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Rock types and genetic significance of hornfels and location prediction of
concealed porphyry bodies in Jiama copper polymetallic deposit, Tibet
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Abstract

The hornfels thermal metamorphism is well developed in the Jiama copper polymetallic deposit. Rock types
of hornfels can be divided into the pre-oreforming stage hornfels and the syn-oreforming ones, belonging to AEH
facies with the main mineral association being albite + biotite + quartz. The pre-orefoming hornfels consists of
protogenic biotite hornfels with typical mottled and banded structures, and felsic hornfels characterized by re-
fined grains, with most phenocryst minerals having no independent morphology. The syn-oreforming hornfels
silicified hornfels and hydrothermal biotite-chlorite hornfels, with phenocryst minerals possessing good crystal
habit. Based on stratigraphic contact relationship and rock fabrics, the authors infer that the protoliths of horn-

fels were sandy slates and carbonaceous slates, evidenced by comparative study of petrochemical and geochemical
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features. Considering that hornfels is a natural tracer material for thermal metamorphism, the authors contoured
the thickness of hornfels and related mineralization and located the concentration centers of Cu and Mo, which
helps indicate the location of the concealed porphyry body with the help of the la-
test exploration results. The authors built a model for the Jiama copper polymetallic deposit, which indicates the
sequence of mineralization in the ore deposit and comparatively explains the roles of the thermal metamorphism
and hydrothermal alteration in hornfels type mineralization.

Key words: geology, hornfels, pre-oreforming hornfels, syn-oreforming hornfels, thermal metamorphism,

concealed porphyry, deposit model, porphyry metallogenic system, evolution, Jiama
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Fig. 1 Geological map of the Jiama copper polymetallic deposit after Tang et al. 2009
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Table 1 Types of porphyry hornfels and mineralization occurring in hornfels in ore deposits associated with porphyry
magma-hydrothermal solution
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Fig. 3 Types and fabric characteristics of hornfels in the Jiama ore deposit
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Table 3 REE data of slate and hornfels in the Jiama copper polymetallic deposit

La Ce Pr Nd Sm Eu Gd Thb Dy Ho Er Tm Yb Lu Y
80 35.46 67.73 8.38 31.326.13 0.89 5.44 0.82 5.62 1.09 3.13 0.49 2.87 0.48 30.43
72 28.18 53.12 5.95 21.31 4.22 0.90 4.18 0.66 4.73 0.98 2.70 0.43 2.68 0.42 27.31
JMO1-Blb 80.63 143.70 16.06  60.24 10.09 1.53 7.74 1.20 7.36 1.48 4.49 0.63 4.63 0.63 34.3
48.09 88.18 10.13 37.62 6.81 1.11 5.79 0.89 5.90 1.18 3.44 0.52 3.39 0.51 30.68
JM09-B2 72.25 145.60 14.57 54.45 9.97 1.51 7.66 1.12 6.33 1.22 3.73 0.54 3.92 0.54 26.4
IPD16-B1 37.22.72.42 7.13 26.91 5.29 1.00 5.28 0.91 5.89 1.24 3.72 0.54 3.81 0.50 30.1
IPD19-B1 26.57 54.93 5.97 21.97 4.95 1.33 5.85 1.07 6.87 1.33 4.27 0.61 4.32 0.60 32.6
45.35 90.98 9.22 34.44 6.74 1.28 6.26 1.03 6.36 1.26 3.91 0.56 4.02 0.55 29.70
1-2 1998 3-6 2009 Taylor et
al. 1985
5 3 8
A-C-FM Ta 13
I I m “ »
al+fm - c+alk -si REE
7b REE REE
500 100 Michard 1989

