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Diagenetic and metallogenic epoch and ore-forming dynamic setting of
Machangqing copper-polymetallic deposit, Yunnan Province
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Abstract

The Machangging copper-polymetallic deposit in Yunnan Province is a well-known typical ore deposit relat-
ed to alkaline porphyry of the Himalayan epoch. Intimately relevant to the polymetallic mineralization of copper,
molybdenum and gold, the Machangqing complex alkaline-rich rock body has experienced several magmatic ac-
tivities: the earliest one began at 54 ~56 Ma, the middle one occurred at 45~49 Ma, the late one (the most vi-
olent one) at 29~37 Ma, and the last one at 23~25 Ma. Re-Os dating of molybdenite from the copper-molyb-
denumr-type ore in the Machangqing deposit vields precise Re-Os model age of (35.3 +0.7)Ma. “Ar-* Ar
dating of hydrothermal muscovite from the skarn-type copper-molybdenum ore in the Luandongshan ore segment

and alteration-type gold ore in the Rentouging ore segment yields plateau age of (35.25+0.36) Ma, isochron
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and reverse isochron ages of (35.0+1.8) Ma and (34.8+1.9) Ma for the first type ore, and(35.35+0.32)
Ma, (34.44+0.99) Ma and (34.4+1.2) Ma for the second type ore, respectively. These data suggest that

the mineralization of copper, molybdenum and gold deposit occurred in the same diagenetic-metallogenic geologi-

cal event, and the ore-forming process was closely related to late magmatic activity, under the global dynamic

background of the late collision-slip stage after collisional orogeny between Indian and Eurasian continents, thus

overall belonging to the first summit of mineralization in Sanjiang region of southwestern China, i.e., the ore-

forming peak of copper-molybdenum porphyry(65~35 Ma).

Key words: geochemistry, diagenetic and metallogenic epoch, alkaline-rich porphyry, tectonic environ-

ment, Machangqging, Yunnan
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Fig. 1 Simplified geological map of the Machangqing ore district modified after No. 301 Geological Party
Southwest Metallurgic Exploration Co. Ltd.

12—Fault

1981
1—Quaternary 2—Permian basalt ' 3—Limestone of Qingshan Formation 4—Dolomitic limestone dolomite of Kanglang Formation 5—Black
shale intercalated with siltstone of 3'¢ member of Xiangyang Formation with grayish quartz sandstone at the bottom 6—Arkosic sandstone con-
Lamprophyre

glomerate intercalated with limestone lens 7—Porphyritic granite 8—Syenite porphyry 9—Monzonitic porphyry
13—Sampling locations of 07BB50 and 07BB51

10—Granitic porphyry
14—Sampling location of B119

11—
15—Sampling location of B118
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Fig. 2 Photos of porphyritic copper-molybdenum ores
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Fig. 3 Photos of alteration-type gold ores
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Table 1 Re-Os isotope data of molybdenite from the Machangqing Cu-Mo deposit. Yunnan Province

w(Re)/ng/g ¢ (& 0s)/ng/g w(¥Re)/ng/g w(¥0s)/ng/g R FER/ Ma
5 m/g
Wl AHER WeEE FHEE WEE AHER WEE AHEE WEd TAHEE
071212-19 0.03104 26229 232 3.499 0.026 16486 146 9.893 0.077 36.0 0.5
071220-3  0.05276 25998 492 0.0413 0.0063 16341 309 9.492 0.089 34.9 0.8
071220-4  0.04995 103532 1829 0.6245 0.0165 65076 1149 37.95 0.36 35.0 0.8

E @ W E R ORR, 417 R, BER. @ BEIERRAAS BB A S T AR X TIA Xoseries ICP-MS #ATHl B2
. @ RTIREN 20, Re-Os B BN AH 2L BIFFBAREANRERZ FBRFRERE RSN EN S BRERE HoTER
FRENEREZ. MAFRPIAHERCCEEREFE RN AHERLA. 2% BEFKF 95%.
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Table 2 **Ar ¥Ar fast-neutron dating results of muscovite B119 from skarn-type Cu-Mo-Au ore in Luandongshan
ore section of Machangqing
0C  YAr PAr . A FAr YA PAr, PAr YA OAr % FPAr x10 Mmol ¥Ar % ¢t Ma 26 Ma
700 904. 4482 2.9333 0.3942 0.6061 4.17 0.08 0.1 565 49
800 245.6897 0.7897 0.1096 0.1761 5.02 0.23 0.38 205.2 9.4
900 118.8538 0.3779 0.0843 0.0904 6.05 0.88 1.43 122.4 2.3
1000 18.3865 0.0527 0.0276 0.0251 15.23 4.44 6.71 48.67 0.60
1070 3.4408 0.0045 0.0529 0.0143 61.23 8.47 16.81 36.74 0.39
1120 2.5396 0.0017 0.1196 0.0135 80.09 13.20 32.55 35.48 0.36
1170 2.3463 0.0011 0.0179 0.0134 85.96 17.30 53.16 35.18 0.36
1220 2.1373 0.0005 0.0093 0.0132 93.29 22.10 79.51 34.78 0.35
1280 2.1290 0.0003 0.0157 0.0131 95.89 14.39 96. 65 35.60 0.36
1400 2.3280 0.0005 0.0728 0.0132 94.01 2.81 100.00 38.15 0.52
m =48.85 mg J=0.009764
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Table 3

