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Mineral Chemical Characteristics of Biotites from Hornfels in the
Jiama(Gyama) Polymetallic Copper Deposit of Tibet and Their
Geological Significance
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Abstract: Biotite from hornfels in the Jiama(Gyama) polymetallic copper deposit can be classified into primary
biotite and hydrothermal one. Two sorts of biotite were observed by SEM and measured by EMPA. The authors
calculated the chemical formula of biotite on the basis of EMPA data. Both primary and hydrothermal biotites are
magnesian biotites and have experienced hydrothermal alterations. Magma-hydrothermal fluids were gradually
converted into oxidation state, as evidenced by the increase of Fe®* and decrease of Fe?*, the increasing
differentiation between Fe®* and Fe?*, and the decrease of K, Na and Ca content from primary biotite to
hydrothermal one. Compared with things of primary biotite, more Cu was likely to be concentrated in
hydrothermal biotite. The Cu content of rocks has positive correlation with Fe?*/(Fe’*+Mg?®") of biotite, and
negative correlation with Fe*/Fe?" in hydrothermal biotites, which suggests that the mineralization intensity of
hornfels-type ores containing hydrothermal biotites might be judged by Fe*'/(Fe**+Mg*") ratio of hydrothermal
biotites; nevertheless, Mo is spread in two sorts of biotite diffusely, and doesn’t have characteristics of selective
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compendium zoning of hornfels
B1 HIBEZERT AT XMRERAMEESREMS AELBBRMEL S, FERTE, 2011)
Fig. 1 Geological map of the Jiama(Gyama) copper-polymetallic deposit (with the supposed location of concealed porphyry
and the brief division of rock types of hornfels) (after WANG Wei-ping et al., 2011)
CA- + — ; B-

( ) + : C- ( ) +
Diagrammatic zoning of rock types of hornfels: A-primary biotite hornfels, felsic hornfels+hydrothermal biotite-chlorite hornfels, silicified

hornfels and skarnized hornfels; B-primary biotite hornfels (retrograded-chlorite hornfels), felsic hornfels+silicified hornfels; C-primary

biotite hornfels (retrograded-chlorite hornfels), felsic hornfels+silicified hornfels and propylitic hornfels
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Fig. 2 Microscopic and SEM images of primary and hydrothermal biotites from hornfels in the
Jiama(Gyama) copper polymetallic deposit

+- : 3219-612.15-2- , ZK3219 612.15m 2 :
a-3219-612.15-2, , , (+); b-3219-612.15-2, , :
¢-3219-267.09, , , (+); d-3219-267.09, , ( 1 (
2) ( 3) ;e-4803-696.4-2, , (1 ( 2 ;f1527-626.1,
, ( 3) (1 ( 2 ;g-3219-787.65-2, , +);

h-3219-787.65-2, ( ), , ,
+-crossed nicols; 3219-612.15-2-standing for serial number of the sample, representing the sample at the depth of 612.15 m in drill hole
ZK3219; a-3219-612.15-2, banded biotite hornfels showing cryptocrystalline texture, and primary biotite having no ideal crystalline form (+);
b-3219-612.15-2, scanning electron microscopy image showing primary biotite with no ideal crystalline form; c-3219-267.09, mottled biotite
hornfels showing cryptocrystalline texture, and primary biotite having no ideal crystalline form (+); d-3219-267.09, scanning electron
microscopy image showing mineral association of primary biotite (spot 1) + albite (spot 2) +quartz (spot 3); e-4803-696.4-2, scanning
electron microscopy image showing the coexistence of primary biotite (spot 1) and quartz (spot 2) in matrix of banded hornfels; f-1527-626.1,
scanning electron microscopy image showing the coexistence of primaryc biotite (spot 3), quartz (spot 1) and albite (spot 2) in matrix of
banded hornfels; g-3219-787.65-2, hydrothermal biotite coexistent with chlorite (+); h-3219-787.65-2, scanning electron microscopy image
of hydrothermal biotite (blue spot) showing well-developed crystal form and displaying a cluster of eminent cleavages
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Table 1 Electron microprobe analyses of representative primary biotites from the Jiama(Gyama) copper polymetallic deposit (wB%o)