REE
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30 6 1031
5 2322-393.33 6302-144.5
Table 5 EPMA data of spotted hornfels 2322-393.33 and carbonaceous hornfels 6302-144.5 in the Jiama copper polymetallic
deposit
w B %
Na,O SO, MgO ALO; K, O CaO MnO P,Os TiO, FeO Cr,05 NiO
2322-393.33-1 0.00 27.00 12.19 21.45 0.33 0.00 0.72 0.00 0.72 25.36 0.09 0.00 87.86
2322-393.33-2 0.00 98.71 0.00 0.31 0.04 0.01 0.00 0.00 0.00 0.09 0.00 0.02 99.18
2322-393.33-3 0.28 51.03 1.25 35.01 7.95 0.00 0.06 0.01 0.14 2.0l 0.01 0.05 97.80
6302-144.5-1 0.134 35.358 9.161 17.595 6.512 0.239 0.112 0 1.109 21.043 0.478 0 91.741
6302-144.5-2  6.164 57.262 0.27 27.088 0.177 8.997 0.076 0  0.012 0.904 0.042 0  100.992
JXA-823V
20 kV 2x1078%A 2 pm 2011 4
6
Table 6 EPMA data of chalcopyrite and molybdenite from hornfels in the Jiama copper polymetallic deposit
w B %
Mo K Fe Mn Ni Cu As Au Pb Ag S Co Zn
3219-580.70-4 0.688 30.886 0.048 0.004 35.005 0.005 34.518 0.021 0.047 101.222
3219-602.85-1 0.025 0.01 30.97 34.409 0.101. 0.053 34.503 0.024 0.033 100.128
3219-776-1-1 0.127 30.473 0.012 0.003 35.048 0.008  0.169 0.014 34.489 0.062 0.114 100.519
3219-776-1-2 0.134 47.053 0.018 0.174 0.015 0.032 0.134 51.902 0.41 0.16 100.032
3219-806.2-1 0.073 30.67 34.96 0.046 0.011 0.011 34.39 0.047 0.369 100.577
3219-806.2-2 0.095 30.832 0.006 35.135 0.052 0.024 0.028 34.275 0.021 0.247 100.715
3219-836.05-2-1-1 59.717 0.026 0.009 0.437 0 40.767 0.024 0.189 101.169
3219-836.05-2-1-2 59.039 0.004 0.012 0.033 0.492 0.026 40.555 0.129 100.29
3219-836.05-2-2-1 59.62 0.575 0.022 41.112 0.068 101.397
S 2
3219-580.70-4 Cuy.o23Mog 01321y, 001 1.038 Fer.02sMng_002Con. 001 1.03052.000 Mo
3219-602.85-1 Cur.006Pbo.001Z10.001A80.001 1.009 Fer.031Con 001 1.03252. 000 Ag
3219-776-1-1 Cuy 026Moyg.002Pbo. 002200003 1.033 Fer.015C00. 002 1.01752.000 Mo
3219-776-1-2 Fey 041Cou. 009 Nio. 004Mon.002Pbo. 001Z00.003 1,059 S2A%0.001 2.001 Cu Mo
3219-806.2-1 Cuy.026Mo.001Zng. 011 1.038 Fer.024Cop.001 1.02652.000 Mo
3219-806.2-2 Cuy 035Moy.002Zn0.007 1.043 Fer 033C00. 001 1,03 S2As0.001 2.001 Mo
3219-836.05-2-1-1 Moy 979Z119. 005 Aug. 003F€9.001Con. 001 0.95892.000 Au
3219-836.05-2-1-2 Moy 973Zng. 003Au0. 004Mng. 001 0.981%2. 000 Au
3219-836.05-2-2-1 Moy, 969Z19. 002AU0. 005 0.97652. 000 Au
JXA-823V
20 KV 2x1078%A 2 pm 2011 4
6 Ag
20 km?
Allaby et al. 1990
— —
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20
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0~40
7 10
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Table 7 lhl.ckness and mlnerallzatl.on of h(')rnfels in the Sillitoe | 2010
Jiama copper polymetallic deposit
m m wCu % w Mo %
ZK003 49.90 14.00 0.09 0.02
ZK007 0.00 15.40 0.24 0.05
7ZK008 82.73 1.03 0.07 0.00
ZKO011 5.30 3.52 0.16 0.01
7ZK012 0.00 0.00 0.04 0.00
7ZK014 63.91 4.00 0.08 0.00
7ZK016 125.20 14.87 0.13 0.00
ZK018 270.05 41.59 0.15 0.01
ZK020 308.70 17.80 0.12 0.01
ZK026 464.50 111.70 0.10 0:02
ZK030 872.95 90.00 0.09 0.01
7ZK034 741.92 30.00 0.11 0.01
7K1602 24.10 0.00 0.03 0.00
ZK1604 187.78 0.64 0.06 0.01
ZK1607 214.54 6.99 0.05 0.01
ZK1608 249.22 0.00, 0.07 0.03
ZK1609 254.10 10.30 0.08 0.01
ZK1616 419.90 353.21 0.21 0.04 -
ZK1618 528.13 135.76 0.13 0.02 0~ 40
ZK1620 340.13 85.18 0.20 0.02
7ZK1622 570. 40 171.87 0.20 0.02 Cu Mo 11
7ZK1626 772.50 187.42 0.19 0.02 Cu Mo
7ZK3203 162.27 14.00 0.18 0.01
ZK3204 180.87 24.41 0.17 0.02 Mo
ZK3207 223.10 31.20 0.10 0.01 Mo
ZK3208 307.25 30.00 0.11 0.02
7K3209 462.60 82.00 0.19 0.02
ZK3212 400.10 280. 14 0.28 0.02 ZK1616 ZK3216
7ZK3216 729.10 685.68 0.25 0.05
7K3220 845.10 243.50 0.19 0.01
7ZK3224 982.50 26.00 0.07 0.01
7ZK4002 34.10 14.42 0.27 0.01
ZK4004 369.00 108.34 0.14 0.02
ZK4006 310.40 51.86 0.18 0.01
7ZK4008 521.45 102.58 0.21 0.01 — - _
7ZK4012 614.78 336.74 0.27 0.03
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Fig. 11 Element abundances contour of Cu a and Mo b in drill holes of 0~40 line in the Jiama

ore deposit
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Fig. 12 Microstructure phenomena of hornfels and skarn in the Jiama ore deposit
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Fig. 13

Model of the Jiama polymetallic copper deposit

I—Adamellite porphyry 2—Marble and limestone 3—Wollastonite skarn 4—Garnet skarn 5—Hornfels 6—Carbonaceous slate and

sandy slate 7—Direction of nappe structure 8—Copper 9—Molybdenum
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