B118 “°Ar ¥Ar

Y“Ar ¥ Ar fast-neutron dating results of muscovite B118 from alteration-type Au-ore in Jinchangqing-

Rentouqing ore section of Machangqing

0 C OAr ¥Ar o, PAr PAr . YAr PAr ., BAr YAr PAr % PAr X10 “mol PAr % ¢ Ma +26 Ma
600 44.0464 0.1439 0.0000 0.0422 3.45 0.41 0.27 26.5 6.6
700 7.0443 0.0230 0.0063 0.0175 3.61 3.38 2.45 4.47  0.67
800 2.9887 0.0061 0.0010 0.0133 39.78 17.99 14.07 20.81 0.24
860 2.6083 0.0023 0.0028 0.0124 73.92 26.87 31.44 33.64  0.34
910 2.4255 0.0012 0.0010 0.0122 85.77 11.70 39.00 36.26  0.37
960 2.7997 0.0017 0.0051 0.0123 81.80 14.42 48.32 39.88  0.40
1000 2.5813 0.0019 0.0015 0.0123 78.26 18.05 59.98 35.23  0.35
1040 2.5681 0.0019 0.0000 0.0123 78.21 20.59 73.29 35.02  0.35
1080 2.6804 0.0023 0.0015 0.0124 74.87 17.62 84.67 35.00 0.35
1120 2.8514 0.0027 0.0047 0.0125 71.64 12.38 92.68 35.62  0.37
1180 3.3858 0.0045 0.0035 0.0128 60.68 7.87 97.76 35.82  0.46
1300 3.8273 0.0058 0.0000 0.0136 54.80 3.47 100. 00 36.56  0.75
m =48.35 mg J=0.009761
3 12 Re-Os 34.9 £
600—1 300C 1 000~1 300TC 0.8 Ma—~ 36.0x£0.5 Ma 35.3+
6 I Ar 52.7% 0.7 Ma
35.35+£0.32 Ma 26 VAP Ar 35.25£0.36 Ma 26
34.44+0.99 Ma 26 34.4 + 35.0£1.8 Ma 26
1.2 Ma 26 5 34.8£1.9 Ma 26
2004
4 Re-Os 33.9+1.1
Ma 2006 Re-Os
4.1 35.8+£1.6 Ma
4.2.2
4 40Ar_39AI_
6 35.35£0.32 Ma 26
34.44+0.99 Ma 26 34.4 +
6 4 1.2 Ma 26 5 2005
23.18~55.49 Ma 4 Ar-Ar 33.7£0.1 Ma
54 ~56 Ma 33.70+0.04 Ma
45~49 Ma 29
~37 Ma 23~25 Ma
4.3
1989 1997 2001
2003a 2005
4.2

4.2.1



isochron ages of muscovite B119 from skarn-type Cu-Mo-Au
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Table 4 Isotope ages of the Machangqing intrusive body
Ma

JCQ1 55.49+0.09 Ar-Ar 1 2001
JcQl 23.18+0.03 Ar-Ar 2 2001
JCQl 54.27+0.12 Ar-Ar 1 2001
JCQl 54.84+0.09 Ar-Ar 1 2001
jcQl 23.24+0.03 Ar-Ar 2 2001
jcQl 23.81+0.04 Ar-Ar 3 2001
49 K-Ar 2001
29.00 K-Ar 1987

34.00 Rb-Sr 1996
35.1+0.5 K-Ar 1997
36 Rb-Sr 1993
48 K-Ar 1994
46.5 K-Ar 1994
45.7 K-Ar 1994
35.6%+0.3 U-Th-Pb 2004
35.0£0.2 U-Th-Pb 2004
48 K-Ar 1997
MCQ-1 31.36+0.49 K-Ar 2005
MCQ-2 29.88+0.32 K-Ar 2005
MCQ-4 35.5+0.40 K-Ar 2005
MCQ-8 36.5+0.46 K-Ar 2005
MCQ-22 31.99+0.35 K-Ar 2005
MCQ-25 30.02+0.38 K-Ar 2005
MCQ-37 33.54+0.38 K-Ar 2005
MCQ-39 33.65+0.41 K-Ar 2005
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Camus et al. 2001 34.841.9 Ma VAP Ar
35.35+0.32 Ma 34.44 £0.99
48~32 Ma 1998 Ma 34.4+1.2 Ma

