magmatic biotites: Ti=0.38~0.45 and
Mg/(Mg+ Fe) =0.53~0.72. Based on the geochemical features, it is suggested that the formation of Tong-
shankou granodiorite porphyry was related to mantle-derived magmatism and slab subduction. LA-ICP-MS ana-
lytical results of Cu in biotites from Tongshankou granodiorite porphyry are low: the highest value is only 8.442
%10~ °, and many of the Cu values are lower than 2.121 X 10 . So the Cu content of biotites from the intru-
sive rocks is not an effective indicator of mineralization. High oxygen fugacity (log fOZ > NiNiO+ 1) in the ore-
forming system seems to be favorable for mineralization of porphyry copper deposits. Based on a comparison of
MgO and FeO values of biotites from different types of mineralized porphyry, it is evident that biotites associated
with Cu mineralization are characterized by high content of MgO and low content of Fe(). On the contrary, bi-
otites associated with Sn mineralization are characterized by high content of FeO and low content of MgO.

Key words: biotite; trace elements; granodiorite porphyry; petrogenesis; mineralization
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Fig. 1 Sketch geological map of Tongshankou plutons Lietal. 2008
after Li et al. 2008
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Fig. 2 Microphotographs of biotites
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a—biotite from matrix of granodiorite porphyry with some accessory minerals in the interior e.g. apatite whose grains are small and needle-

like b—biotite from K-feldspar porphyroblast of granodiorite porphyry aggregates that show fibrous or thin stripes and assume anhedral crys-