(

( ) L
3219-661.13-1 1527-626.1 1527-626.1 3219-612.15-2 3219-612.15-2 4803-696.4-2 6302-144.5
1 1 2 1 2 1 1
Na,O 0.056 0.067 0.157 0.118 0.107 0.135 0.134
MgO 9.286 11.328 11.629 13.698 13.279 14.688 9.161
Al,04 16.329 17.767 18.091 17.251 17.681 14.120 17.595
Cuo 0.000 0.000 0.056 0.000 0.000 0.000 0.000
SiO, 34.446 36.043 37.085 37.724 37.578 37.487 35.358
CaO 0.019 0.041 0.038 0.000 0.000 0.067 0.239
K20 11.007 10.818 10.428 10.565 10.585 10.190 6.512
FeO' 16.838 16.147 16.988 12.683 14.353 16.035 21.043
MnO 0.105 0.159 0.119 0.127 0.160 0.136 0.112
TiO, 2.164 1.653 2.281 1.973 2.010 1.872 1.109
Cr,03 0.208 0.135 0.111 0.033 0.128 0.240 0.478
NiO 0.017 0.036 0.002 0.000 0.052 0.044 0.000
MoO; 0.000 0.000 0.020 0.013 0.018 0.004 0.000
Total 90.475 94.194 97.005 94.185 95.951 95.018 91.741
Si 5.333 5.310 5.306 5.485 5.391 5.455 5.366
Al( ) 2.667 2.690 2.694 2.515 2.609 2.422 2.634
Tetrahedral Site 8.000 8.000 8.000 8.000 8.000 7.877 8.000
Al( ) 0.312 0.396 0.356 0.441 0.380 0.000 0.513
Ti 0.252 0.183 0.245 0.216 0.217 0.205 0.127
Mg 2.143 2.488 2.480 2.969 2.839 3.186 2.072
Ni 0.002 0.004 0.000 0.000 0.006 0.005 0.000
Fe2+ 1.194 0.979 1.335 0.808 0.907 0.620 3.351
Fe3+ 1.248 1.225 0.990 0.912 1.014 1.467 0.055
Mn 0.014 0.020 0.014 0.016 0.019 0.017 0.014
Ca 0.003 0.006 0.006 0.000 0.000 0.010 0.039
Cu 0.000 0.000 0.006 0.000 0.000 0.000 0.000
Mo 0.000 0.000 0.001 0.001 0.001 0.000 0.000
Cr 0.025 0.016 0.013 0.004 0.015 0.028 0.057
Octahedral Site 5.193 5.317 5.447 5.365 5.398 5.539 6.228
K 2.174 2.033 1.903 1.960 1.937 1.892 1.261
Na 0.017 0.019 0.044 0.033 0.030 0.038 0.039

Interlayer 2.191 2.052 1.947 1.993 1.967 1.930 1.300
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Table 2 Electron microprobe analyses of representative hydrothermal biotites from the Jiama copper polymetallic deposit (wB%)

(

)