1998



54

2011

3
Cu-Au
65~35 Ma
40~26 Ma Cu-
Mo Au 35+£5 Ma
References

Bi XW HuRZ Peng ] T WuK X SuY Cand Zhan X Z. 2005. The Geo-
chemistry characteristics of The Yao an and Machangging alkaline-rich
intrusions J . Acta Petrologica Sinica 21 1 113-124 in Chinese with
English abstract .

BiXW HuRZ YeZ] and Shao S X. 1999. Study on the relationship be-
tween A-type granitoid and copper mineralization— take Machangjing
copper deposit as an example ] . Science in China Series D 29 6
489-495 in Chinese .

Camus F and Dilles ] H. 2001. A special issue devoted to porphyry copper de-
posits of northern Chile—preface J . Econ. Geol. 96 233-238.

Chen W Zhang Y Jing G S and Zhang Y Q. 2006. Evidence of Ar-Ar ther-
mal chronology on episodic lift in late Cenozoic southeastern rim of Qing-
hai-Tibet high plateau ] . Acta Petrologica Sinica 22 4 867-872 in
Chinese with English abstract .

Chen Y C Pei R F and Song T R. 1998. Preliminary discussion on metallo-
genic series of deposit in China M . Beijing Geol. Pub. House. 104 in
Chinese with English abstract .

Chen Y C Pei R F and Wang D H. 2006. Third discussion on metallogenic
series of deposit J . Acta Geologica Sinica’ 80 10 1501-1508 in Chi-
nese with English abstract .

Cheng Y Q Chen Y C Zhao Y M and Song T R. 1983. Further discussion
on metallogenic series of deposit ] . Bulletin of the Chinese Academy of
Geological Sciences 6 1-63' in’Chinese with English abstract .

DuAD HeHL YinWN ZouXY Sun Y L SunDZ Chen SZ and Qu W
J. 1994. The study on the analytical methods of Re-Os age for molyb-
denites J . Acta Geologica Sinica 68 339-346 in Chinese with English
abstract .

DuAD ZhaoDM Wang SX SnuD Z and Liu D Y. 2001. Precise Re-Os
dating for molybdenite by ID-NTIMS with carius tube sample prepara-
tion ] . Rock and Mineral Analysis 20 4 247-252 in Chinese with
English abstract .

DuAD WuSQand Sun D Z. 2004. Preparation andcertification of Re-Os
dating reference materials Molybdenite HLP and JDC ] . Geostandard
and Geoanalytical Research 28 1 41-52.

FuD M. 1996. Metallogeny series and regulations of nonferrous rare pre-
cious metal deposits in intra-continental orogeny in southwestern margin
of Yangtz plateform A . In Lu Y N ed. Monograph of ore and geology
for intra-continental orogeny in southwestern margin of Yangtz plateform

C . Chengdu Sichuan Science & Technology Press. 120-128 in Chi-

nese with English abstract .

GeLS ZouY L LiZH Guo XD Xing J Band Zhang X H. 2002. Geolog-
ical features and genesis of Machangqging Cu-Mo-Au deposit related to the
rich-alkali magmatic rock Yunnan Province ] . Geology and Explo-
ration 38 5 11-17 in Chinese with English abstract .

Ge LS Wang W C LiHG Liang X S Xiang Y S and Guo X D. 2005. Al-
kaline-rich rockbody and gold mineralization in northwestern Yunnan
Province M . Beijing Seismic Press. 1-190 in Chinese .

HeM Q Yang SY and Chen CY. 2004a. Geological geochemistry and gene-
sis of Xiaolongtan-Machangqing Cu-Au polymetallic ore deposit in West-
ern Yunnan M . Beijing Geol. Pub. House in Chinese .

HeMQ Yang SY LiuJ J and Li CY. 2004b. Characteristics of ore-form-
ing fluids and their origin in Jinchanqing gold copper ore deposits in Xi-
angyun Yunnan ] . Mineral and Rock 24 2 35-40 in Chinese with
English abstract .

HouZ Q QuX M Wang S X GaoY F Du A D and Huang W. 2003a. Re-
Os ages of molybdenite in the Gangdese porphyry copper belt in south Ti-
bet Duration of mineralization and application of the dynamic setting ] .
Science in China Series D' 33 509-618 in Chinese .

