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Facieology and mineragraphy characteristics of Lawu zinc-copper
polymetallic ore deposit in Tibet and their significance

LIU Yan!, ZHAO YuanYi', WANG RuiJiang', CUI YuBin?, SONG Liang” and YANG ChangQing’
(1 Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China; 2 China University
of Geosciences, Beijing 100083, China; 3 Henan Geological Survey, Zhengzhou 450007, Henan, China)

Abstract

Located in Dangxiong County of Tibet, the Lawu ore deposit is a large-size skarn zinc- copper polymetallic
deposit. According to detailed field geological survey, indoor petrologic and mineralogical determination, SEM
and EDS analysis, and ICP-MS spectral analysis, the authors studied facieology and mineragraphy characteristics
of the Lawu zinc-copper polymetallic deposit. The main rock body of the ore deposit is muscovite monzonitic
granite, with a clear decrepitation structure. The main skarn types are garnet skarn, diopside-bearing garnet
skarn, garnet-diopside skarn and diopside skarn. The number of aluminum atoms is 0.36~0.86 in the gray part
of zonal garnet and is 1.23~1.53 in the black part; nevertheless, the number of calcium atoms shows the oppo-

site trend. The garnet ring implies that there have been 13 material exchange processes between magma and
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limestone strata. Skarn and the formation of the subsequent altered rock controlled mineralization. There ap-
pears granular changing trend of diopside-elongated diopside—>sub-amphibole-epidote—chlorite + quartz—carbon-
ate + quartz in the garnet crystal. Accordingly, the mineralization shows the order of bismuth + cobalt-nickel—
bismuth + copper-lead-zinc—>copper-lead-zinc-silver—indium mineralization. Metallic minerals include pyrite,
chalcopyrite, pyrrhotite, sphalerite, galena, argentite, natural bismuth, sulfur-copper-iron-bismuth ore, sulfur-
lead-bismuth-silver ore (?), gersdorffite, stannite, dzhalindite etc. Useful metals are zinc, copper, lead, tin,
bismuth, cobalt and indium, whose resource characteristics need to be evaluated. When mining is carried out,
the comprehensive utilization should be taken into account.

Key words: geology, zinc-copper polymetallic deposit, garnet zoning, skarn, facieology and mineragraphy; Lawu
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Fig. 1 The location of the Lawu ore deposit in Tibet modified after He et al. 2009
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Fig. 2 Geological map of the Lawu ore district modified after Liu et al. 2008
1—Quaternary 2—Quartz sandstone and feldspathic quartz sandstone of Permian Luobadui Formation 3—Marble 4—Hornfelsized phyllite of
Carboniferous Pangduo Formation 5—Skarn 6—Late Yanshanian muscovite monzogranite 7—Ore body mineralized body and its serial num-

ber 8—Measured fault and its serial number 9—Inferred fault and its serial number 10—Geological boundary 11—Attitude
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1
Table 1 Statistics of characteristics of Lawu ore body
X m w %
1 1 4900 X 8.18 2~40°/39~78° Cul.03 I
2 II 1000 X 11.67 2°/10~20° Cu1.02 Zn 10.45 B 5
3 I} Zn5.64 Fs
v 1800 % 8.76 2~6°/34° Zn3.6 Pb0.42
V 1100 % 14.59 0~6°/29~42° Zn 3.43 Pb0.62
6 v 700 15.08 3-6° /42" %fg“l Pbs.12
2008 2004 2
700~4 900 m §.18~15.08 m 4
Cu
—Cu Zn—>7Zn—>7n Pb—Pb Zn Ag 3
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Fig. 3 The Lawu ore district and tvplcal specimen photos
a. 4452 adit: b. Muscovite monzogranite (sample number: Lw8-1): ¢. Copper-zinc ore (sample numbel 09-4): d. Zine-copp
(sample number: LW4410-09-8): e. Bornite in zinc-copper ore Ksample number: Lw4410-09-7): {. Pyrrhotite in zinc-copper ore (sample num-

ber: Lw2-14): g. Quartz vein type copper ore (sample number: Lw4410-09-12): h. Sericite rock type tin ore ( sample number: Lw4410-09-32):

~—Muscovite, Sp—Sphalerite, Chal—Chalcopyrite, Po—Pyrrhotine, Bn—Bornite
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c. LW4410-1 d.
LW6-1 e.

