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The alteration-mineralization zoning model for the Maoping lead-zinc deposit,
northeastern Yunnan Province: Evidence from alternation-lithofacies mapping
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Abstract: The Maoping Pb-Zn deposit, located in Zhaotong City of northeastern Yunnan Province, is a Pb-Zn
polymetallic deposit with superlarge-sized potential in Sichuan-Yunnan-Guizhou metallogenic area. The previous
studies of its mineralization was weak, and the mineralogical work was especially insufficient. The No. I ore
body group occurs in the interformational fault zone of dolomite within upper Devonian Zaige Formation, lying in
the west wing of Maomaochang inverted fold. In this paper, based on three-dimensional alternation-lithofacies

mapping and petrographic studies of No. I ore body group, the authors established a mineralization-alteration
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zoning model. The results indicate that the alternation zoning is silicified zone, carbonation + silicification +
argillation zone and carbonation zone from the center of ore bodies outwards. Correspondingly, the mineraliza-
tion zoning changes from massive high grade ore to massive pyrite shell, disseminated-vein-patchy low-grade ore
and starry pyrite shell. The mineral assemblage zoning can be divided into Sp+ Gn( + Cpy) + Py + Mrc + Apy +
Q+ Cal assemblage, Py + Gn+ Sp + Dol + Fe-Dol + Cal + Q + 11l assemblage, Py + Dol + Fe-Dol + Cal + Q + Sd
assemblage and Dol + Cal assemblage. The vertical zoning is not significant, whereas the horizontal zoning is
well developed, which is related to the effect of the concentration gradient of vertical physical changes of ore-
bearing hydrothermal solution and lithology. Mineralization-alternation can be divided into five stages, i.e., |,
I, M, IV and Vstage. Pyrite shell is the product of early fluid, and banded ore is the product of hydrothermal
superposition. The 784 meter level is the ore-forming fluid superimposed striker of [l stage. Ore-forming fluid
temperature of [[ stage is higher than that of [l stage. The alteration and mineralization zoning model is of
great indicating significance for the prospecting of mineral resourcesg and the understanding of the migration,
concentration and enrichment of ore-forming fluids.

Key words: alteration zoning model; mineralization zoning model; ore-forming fluid; three-dimensional alterna-

tion-lithofacies mapping; Maoping Pb-Zn deposit; northeastern Yunnan Province
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Fig. 1 Geological sketch map of the Maoping Pb-Zn deposit and typical section modified after Liu Hechang et al. 1999
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Q—Quaternary  Pym + g—Lower Permain limestone Maokou-Qixia Formation P;/—Lower Permain sand shale Liangshan Formation

C,w—Middle Carboniferous interbeded with limestone and dolostone  Weining Formation —~ C;b—Lower Carboniferous dolostone Baizuo Forma-
tion C,d—lLower Carboniferous limestone intercalated with shales shales intercalated with sandstone Datang Formation  Djzg*—Upper Devo-
nian dolostone upper segment of Zaige Formation  1—dolomite 2—Ilimestone 3—shale 4—stratigraphic boundary S5—inferred stratigraphic
boundary 6—inverted anticline 7—attitude of strata 8—main fault and its serial number 9—tunnel and its serial number 10—prospecting line

and its serial number 11—exposed ore body and its serial number 12—concealed ore body and its serial number
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Fig. 2 Sketch map showing mineralization zoning of No. T ore body group in the Maoping Pb-Zn deposit
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Py zone; 8 starry Gn-Py zone; 9—disseminated Py zone: 10—starry Py zones 11——stratigraphic boundary; 12—{racture zone; 13— attitude of

strata: 14—sampling section: 15—main section in tunnels
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Table 1 Metallogenic periods and mineral-forming sequence in the Maoping Pb-Zn deposit
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Sp 16-9 784 m 967 20— Gn-Sp Apy 12-45 670 m 1027 4 — Py
Gn-Py-Q 16-40 784 m 98* k — Py  Sp-Gn-Py-Q 12-35 670 m 1027 I-1
—Dol 19-17 910 m l-2— 17-31-1 760 m m-1—VI Cal m-
2—Cal Sd m-3 —Cal Cakl m-4 — Sd 12-4 670 m n-1 —
1-12 846 m n-1 — 5-8-2 760 m
o —Sp  Org 7-3 760 m

a—from the center of ore bodies outwards the mineralization changes in order of massive sphalerite>massive galena from 1~2 cm thickness —mas-
sive pyrite ore belt 987 line at 784 m level ~ b-1—sphalerite veins of [l stage cut across or body of the second stage sample 16-13 along 967 line at
784 m level  b-2 transmitted light —sphalerite brownish yellow -dolomite veins of [ll stage cut across sphalerite brown -dolomite vein of the |l
stage sample 2-10-3 at 910 m level ~c—pyrite-galena-calcite veins of [l stage cut across calcite-pyrite-galena veins alteration halo exists at the edge
of vein bodies of 1 stage 967 line at 784 m level ~d—captive body of massive pyrite in massive sphalerite ore belt 784 m level ~ e-1—sphalerite-
galena-quartz veins in massive pyrite belt 967 line at 784 m level  e-2—sphalerite dark brown -quartz vein cut across massive pyrite-quartz belt

sample 5-12 at 760 m level ~ f—ore body and rock contact in fault 98% line at 760 m level — g—collapse breccia cemented by calcite and dolomite