3219-580.7 3219-580.7 3219-749.51-2  3219-749.51-2  3219-787.65-2  3219-787.65-2 3219-787.65-2  3219-340.15-1 3219-423.43-3  3219-423.43-3
1 2 1 2 1 2 3 1 1 2
Na,O 0.148 0.142 0.080 0.047 0.092 0.077 0.056 0.112 0.122 0.188
MgO 10.594 11.113 18.600 20.377 16.405 18.262 18.727 12.700 12.032 12.174
Al,0; 18.581 18.887 16.415 15.811 14.555 13.686 14.293 18.292 17.391 18.001
CuO 0.000 0.016 0.009 0.056 0.112 0.000 0.068 0.000 0.072 0.000
Sio, 34.603 34.057 40.190 38.933 39.172 39.409 40.554 34.468 35.534 35.822
CaO 0.021 0.000 0.000 0.000 0.079 0.019 0.054 0.087 0.000 0.000
K.0 9.598 9.206 9.443 8.324 9.910 9.965 9.631 9.176 9.970 10.257
FeO' 19.157 19.530 10.368 10.562 12.967 13.083 13.976 16.043 16.478 17.377
MnO 0.054 0.179 0.075 0.044 0.021 0.055 0.041 0.209 0.109 0.184
TiO, 2.237 2.211 1.241 1.081 0.207 0.398 0.346 1.576 1.858 1.990
Cr,04 0.228 0.044 0.033 0.040 0.125 0.034 0.142 0.971 0.148 0.004
NiO 0.052 0.022 0.017 0.027 0.017 0.019 0.002 0.000 0.011 0.110
MoOs; 0.015 0.000 0.004 0.001 0.000 0.000 0.007 0.000 0.021 0.000
Total 95.288 95.407 96.475 95.303 93.662 95.007 97.897 93.634 93.746 96.107
Si 5.071 4.981 5.608 5.481 5.692 5.638 5.629 5.093 5.254 5.176
Al( ) 2.929 3.019 2.392 2.519 2.308 2.308 2.338 2.907 2.746 2.824
Tetrahedral Site 8.000 8.000 8.000 8.000 8.000 7.945 7.968 8.000 8.000 8.000
Al( ) 0.281 0.237 0.308 0.105 0.185 0.000 0.000 0.278 0.285 0.242
Ti 0.247 0.243 0.130 0.114 0.023 0.043 0.036 0.175 0.207 0.216
Mg 2.314 2.423 3.869 4.276 3.553 3.894 3.875 2.797 2.652 2.622
Ni 0.006 0.003 0.002 0.003 0.002 0.002 0.000 0.000 0.001 0.013
Fe2+ 1.538 1.466 0.458 0.253 0.399 0.009 0.304 1.026 1.090 0.952
Fe3+ 1.147 1.244 0.852 1.046 1.264 1.558 1.385 1.181 1.187 1.357
Mn 0.007 0.022 0.009 0.005 0.003 0.007 0.005 0.026 0.014 0.023
Ca 0.003 0.000 0.000 0.000 0.012 0.003 0.008 0.014 0.000 0.000
Cu 0.000 0.002 0.001 0.006 0.012 0.000 0.007 0.000 0.008 0.000
Mo 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000
Cr 0.026 0.005 0.004 0.004 0.014 0.004 0.016 0.113 0.017 0.000
Octahedral Site 5571 5.644 5.632 5.813 5.468 5.520 5.636 5.611 5.462 5.424
K 1.794 1.718 1.681 1.495 1.837 1.819 1.705 1.730 1.881 1.891
Na 0.042 0.040 0.022 0.013 0.026 0.021 0.015 0.032 0.035 0.053
Interlayer 1.837 1.758 1.703 1.508 1.863 1.840 1.721 1.762 1.916 1.943
,2011 4 6302-144.5-1 , 2011
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Table 3 Calculation results of representative hornfels biotites from Jiama copper polymetallic deposit