LW6-1 Prh f.

LW4452-1 g. LW5S-2
- h. LW4-1
Fig. 4 Microphotographs of typical wall rocks

a. Granite decrepitation rock sample number LW7-3  Decrepitation texture the gaps among fragments are filled up with crushed material replaced
by sericite and carbonate minerals formed by late hydrothermal alteration b. Granite decrepitation rock sample number LW2-21  Decrepitation tex-
ture plagioclase crystals with polysynthetic twin are disintegrated but twin-striations aren’ t winding. Fragments are broken but not cracked and the
distance between fragments is short which can still restore plate-like crystal —c. Granite decrepitation rock sample number [LW4410-1  Decrepita-
tion texture the broken k-feldspar crystals still have the same extinction position but the fragments lack direction d. Granitic mylonite sample num-
ber LWG6-1  Mylonitic texture mylonitic residual plaque is mainly silicified quartz with phyllitization which shows that the ore district has experi-
enced more than two times of tectonic movement and silicified hydrothermal activity e. Granitic mylonite sample number LW6-1  Mylonitic tex-
ture there is a phenomenon that mylonitic material is replaced by Late prehnite. Prehnite assumes chaotic distribution not affected by directional
structure f. Rhyolite porphyry sample number [.W4452-1  Residual porphyritic texture porphyritic crystals in feldspar are replaced by carbonate
minerals and the groundmass is altered felsitic material g. Hornfelsized phyllite sample number LW35-2 ' phyllitic structure microcrystalline biotite
and muscovite - sericite generated along with hornfels are directionally arranged h. Cleaved cordierite hornfels sample number [LW4-1  Residual
porphyritic blastic texture micro-sheet structure. Cordierite porphyroblasts were replaced completely by micro-squamous muscovite-sericite and were

rebuilt by schistosity effect

4f
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c. LW4452-4 Di 30% ~40% Grt d.
LW4452-7 Di 60 % ~70% Grt e.
LW1-7 Di 100 % f. LW4452-8 Ca-Al-Fe
Grt Ca-Fe Adr g. LW4452-8 Ca-Fe Adr  Ca-Al-Fe
Grt h. LW4410-09-1 Grt

Fig. 5 Microphotographs of typical skarn garnet and diopside

a. Diopside marble sample number LW1-4  Granoblastic texture. Diopside and tremolite show small granoblastic texture and calcite Cal also
shows anhedral granoblastic texture b. Garnet and diopside-bearing skarn sample number LW1-6  The content of diopside is less than 10% and
diopside is granular and wrapped in garnet. Garnet usually assumes euhedral rhombic dodecahedron crystals c. Diopside- garnet skarn sample num-
ber LW4452-4  The content of diopside is 30% ~40% and diopside assumes granular or subhedral short-columnar crystals wrapped in garnet

d. Garnet-diopside skarn sample number [.W4452-7  The content of diopside is 60% ~70% and diopside assumes euhedral short-columnar crys-
tals. Garnet is of subhedral isometric-granular structure e. Diopside skarn sample number LWI1-7  The content of diopside is about 100% and
diopside occurs as euhedral long columnar crystals f. Diopside-garnet skarn sample number [LW4452-8  There are hair-like Ca-Fe garnets distribut-
ed in Ca-Al-Fe garnet g. Diopside-garnet skarn sample number [.W4452-8  Hair-like Ca-Fe garnets and Ca-Al-Fe garnets and their SEM and EDS

analytical positions and serial numbers h. Garnet and diopside-bearing skarn sample number LW4410-09-1  Growth zoning of garnet
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Ap d. LWI-2 Ms mS e
LW3-7 - Ep f. LW2-1 Qtz Ep g
LW4452-1-10 Chl Cal Grt Di h. LW1-7
Di Grt
Fig. 6 Microphotographs of typical altered rocks [l

a. Garnet and diopside-bearing skarn sample number [LW4452-09-6  Growth zoning’ s BSE and EDS analytical positions and serial numbers b.
Diopside skarn sample number [LW4452-09-1  Diopside’ s BSE and EDS analytical positions and serial numbers c-Garnet and diopside-bearing skarn