94% line at 760 m level ~h—banded ore body-including massive pyrite band and massive sphalerite-galena band sample 12-35 in 1027 line at 670 m
level ~i—patchy sphalerite ore belt 987 line at 670 m level j-1 transmission light j-3 reflection light —quartz of the late stage contains spha-
lerite of the early stage sample 16-9 in 967 line at 784 m level j-2 reflection light —sphalerite-galena of the late stage contains arsenopyrite of the
carly stage sample 12-45 in 1027 line at 670 m level  j-4 reflection light —disseminated pyrite ore belt galena-pyrite-quartz veins cut across dolo-
stone sample 16-40 in 98¥ line at 784 m level  k reflection light —sphalerite-galena-pyrite-quartz veins cut across massive pyrite sample 12-35 in
1027 line at 670 m level -1 transmission light —dolomite-ankerite zoning and argillation sample 19-17 at 910 m level  1-2—dolostone breccia in
argillation sample 17-31-1 at 760 m level =~ m-1—wide calcite vein of VI stage m-2—siderite veins in calcite veins m-3—comb calcite crystal in wide
calcite veins m-4—oolitic siderite sample 12-4 at 670 m level n-1 transmission light —multi-stage carbonate veins cut across each other mineral
particles in sedimentary dolostone are fine but are coarse in veins sample 1-12 at 846 m level n-2  transmission light —altered dolostone sample5-8-

2 at 760 m level o reflection light —organic matter residue in sphalerite  sample 7-3 at 760 m level
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Fig. 4 Mineralization zoning map of No. | ore body group in the Maoping Pb-Zn deposit
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a—horizontal zoning map of 670 m level: b—vertical zoning map of 98 lines 1> 2+ 3> 5, 6, 7, 8 —the same meaning as Fig. 3:

4—massive galena zone: 9—strong quartz alteration zone: 10—carbonation + quartz + clay alteration zone: 11—carbonate alteration zone:
12—fault: 13—exploration line; 14—tunnel and drill hole
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Fig. 5 Mineralization-alteration zoning pattern of No. I ore body group in the Maoping Pb-Zn deposit
a 1— 2— 3— 4—Dol  Cal b 1— Pb-Zn
2— Pb-Zn 3—Py 1 4— Pb-Zn 5— Pb- Zn
6—DPy 2 c 1—Sp+Gn +Cpy +Py+ Mrct+ Apy+ Q-+ Cal 2—Py+ Gn+ Sp+ Doll + Dol2 +

Fe-Dol+ Cal+ Q+ 11l 3—Py+ Doll + Dol2 + Fe-Dol + Cal + Q+ Sd 4—Dol + Cal 5—Dol  Cal
a alteration zoning pattern 1—silicified zone 2—argillation zone 3—carbonation zone 4—relative content boundary of calcite and dolomite b
mineralization zoning pattern 1—massive high grade ore 2—banded-type high grade ore 3—massive pyrite shell 1 4—disseminated-vein low-
grade ore 5—patchy low-grade ore 6—starry pyrite shell 2 ¢ mineral assemblage zoning pattern 1—Sp+Gn + Cpy +Py+ Mrc+ Apy+ Q+
Cal zone 2—Py+ Gn+ Sp+ Doll + Dol2 + Fe-Dol + Cal + Q+ Ill zone 3—Py+ Doll + Dol2 + Fe-Dol + Cal + Q+ Sd zone 4—Dol+ Cal zone

S5—relative content boundary of calcite and dolomite

4.1 Dol2 Fe-Dol
— 0.025~0.08 mm  3i-1 LMg-Cal
- 5a Sp Gn Py
1 Q Q
- 11l Dol 3i-
0.036 mm 3j-1 3;-3 1 3f 3i-2
Q Sp Gn Q
2 Doll + Dol2  + Fe-
Dol + LMg-Cal +11+Q
Dol > Cal Doll 3 Cal HMg-Cal +

0.055 mm 3n-2 [LMg-Cal+ Mn-Cal + Dol + Fe-Dol + FMn-Dol +



732

31

sd Cal Dol HMg-Cal

[LMg-Cal

Mn-Cal -
Dol Fe-Dol
Dol
1~2mm Dol Fe-Dol
0.25 mm Sd
3m-2 LMg-Cal Dol
3m-3 Cal Dol