3219-661.13-1 1 (K217 Nag.02)2.19 (MNg.o1 MJ2.14 Fe?*110 Fe™, 25 Tio.2s Aloa1 Croos)se (Alze7 Sis.as)s O20(0OH)s
1527-626.1 1 (Kzos Nao02)205 (MNo.c2 MGz.4 Fe** 008 F€**1.22 Tin.16 Alo.ao Crogz Caoon)ssz (Alzss Sisar)s O20(OH)a
1527-626.1 2 (K1.90 Nag.04)1.95 (MNg.01 MQ2.4s Fe?*1 a1 Fe*0.99 Tio2s Alg.as Croor CUgor Cag.01)5.45 (Al2.6o Sis31)s O20(0OH)s
3219-612.15-2 1 (K196 Nag03)1.90 (MNg.02 Mgz.97 Fe**0.81 Fe*0.01 Tio22 Alo.aa)s 37 (Alzs1 Sisa9)s O20(OH)s
3219-612.15-2 2 (K184 Nag03)1.97 (MNg.0, MQ2.64 Fe?001 Fe*"101 Tio22 Aloag Croor Nio.01)s.4 (Alz61 Sis39)s O20(OH)4
4803-696.4-2 1 (K189 Nao.0a)1.93 (Moo Mga.10 Fe**0.52 Fe**1.47 Tio 20 Cro.os Cao.or Nioo1)s.sa (Alz.az Sis.a)7.88 O20(OH)s
6302-144.5 1 (K126 Nag.4)1.3 (MNgo1 Mg2,07 Fe?*3.35 F&**0.05 Tio1s Alosi Croos Cag.04)6.23 (Al263 Sis.37)s O20(0H)s
( ) (Kx.s Naooz)101 (Moo Mgz Fe**1.30 F&* .00 Tinzr Aloz2 Crogz Cooor Caoon)s.as (Alzsz Siszs)e O20(OH)a
3219-580.70 1 (K1.79 Nao.04)1.8 (MnNo.01 M2.31 F&**1 54 Fe**1.15 Tio.25 Alo.26 Cro.0s Nio.o1)s 57 (Al s Sis 7)s O20(OH)a
3219-580.70 2 (K172 Nag.0a)1.76 (Moo Mg2.42 Fe**1 47 Fe*1 54 Tio 24 Alo.24 Cro.01)s.64 (Alsoz Siasg)s O20(OH)s
3219-749.51-2 1 (K8 Naoz)1.70 (Mnoor MUss7 Fe* .46 F€™ 0.5 Tin1s Aloan)s.sa (Al2ze Siser)s O20(OH)a
3219-749.51-2 2 (K150 Nag.o1)151 (MNg.o1 MQa2g Fepo.zs Fe®*1 05 Tio11 Aloo Cuo.01)s.81 (Alz52 Sis.ag)s O20(0H)4
3219-787.65-2 1 (K84 Naoos)1.6 (MGsss Fe*0.40 Fe* 126 Tio.oz Alo.1o Croor Cloor Caoor)sar (Alzar Sise)s O20(OH)s
3219-787.65-2 2 (K182 Nag.o2)1.84 (MNg.01 M3 g9 Fe? o0 Fe3+1.56 Tiooa)s52 (Al231 Sis9)s O20(0H)4
3219-787.65-2 3 (K71 Naooz)1.72 (M7 F€*0.30 Fe**1.35 Tio.os Cro.02 Clloor Caoon)siss (Alzss Sises)7.s7 O20(OH)s
3219-340.15-1 1 (K173 Nag.03)1.76 (MNo.03 MJa2.80 Fe?"; 03 Fe**118 Tig1s Alggg Cro Cago1)s61 (Al2g1 Sis09)s O20(0OH)4
3219-423.43-3 1 (Ku.ss Naooz)ra2 (Mnoor MUz.e5 Fe** 106 F€* 110 Tiozr Alozs Crogz CUoor)s.as (Alzzs Sis z5)s Oz20(OH)s
3219-423.43-3 2 (Kx.g9 Naoos)1es (Moo Mgz62 Fe* 005 F€* 136 Tinze Alo.2s Nioon)s.az (Alz2sz Siss)s O20(OH)a
( ) (Ku.75 Naoos)1.78 (MNoor MJs.24 Fe**0.74 F€* 122 Tio14 Alo.ss Crogz Coons)sis? (Alzss Sisar)s O20(OH)a

x4 BRETECEBRHEESECSHR. BV AR Cu. Mo SEXTEESITER

Table 4  Statistics of characteristics value of biotites from hornfels and Cu-, Mo-content of hornfels-type ores and biotites at the same depth

(0 %) (g %)
Fe?'/(Fe** +Mg?") Fe®/Fe?* CuO MoO; Cu Mo
3219-340.15 0.2684 1.1511 0 0 0.3192 0.002075
3219-423.43 0.2788 1.2572 0.036 0.0105 0.1641 0.0102
3219-580.70 0.3881 0.7972 0.008 0.0075 0.1638 0.0036
3219-612.15 0.2280 1.1233 0 0.0155 0.1596 0.0090
3219-661.13 0.3578 1.0452 0 0 0.0864 0.0071
3219-749.51 0.0809 2.9973 0.065 0.0025 0.2198 0.0253
3219-787.65 0.0587 60.2783 0.06 0.0023 0.1650 0.1072