sample number LWI1-8  Lots of euhedral little columnar fluorapatites d. Muscovitized zinc ore sample number LW1-2  Scaly muscovite and
sphalerite e. Epidotized propylite sample number [LW3-7  Euhedral-subhedral granular epidote f. Epidote-quartz altered rock sample number
LW2-1 Lots of euhedral long-columnar epidotes are wrapped in quartz crystal g. Chlorite altered rock sample number LW4452-1-10  Garnet
and diopside are replaced by chlorite and carbonate minerals h. Carbonate altered rock sample number LW1-7  Diopside and garnet are replaced by calcite.
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b. - - - LW4452-9-5 Po Chal
Bi Gal Sp Bi
Po Gal 0.1~1mm Bi — Gal + Po —
Chal ¢. - - - LLW4452-9-5 Bi 1
Gal Chal Gal Urt
do - - - LW-2-2 Chal Gal Bi Arg Bi
0.05~0.2mm Arg 30% >177C
1978 0.1 mm Chal Bi —
Gal — Chal + Arg >177C 1978 e - LW-1-5 Grt
Bi 60% + - 0.1 mm f. - LW4452-4
Arg Chal <177C
1978 Chal — Arg g. - LW-1-1 Sta
Chal 1978 h. - LLW4452-6 Grt
Ni-Cob 50% + 800C 1978 i -
- LW-2-5 Sp Cal Zh .-
- LW-2-5 Sp Zh

Fig. 7 Microphotographs of metallic minerals from the Lawu ore deposit

a. Copper-lead-zinc ore sample number LWXC09-2  Metal sulfides appear in large quantities are chalcopyrite galena sphalerite and pyrrhotite
which are allotriomorphic-granular and irregular-shaped paragenetic minerals or massive sulphide ores of mutual replacement. Lots of milk drop-shaped

leaf-shaped schlierens of chalcopyrite and pyrrhotite are wrapped in sphalerite crystals suggesting that the crystallization time of sphalerite is similar to
that of chalcopyrite and pyrrhotine. B. Bismuth-copper-lead-zinc ore sample number 1.W4452-9-5  Metallic minerals are pyrrhotite chalcopyrite

native bismuth and a small amount of galena and sphalerite. Native bismuth in metal sulfide ores has usually changed into pink milk color. When bis-
muth is allotriomorphic and irregular-shaped it is only distributed in pyrrhotite and galena and its grain size is 0. 1-lmm. In conclusion these phe-
nomena suggest that the generation sequence is native bismuth— galena and pyrrhotite—chalcopyrite. c¢. Bismuth-copper-lead-zinc ore sample num-
ber LW4452-9-5 Unknown bismuth minerals Bi 1 which are bismuth sulfides determined by EDS  are of the tetragonal or rhombic system

whose reflectivity is a litter higher than galena’ s whose reflective color is slightly biased in favor of pink and has a weak reflection pleochroism whose
hardness is close to that of sphalerite such minerals are associated with chalcopyrite galena Gal etc and are replaced by late needle-like uralite. D.
Bismuth-copper-lead-zinc ore sample number LW-2-2 | Chalcopyrite galena native bismuth and a little argentite. Native bismuth has changed into
pink milk color it is allotriomorphic-granular its grain size is 0. 050.2 mm and it is only distributed in galena. Argentite is gray its reflectivity is
about 30% and it occurs as equiaxal crystal minerals with no reflection pleochroism. The temperature that it generated may be high >177C In-
stitute of Mineral Resources Chinese Academy of Geological Sciences 1978 . It is anhedral and the particle size is about 0. Imm and is also associat-
ed with chalcopyrite. In conclusion these phenomena suggest that the formation sequence is native bismuth— galena — chalcopyrite and argentite >
177 C  Institute of Mineral Resources Chinese Academy of Geological sciences 1978 . E. Bismuth-copper ore sample number LW-1-5  Native
bismuth in garnet is bright white its reflectivity is about 60% it assumes euhedral-subhedral granular structure its grain size is usually less than 0.
Imm and its content is small. f. Bismuth-copper ore sample number [.W4452-4  Argentite in fissures replaces chalcopyrite locally with reflective
multicolor and belongs to monoclinic mineral implying late formation and lower temperature <177C Institute of Mineral Resources Chinese A-
cademy of Geological Sciences 1978 . These phenomena imply that the formation sequence is chalcopyrite = argentite. g. Bismuth-copper ore sam-
ple number LW-1-1  Stannite is light gray with slightly olive green it is allotriomorphic it is associated with chalcopyrite and it is the product of
high-temperature hydrothermal Institute of Mineral Resources Chinese Academy of Geological Sciences 1978 . h. Bismuth-copper ore sample
number LW4452-6  Nickel cobaltite in garnet crystal is isometric-granular and equiaxal crystal mineral and is bright white its reflectivity is about
50% and the temperature that it generated is higher than 800°C  Institute of Mineral Resources Chinese Academy of Geological Sciences 1978 . i.
Indium-copper-zinc ore and copper ore sample number LW-2-5  Isometric-granular dzhalindite arrows in carbonatite minerals which is distributed
among sphalerite crystals and the sphalerite crystals are red under the transmitted light. j. Indium-copper-zinc ore sample number LW-2-5  Iso-