Sd
0.00025 mm 0.01 mm
Sd

3m-4

4.2
Pb-Zn

Pb-Zn Py
4b
1 Zn Sp + Gn
+ Py + Mrc + Apy Cpy Zn Pb Fe
10% ~38.8% 0.83% ~23.7% 2.28% ~
34.5% 3a
3h 3;-1 -2 53

Gn Sp
Py 3e-1 Zn
Pb 3a Sp

760 m

Sp Py I
Py Gn
Cpy Py Mrc
- 210 100 0.05

Mrc
Apy

0.009 4 mm Sp
3j-2
2 Py 1 Py+ Mrc+ Gn+ Sp
Cpy Py
Gn Sp Cal Q 3e-1 e2
Py Mrc
210 100
0.011~0.08 mm Py Mrc
85% Gn Sp
Gn Sp Zn
Gn Sp Sp
Cpy - Py
0.01 mm
3 Pb-Zn Py + Gn +
Sp Zn Pb Fe 1.29% ~10%
0.17% —0.82% 2.28% —8.36%
3i
Py -
- 0.02~0.16 mm 100 210
70 % 0.02 mm
100 210 30% Gn
Sp
4 Py 2 Py
3~4%
Py -
0.002 5~0.14 mm
1 100
210 Il
0.002 5 mm
4.3
Sc

1 Sp+Gn +Cpy +Py+ Mrct+ Apy+ Q+ Cal

Py 1

2 Py+Gn+ Sp+ Doll + Dol2 + Fe-Dol + Cal +
Q+ 111 + +



- 733

3 Py+Doll +Dol2 + Fe-Dol + Cal + Q + Sd Fe Pb Zn
Py Gn Dol Fe- 2001
Dol Cal HMg- LMg- Mn-Cal “ Gn
+ + Py 2 Sp”
Py
4 Dol+ Cal Gn-Py-Cal
Dol  Cal Sp-Q Py Py
Py
Py
5 Py
Pb-Zn Py
5.1 Py
Py
Py
I
L 1rm 52
Ko-
rzhinskii 1970
Dol pH
3i-1 3n-2
5a Einaudi ez
Pb-Zn I I al. 1981 Meinert 1987 1992 1997 1
Sp Py Gn
Dol - -
Pb-Zn 1 -
Mg Cal - -
Dol
Dol
Fyfe -
1987 Dewers and Ortoleva 1989 Ca®* Mg*"
Sp-Gn Cal v
Py 1 Sp-Gn Py 2 Cal
Py v
1 670 m
Py 2 Py 210 100
210 100
Py Pb-Zn - 1937



734

31

100
210
1987

670 m
760 m

784 m
3b-1 784 m

784 m

FeZ+

670 m

Sp

I 784 m

Py
3k
784 m
Sp -

Sp
670 m

1992

10~50 m

—>

Pb-Zn

Pb-Zn

—>

Py

Sp+ Gn+ Py+ Mrc+ Pyr

Sp-Gn-Q

+Cpy +Q+Cal
+Cal+Q+ 1l
Sd Dol + Cal
2 1
Py

Py + Gn + Sp + Dol + Fe-Dol
Py + Dol + Fe-Dol + Cal + Q +

Imwv s

784 m I

Py
210
210

100
100
Fe? '

References

Chen Guangyuan and Sun Daisheng. 1987. Genetic Mineralogy and

Prospecting Mineralogy [ M ]. Chongqing: Chongqing Publishing
House, 1~874(in Chinese with English abstract).

Chen Shijie. 1984. Research on the genesis of lead-zinc ore-deposits in west-
ern Guizhou and northeastern Yunnan[J]. Geology of Guizhou, 8(3):
1~12(in Chinese with English abstract).

Dewers T and Ortoleva P. 1989. Mechano-chemical coupling in stressed rocks
[J1. Geochimica et Cosmochimica Acta, 53(8): 1243~1 258.
Einaudi M T, Meinert L D and Newberry R J. 1981. Skarn deposits

[I]. Econ. Geol. ("th Anniversary Volume), 317~391.

Fyfe W S. 1987. Tectonics, fluids and ore deposits: Mobilization and
remobilization[]]. Ore Geology Reviews, 2(1~3): 21~36.

Han RS, Zou HJ, Hu B, et al/. 2007. Features of fluid inclusion and
sources of ore-forming fluid in the Maoping carbonate-hosted Zn-Pb-
(Ag-Ge) deposit[]J]. Acta Petrologica Sinica, 23(9): 2 109~2 118.

Han Runsheng, Chen Jin, Li Yuan, et al. 2001. Discovery of concealed
No.8 orebody Qilingchang lead-zinc deposit in Huize mine, Yun-
nan[]J]. Geology-Geochemistry, 29 (3): 191 ~ 195 (in Chinese



— - 735

with English abstract).