tals  c—biotite from alteration zone in the veinlike form showing slight deformation and strong alteration at the edge with the alteration mineral
assemblage comprising chlorite pyrite etc.
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Table 1 Electron microprobe analyses of biotites of three different modes of occurrence
TBt-1  TBt-1  TBt-l TB-1  TBt-2  TBt-2  TBt-2  TBt2  TBt3  TBt3  TBt:3  TBt-3
1 2 3 4 1 2 3 4 1 2 3 4
SiO, 37.37  38.88  37.36  37.24  38.40  38.20  39.28  37.94  37.55  38.38  38.15  38.47
TiO, 3.79 3.86 3.57 3.79 3.67 3.48 3.53 3.69 3.60 3.42 3.55 4.08
ALO; 14.33  14.26  13.93  11.53  14.43  14.73  14.68 13.82  14.10  14.21  14.36  14.02
FeO" 18.88  20.05 19.93 18.60 12.07 11.83 12.00 18.49 15.27 14.62 14.37 14.17
FeO 16.22  17.03  17.28  16.03  10.01 9.84 9.80 15.82  13.03  12.30  12.11 11.76
Fe,05 2.96 3.36 2.94 2.85 2.29 2.22 2.44 2.97 2.48 2.58 2.51 2.67
MnO 0.34 0.33 0.33 0.35 0.21 0.19 0.24 0.28 0.17 0.18 0.13 0.13
MgO 12.87 12,67 12.70  12.70  17.24  17.02  17.11  12.98 15.44 15.70  15.65  15.38
Na,O 0.24 0.18 0.25 0.21 0.18 0.21 0 0.17 0.17 0.14 0.18 0.13
K,O 9.05 9.02 8.89 9.00 9.37 9.53 9.38 9.32 9.31 9.36 9.49 9.44
F 0 0 0 0 0.04 0.06 0.11 0 0 0.02 0.06 0
Cl 0.11 0.10 0.12 0.11 0.04 0.06 0.05 0.13 0.04 0.04 0.04 0.05
CuO 0.01 0 0.01 0 0.01 0 0 0.03 0 0
MoO; 0 0 0 0 0 0 0 0 0 0
Total 96.99  99.35  97.08  93.53  95.66  95.31  96.39  96.82  95.65 96.1 95.98  95.87
H,Ocal 3.99 4.04 3.98 3.91 4.03 4.00 4.01 3.99 4.01 4.02 4.00 4.03
O-F-CL 0.02 0.02 0.03 0.02 0.03 0.04 0.06 0.03 0.01 0.02 0.03 0.01
CTotal 100.96 103.37 101.03  97.42  99.66  99.27 ~100.35 100.78  99.65  100.11  99.95  99.89
Sit 5.55 5.63 5.57 5.75 5,60 5.59 5.67 5.63 5.57 5.63 5.61 5.65
Al 2.45 2.37 2.43 2.10 2.40 2.41 2.33 2.37 2.43 2.37 2.39 2.35
Fet 0 0 0 0.15 0 0 0 0 0 0 0 0
T-site 8 8 8 8 8 8 8 8 8 8 8 8
Al 0.06 0.06 0.02 0 0.08 0.13 0.17 0.05 0.03 0.09 0.10 0.07
Tit! 0.42 0.42 0.40 0.44 0.40 0.38 0.38 0.41 0.40 0.38 0.39 0.45
Fe'* 0.33 0.37 0.33 0.18 0.25 0.24 0.27 0.33 0.28 0.28 0.28 0.30
Fe?* 2.01 2.06 2.15 2.07 1.22 1.20 1.18 1.96 1.62 1.51 1.49 1.44
Mn** 0.04 0.04 0.04 0.05 0.03 0.02 0.03 0.04 0.02 0.02 0.02 0.02
Mg 2.85 2.74 2.82 2.93 3.75 3.72 3.68 2.87 3.41 3.44 3.43 3.37
M-site 5.72 5.68 5.77 5.67 5.73 5.70 5.71 5.67 5.76 5.72 5.70 5.64
Na? " 0.07 0.05 0.07 0.06 0.05 0.06 0 0.05 0.05 0.04 0.05 0.04
K* 1.71 1.67 1.69 1.77 1.74 1.78 1.73 1.77 1.76 1.75 1.78 1.77
A-site 1.78 1.72 1.76 1.84 1.79 1.84 1.73 1.81 1.81 1.79 1.83 1.80
OH™ 3.97 3.98 3.97 3.97 3.97 3.96 3.94 3.97 3.99 3.98 3.96 3.99
F- 0 0 0 0 0.02 0.03 0.05 0 0 0.01 0.03 0
cl- 0.03 0.02 0.03 0.03 0.01 0.01 0.01 0.03 0.01 0.01 0.01 0.01
OH-site 4 4 4 4 4 4 4 4 4 4 4 4
Mg* 0.58 0.57 0.56 0.58 0.75 0.75 0.75 0.59 0.68 0.69 0.70 0.70
F&" F& +MZ"  0.41 0.43 0.43 0.41 0.25 0.24 0.24 0.41 0.32 0.31 0.30 0.30
Mg Mg+ Fe 0.55 0.53 0.53 0.55 0.72 0.72 0.72 0.56 0.64 0.66 0.66 0.66
TBt-2-4 Mg* =Mg Mg+ Mn+
Fe?" H,Ocal H,O O-F-CL F Cl CTotal CTotal = Total +
H,Ocal- O-F-CL
FeO"  MgO Fe? '
Fe** + Mg Na Si
- MgO  FeO' MgO  FeO'
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Fig. 5 Chemical composition of biotites symbols as for Fig. 3
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14.36% TiO, 3.57% ~3.86% 3.48% ~ SREE LREE HREE @
3.67% 3.42% —~4.08% 3 > REE
ALO;  TiO, Ford 1978
Panguna Bougainville Papua New ~ 0.302 X 107 °~3.691 x 10 ° 1.607 X
Guinea 107 0.150 X 1076 ~ 1.429 x 106
TiO,  ALO; 0.652x10°° 0.195x10 %~1.021x10"°
Nachit ez al. 2005 0.559x 10 °® @ LREE HREE
33 SiO, 37.24% ~ 0.264~5.890
38.88% 38.40% ~39.28%  37.55% ~38.47% 2.277  0.718 ~— 1.974
3 SiO, MnO 1.384 0.247~3.391 1.261 LREE
0.28% ~ 0.35% 0.19% ~ 0.24% HREE
0.13% ~0.18% Mn S REE > REE 0.150x 10 °~
Mn?* 3.691x10°° -
Fe? ™ Mg*" 1984 REE
MnO 6
Fe*  Fe' + Mg Co
MnO Rb Ba Nb
Mn Sc V Co Ni Cr UThPbSrZr Hf Y
4 3 K,O Ta Bea 1994
Na,O 2006
Na Rb Ba Nb Ta Se V
Co Ni Cr
3.2 2 —
26 — Co
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> REE — @®
0.150 X 10 ©~3.691 x 10 ° Ba Rb Co
Bea 1994 Ba 2036.937 %10 °~2859.129
LA-ICP-MS Pena Negra X 107% 1 977.583 X 10°° ~ 2 863.153 x 10°°
> REE 0.28x10 0~1.44x10"° 2454.340 <10 °~4 813.162 10 ° Rb
2006 LA-ICP-MS 548.686 X 10 ~625.992x 10 ¢ 553.449x 10 °~
> REE 1.87x  626.723x 10 ° 412.885x 10 %~580.303 < 10 ¢
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Fig. 6 Primitive mantle-normalized spidergrams for trace elements in three different kinds of biotites primitive
mantle values from McDonough & Sun 1995
a— b— c—
2008 2004
a—biotite from matrix of granodiorite porphyry b—biotite from K-feldspar porphyroblast of granodiorite porphyry c—biotite from the alteration
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