metric-granular holes left by dzhalindite in the sphalerite crystals and the sphalerite crystals are red under the transmitted light
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a. Re,Os Co-Ni-ArS Grt LW-2-11
Re,Os b. Po Sta Gal
LW-2-2 Sta c. Bi Gal
Chal Arg LW2-2 Arg d. Bi Gal Sp
Bi — Gal — Sp LW2-2 Bi e. Ag-Bi-Py
Po Po Py S Bi-Ag LW-1-1
Ag-Bi-Py f. Grt Bi2 LW-1-7
Bi3 g. Grt NiAsS  Ger LW4452-6 Ni-
AsS h. Grt Ni-Cob LW-1-8 Ni-Cob i
Chal Chal LW-2-11 Bi3

Fig. 8 SEM images and energy spectral patterns for major metal minerals

a. Rhenium-osmium-tungsten ore is wrapped in cobalt and nickel-bearing arsenopyrite whereas nickel-bearing arsenopyrite is wrapped in garnet

sample number LW2-11 . There exist the energy spectral patterns of rhenium-osmium-tungsten ore on thet right. b. Stannite and galena are dis-
tributed in pyrrhotite. Stannite is wrapped in pyrrhotite indicating that it was generated much earlier but galena is distributed in scattered form indi-
cating that it might have been generated at the same time with pyrrhotite sample number LW2-2 . There exist the energy spectral patterns of stan-
nite in the right. c. Native bismuth is only distributed in galena. Chalcopyrite is associated with argentite sample number [LW2-2 . There are the en-
ergy spectral patterns of argentite on the right. d. Native bismuth is only distributed in galena. Galena is wrapped in sphalerite and is replaced by
sphalerite minerals with the formation sequence being native bismuth—>galena—sphalerite sample number 1LW2-2 . There are the energy spectral
patterns of native bismuth on the right. e. Silver and bismuth-bearing pyrite is distributed in pyrrhotite and pyrrhotite replaces pyrite implying
that the generation sequence of the three minerals was along with the decrease of S and the increase of Bi-Ag sample number LW1-1 . There exist
the energy spectral patterns of silver and bismuth-bearing pyrite on the right. f. Cobalt-nickel-sulfide arsenic - bismuth minerals Bi2 sam-
ple number LW1-7 . There exist the energy spectral patterns of cobalt-nickel-sulfide arsenic -bismuth minerals Bi2 on the right. g. Gersdorf-
fite is wrapped in garnet sample number [.W4452-6 . There exist the energy spectral patterns of gersdorffite on the right. h. Nickel-bearing
cobaltite is wrapped in garnet sample number LWI1-8 . There exist the energy spectral patterns of nickel-bearing cobaltite mine on the right. i. Sul-

fur-copper-iron-bismuth mineral is wrapped in chalcopyrite implying that sulfides of bismuth might have been generated at the same time or earlier
than chalcopyrite sample number LW2-11 . There exist the energy spectral patterns ol copper-iron-bismuth mineral Bi3 on the right
2