Hu Bin, Han Runsheng, Ma Deyun, ez al. 2003. REE geochemical fea-
tures of NE- trend fault tectonites and their ore-finding significance
in the Maoping Pb-Zn deposit, Yunan, China as exemplified by the
distribution area of No. 1 orebody[]J]. Geology-Geochemistry, 31
(4): 22~28(in Chinese with English abstract).

Korzhinskii D S. 1970. Theory of Metasomatic Zoning[ M]. Oxford,
Clarendon Press.

Li Shengrong, Chen Guangyuan, Shao Wei, et al. 1994. A study of the
application of zoning structure of quartz in mineralogical mapping
[J]. Acta Mineralogica Sinica, 14(4): 398~ 383(in Chinese with
English abstract) .

Liu Hechang and Lin Wenda. 1999. Regularity Research of Ag-Zn-Pb
Ore Deposits in Northeastern Yunnan Province[ M]. Kunming:
Yunnan University Press, 129~131(in Chinese).

Liu Xing. 1992. Mineralogical mapping as a means of revealing zonation
of gold vein No. 52 in deposits as example Linglong gold mine[]].
Acta Mineralogica Sinica, 2(3): 228 ~234(in Chinese with Eng-
lish abstract).

Meinert L. D. 1987. Skarn zonation and fluid evolution in the Groundhog
mine, central Mining District, New Mexico[]J]. Econ. Geol., 82
(3): 523~545.

Meinert L D. 1992. Skarns and skarn deposits[]J]. Geoscience Canada,
19(4): 145~162.

Meinert L D. 1997. Application of skarn deposit zonation models to min-
eral exploration[]J]. Explor. Mining Geol., 6(2): 185~208.

Shen Qihan. 2009. The reconmendation of a systematic list of mineral
abbreviations[]J]. Acta Petrologica et Mineralogica, 28(5): 495~
500(in Chinese with English abstract).

Zhang Changqing, Mao Jingwen, Wu Suoping, et al. 2005. Distribu-
tion, characteristics and genesis of Mississippi Valley-Type lead-
zinc deposits in Sichuan-Yunnan-Guizhou area[]]. Mineral De-
posits, 24(3): 336~348(in Chinese with English abstract).

Zhang Ronghua and Hu Shumin. 1992. Chemical Kinetics of Minerals in
Hydrothermal and Mass Transfer[ M]. Beijing: Science Press(in
Chinese) .

Zhang Ronghua and Hu Shumin. 2001. The evolution of deep earth flu-
ids and ore genesis[]]. Earth Science Frontiers, 8(4): 297~310
(in Chinese with English abstract).

Zheng Qing’ao. 1997. The practice and understanding of convective cir-
culation mineralization and hot water karst massive lead- zinc ore-
body Kuangshanchang and Qiling lead- zinc deposit in Huize mine,
Yunnan[]J]. Southwest Geology, 11(1~2): 8 ~16(in Chinese).

Zhou Chaoxian. 1998. The source of mineralizing metals, geochemical
characterization of ore- forming solution, and metallogenetic mech-
anism of Qilinchang Zn-Pb deposit, northeastern Yunnan province,

China[]]. Bulletin of Mineralogy, Petrology and Geochemistry,

17(1): 34~36(in Chinese with English abstract) .

Zhou Gaoming and Li Benlu. 2005. Geological characteristics and origi-
nal discussion on genesis of the lead- zinc deposit of Maoping in
Yunnan province [ J]. West- China Exploration Engineering, 16
(3): 75~77(in Chinese).

Zou Haijun, Han Runsheng, Hu Bin, ez a/. 2004. New evidences of
origon of metallogenic materials in the Maoping Pb- Zn ore deposit,
Zhaotong, Yunnan: R- factor analysis results of trace elements in
NE- extending fractural tectontes[]J]. Geology and Prospecting,
40(5): 43~48(in Chinese with English abstract).

, . 1987. [M].
,1~874.

. 1984. [J1. ,
8(3): 1~12.

, , .. 2001.

Ul . 29(3): 191~195.
, , .. 2003. 1
[J1

S 31(4): 22~28.

, , , . 1994,
1. , 14(4): 398~383.

. 1992. [J1. ,
12(3): 228~234.

, . 1999, [M].

, 1~135.

. 2009. [J]. ,
28(5): 495~500.

, , , . 2005. MVT

[J1. , 24(3): 336~348.

, . 1992, [(M].

, . 2001. [J1.

, 8(4): 297~310.

. 1997.

[J1 ,

11(1~2): 8~16.

. 1998.

[J]. , 17(1): 34~36.
, . 2005. 1.
, 16(3): 75~77.
, , , . 2004.
: NE R [J1.

, 40(5): 43~48.