Cu Mo
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O2(0H)s( 4), ,

: Mg
,Fe?"  Fe* K , Cu
1) MgO 9.16% 14.69%,
11.867%, FeO'( ) 12.68%
21.04%, 16.298%; MgO
10.59% 20.38%, 15.098%, FeO'(
) 10.37% 19.53%, 14.954%
Mg?*/(Fe** +Fe®") 0.61
1.73, 1.201; Mg?/(Fe**+Fe®")
0.86 3.29, 1.848
Mgz+ (Fez+ + Fe3+) ,
Stone(2000)
Fe®/(Fe**+Mg®") ,
( , 2007;
, 2010)
Fe*/(Fe**+Mg*") 0.16 0.62, 0.318,
0.15; Fe*/(Fe**+Mg*")
0 0.40, 0.194, 0.142 ,
Fe¥/Fe®* 0.02 2.37,
1.096; Fe®/Fe®* 0.75 164.60,
18.356
Fe?*/(Fe**+Mg®") ,
Fe3+ ,

Fe** Fe?
, Fe* . Fe*
, 3
( 3a),
( 3b)
3KMgxFe@.x)2 AlSiz050(0H); ( ) + 20H" &

KAI;Siz010(0H), ( ) + 2K' + 3XMg* +
(3-X)3Fe?* + 6H,Si0, (Jacobs et al., 1979),
3a e

3b ,

2KFe3AlSi;010(0H), ( ) + 4H+ &
FesAl,Siz010(0H)g ( ) + 3Si0, + Fe?* + 2K*
(Harris et al., 2002), .

3 EoBAERHMRERATREMMESHEL

Fig. 3 Alteration and transformation of biotites by late stage hydrothermal fluids

a- (

: 1218-197.75); b- (

1 419-407.1)

a-primary biotites reformed by silicification, surrounding the quartz vein(N0:1218-197.75); b-hydrothermal biotites themselves changed into
chlorite through retrogressive metamorphism by acidic fluids (No:419-407.1)
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Fig. 4 Mg/(Fe+Mg+Mn)-Si classification of primary and
hydrothermal biotites (after Kanisawa, 1977)
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(  Foster, 1960)

Fig. 5 Mg-(AIV+Fe®*+Ti)-(Fe?*+Mn) ternary classification
of primary and hydrothermal biotites (after Foster, 1960)
A- ; B- ; C- ; D- ;

E- ; F-
A-phlogopite; B-magnesian biotite; C-ferrobiotite; D-siderophyllite;
E-ferro-muscovite; F-muscovite

2) ASI (
6) , A|203 Na,O K,0
CaO .
Al,O3 K,O
TiO, 1.11% 2.28%,
1.866%, Al,O4 14.12% 18.09%,
16.976%; TiO,
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(FEE#E Clarke, 1992; ASI i+ & 38 Shand, 1927)
Fig. 6 ASI classification diagram of primary and
hydrothermal biotites
(after Clarke, 1992; calculation of ASI after Shand, 1927)
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Fig. 7 TiO,-Al,O5 correlation diagram of primary and
hydrothermal biotites
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TiO, 1% 2.5%, Al,Os
16% 19%,
(1981) « )
, TIO,  Al,O, ,
TiO,-Al,0; (7 ,
) , TiO,
Al,O3 ; Nachit
(2005) TiO,  AlO;
« )
3) K,0 6.51% 11.01%,
10.015%; Na,O 0.06% 0.16%,
0.111%; CaO 0% 0.24%,
0.058%; K Na 31.99
129.37, 69.29,
; K,0 8.32%
10.26%, 9.548%; Na,O 0.05%
0.19%, 0.106%; CaO 0% 0.09%,
0.026%; K/Na
35.91 116.57, 28.86,
, K Na Ca
: (1981) :
o Hs0", K* :
4) Cuo( 1527-626.1
2 0.056% Cu0), MoO; 0%
0.02%, 0.008%, 0.009,
; CuO,
0% 0.11%, 0.033%, 0.04,
MoO; 0% 0.02%, 0.005%,
0.007 , CuO
) MoOs )
, Mo
, Cu
5) (
8) , FeO" MgO AlLO; K,0 TiO,
Fez+/(Fez++Mgz+) '
, Fe

Mg Al K Ti

; CuO

Fe2+/(Fez++Mgz+)

: MoO;

4 BEXMAERNT KRR

, Cu , Cu
( )7
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