Table 2 The analysis result of energy spectrum patterns of garnet and pyroxene

1 1LW4452-09-6-1 Aly 3Cas ;Mg 0sFeg. 74Mng. 551306012
2 LW4452-09-6-2 Al 2Ca;z.18Fey 7sMny 551302012

3 LW4452-09-6-3 Al 31Caz.12Fep 78Mny 0351305012

4 LW4452-09-6-4 Aly.36Cas.27Fe;. 19Mny 035i3.11012

5 1.W4452-09-6-5 Al 31 Cay. 18Fey. 7sMny_ 0552, 96012

6 .W4452-09-6-6 Aly.68Cas.33Fe; 3sMny, 03512, 96012

7 1L.W4452-09-6-7 Al 53Ca3.g9F ey 47Mnyg. 08 Tio. 05513, 00012
8 LW4452-09-6-8 Aly. 36Ca3. 38Fe; 7450317012

9 L.W4452-09-6-9 Al 44Ca;. 14Feg. soMng. 06 Tio. 06513, 03012
10 L.W4452-09-6-10 Aly. 50Cas.27Fe;. 41Mng. 05T, 115i3.09012
11 LW4452-09-6-11 Aly.34Caz. 14F e 60Mnyg. 06 Tig. 06513012
12 LW4452-09-6-12 Aly. 72Ca3.24Fer 35Mny 0651314012

13 LW4452-09-6-13 Al 53Ca3.21Fer 2sMny 05Si3. 12012

14 LW4452-8-6 Aly 39Cas 3Fe; 70Mny 035i3.15012

15 LW4452-8-7 Aly41Ca;. 17Feg. 6sMng, 05Si301,

16 LW4452-8-8 Aly.41Cag 3Fe; 74Mnyg 05Siz. 17012

17 LW4452-8-9 Aly.96Ca3. 17Fe; 61 Mny_05Si3. 1701

18 L.W4452-8-10 Aly.99Ca3. 3Fe; 2Mny, 03513, 14012
19 LW4452-8-11 Al 35Ca3, 15F ey 6sMnyg. o6 Tio. 06512, 97012
20 LLW4452-8-12 Aly. 78Caz.33Fe;. 73Mng. 351317012
21 LW4452-8-13 Aly.37Cas. 5 ey 6sMng. 06 Tio. 0651297012
22 LW4452-8-1 Cay.4Fey. 61 Mgy, 33Mnyg, o5 Sij. 9704
23 LW4452-8-2 Alg.01Cay_4Feg. 62Mgo. 32Mng, 08Si1. 9705
24 LW4452-8-3 Cay.o4Fey. 2Mgp. 41Mng. 09Si; . 9706
25 LW4452-8-4 Cay.4Fep. 2Mgp. 32Mny. 085i1.9706

1~13 6a 14~21 5S¢ 22~25 6b

12 O Si 3
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3 18 47 51 54 23 29 36 Bi
2
CuFeS, Cu
Tc
0.1~3 mm 60% *
7a 7b 7c 7d Tg 3 40 AgBi
71 8e
71 CusFeS, FeS, — Fei .S — Ag-
3e Bi Ag Bi Fe ¢ & 3 15
S Ag Bi
0.5~3 mm
Fe Zn S 8i 3 49 52
71 7j
w FeO 8f 3 30
8.36% ~10.45% Fe Zn <15 Ag
3 4 7 11 32 35 38 AgBi
55 AgBi Bi Ag Bi
1~5 mm
0.01 mm
7a 3 39 AgS 7d
PbS 3 41
30%
7Ta 0.1 mm
7a 7b 7Tc >177C LW-2-2
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7f <30% 8b
<177C 3 44
1978 3 60 Re, Os WO, Co-
3 41 Ni 8a
w Ag 48.17% 3 59
w Fe w Cu 13.09% 12.51%
w Ag 80.02% w Fe w Cu 7i
1.85% 1.13% Fe Cu Ag 2010a
Fe Cu 7]
177C
5
Co-Ni Co-Ni
5.1
Co-Ni
Bi
Co Ni Fe AsS
Co Ni 3
20 25 26 8a Co-Ni
Re-Os Co-Ni
Re Os W
Co Ni AsS
8g
3 12
Ni Co AsS
56%
31 5.2
SnO, 2002 2003 2005
_ < 2005
0.1 mm 2003
42 Ca-Al-Fe
0.5~1 mm 1990
3h

Cup,SnFeS,
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1.8 5.4
16 b 1340
14 4335
12 43.30 4 _
Al 1.0 4325
08 43.20 Ca
06 1315 800C
04 {510 1978 : :
02 | CAAAL et Ca 13.05 - - 330 ~
0 1I2I3I5I4I6I7I8I9I10lllI12I13I}J}">%;00 4000C B
260~ 320C 2004
9 Al Ca ; ] 177C
2
Fig. 9 Atoms curve of Al and Ca in garnet rings 160 ~ 250°C 2004
The numbers in the figure are the same with the numbers
of energy spectrum patterns analysis results in table 2
2004
LW4452-09-6 33
13 6a
0.36~0.86 1.23~1.53
, 4
9
w Cu 1.02%~1.03% 1
_ 25 18
2 Di50-25 Hes0-73 w Cu  0.936% ~ 11.448%
o 2.99% 4
w Zn  3.43%—10.45% 1
>b 15 14
30% ~40% Se w Zn 1.283% ~24.632%
0% ~70% 10.65% 4 6
5d 100 % Se . I
1.616% —24.235% 7.66% 4
8
1
w Sn 0.103% ~0.231% 0.14% 4
5.3 3
- - - - + 1 w B 0.05%
- + ~0.958% 0.25% 9
+ — + - 4
- 0.16% 2004

2003
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4
Table 4 Sample table of useful metal elements who meet the minimum industrial grade in Lawu orefield
wp % wp 107°
Cu Pb Zn Sn Bi Co In
1 LW4452-2 0.231 24.2
2 LW4452-4 5.645 141 69.2
3 1.W4452-5 0.936 20.610 0.502 227 79.4
4 L.W4452-6 9.469 0.112 163 80
5 LW4452-7  0.404 6.733 0.087 105
6 LW4452-8 1.736 0.120 102
7 1.W4410-2 0.040
8 LW-1-1 9.753 284 106
9 LW-1-2 24.632 0.126 240 218
10 LW-1-3 6.534 2.221 0.304 243 72.2
11 LW-1-5 1.334 21.9
12 LW-1-6 7.271 218 9.1
13 LW-1-7 18.467 0.211 185 129
14 LW-1-8 1.109 7.126 181 105
15 LW-1-9 1.215 1.283 0.117 104 37.9
16 LW-2-1 3.006 1.616 16.100 0.137 225 113
17 LW-2-2 3.594 2.022 7.432 0.958 147 68.6
18 LW-2-4 0.300
19 LW-2-5 4.692 3.232 24.262 0.154 286 166
20 LW-2-6 3.438 10.589 4.874 0.049 22.1
21 LW-2-7 3.299 11.022 13.113 34.2
22 LW-2-8 1.310 11.7
23 LW-2-9 0.783 6.83
24 LW-2-10 0.649
25 LW-2-11 2.745 0.140 132 14.2
16 LW-2-12 0.873 24.235 0.162
27 LW-2-13 11.448 2.043 111
28 LW-2-27 3.302 15.8
29 LW-2-28 0.327
30 LW-2-29 0.313
31 LW-3-1 0.126 12.9
32 LW-3-2 6.43
33 LW-3-3 5.54
34 LW-3-4 0.106 7.42
35 LW-3-5 0.304 0.103 8.61
36 LW-3-6 5.28
37 LW-3-7 0.136 20.1
38 LW-5-1 0.839 8.7
Cu0.3% Pb0.7% Zn1% Sn0.1% Bi0.05% Col00x10 6 In5x ° Cu0.5% Pbl% Sn0.2% Zn
2% Bi0.1% Co300x107° In10x10° 2008 1987 2004
78 32
- w In  5.54x10°°
2010b ~218x10°° 58.52x10°% 4
3 14 4
w Co 10°x107°~ 2003 2006 2006
286 x10°° 198x10°°¢ 4

2007
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1997a 1997b In
OH ;
2003
2003
71
2010a
3
0.36~0.86 1.23~
Brinell 1975 1.53
13
2005 2006
2010a
7 — — —
w Ag 1 509 g t 1 - — —
91.7¢g t 15gt —
+ —>
5 3
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