HouZQ LvQ T Wang AJ Li X B Wang Z Q and Wang E Q. 2003b.
Continental collision and related metallogeny A case study of mineraliza-
tion in Tibetan Orogen ] . Mineral Deposits 22 4 319-333 in Chi-
nese with English abstract .

HouZ Q Ma HW Zaw K et al. 2003¢c. The Himalayan Yulong por-phyry
copper belt Product of large-scale strike slip faulting in eastern Tibet J .
Econ. Geol. 98 125-145.

HouZ Q Mo XX YangZ M Wang AJ Pan G T Qu X M and Nie F J.
2006a. Metallogeneses in the collisional orogen of the Qinghai-Tibet
Plateau Tectonic setting tempo-spatial distribution and ore deposit types

J . Geology in China 33 2 340-351 in Chinese with English ab-
stract .

HouZ Q Pan G T Wang A ] Mo X X Tian SH Sui X M Ding L and
Wang E Q. 2006b. Metallogenesis in Tibetan collisional orogenic
belt [l . Mineralization in late collisional transformation setting J .
Mineral Deposits 25 5  521-543 in Chinese with English ab-
stract .

Hou Z Q Pan X F Yang Z M and Qu X M. 2007. Preliminary study on
continental porphyry copper deposit ] . Modern Geology 21 2
332-348 in Chinese with English abstract .

Hu R Z Bi X W Shao S X Turnery G and Burnard P G. 1997a. Study
on helium isotope composition of copper deposit in Machangjing
Yunnan China J . Chinese Science Bulletin 42 14 1542-1545

in Chinese .

Hu R Z Bi XW Turner G and Burnard P G. 1997b. He-Ar isotope sys-
tem of inclusions in pyrite Machangqing copper deposit ] . Science
in China Series D 27 6 503-508 in Chinese .

Hu X Z and Huang Z. 1997. The petrology and petrogensis of the
Yangtze platform Western margin’s alkali-rich granite porphyty J .
Geotectonica et Metallogenia 21 2 173-180 in Chinese with Eng-
lish abstract .

Liang H Y. 2002. New advances in the research on diagenetic mineral-
ization of porphyry copper deposits in east south margin of Qinghai-
Xizang plateau ] . Mineral Deposits 21 4 365 in Chinese with
English abstract .

Liang HY Xie Y W and Zhang Y Q. 2004. Formation and evolution of



30 1

55

alkaline-rich rockbody and its constrain on the copper mineralization
—take Machangjing copper deposit as an example ] . Natural Sci-
ence Progress 4 1 116-120 in Chinese with English abstract .

LiuXF Liu] D Zhang CJ YangZX WuD Cand Li Y G. 2004. Iso-
topic geochemistry of rock mass and ore-vein from alkali-rich por-
phyry type deposits in Western Yunnan China J . Bulletin of Min-
eralogy Petrology and Geochemistry 23 1 32-39 in Chinese with
English abstract .

LuoJ L and Li Z W. 2001. The new advance in the study on Himalayan
magmatism and metallogenesis in Central-Western Yunnan ] . Yunnan
Geology 20 3 229-242 in Chinese with English abstract .

LuwoJ L Yao YH ZhaoZ et al. 1994. Mineralization of main metallic
deposits and the evolution of Tethys M . Beijing Geol. Pub.
House in Chinese .

Luo YN YuR L and Hou L W. 1998. Longmenshan-]Jinpingshan in-
tracontinental orogenic belt M . Chengdu Sichuan Sci. and Tech.
Pub. House. 1-171 in Chinese .

Lv B X Wang Z Zhang N D et al. 1993. Granitoids in Sanjiang Region
and their metallogenic specialization M . Beijing Geol. Pub.
House in Chinese .

Ma HW. 1989. Study on geochronology of magmatic intrusion in Yue-
long porphyry copper deposit belt Tibet ] . Geochemica 3 210-
216 in Chinese with English abstract .

Ma H W. 1994. Granitoids and mineralization of the Yulong porphyry
copper belt in eastern Tibet M . Beijing China University of Geo-
sciences Press. 1-158 in Chinese .

Peng ] T Bi X W HuR Z WuK X and Sang H Q. 2005. Determina-
tion of ore- and rock- forming time of the Machangqing porphyry Cu

Mo deposit western Yunnan Province J . Acta Mineralogica Sini-
ca 25 1 69-74 in Chinese with English abstract .

Peng] T HuRZ BiXW Dai TM LiZL Li XM Shuang Y Yuan S
D and Liu SR. 2007. “*Ar ¥ Ar isotopic dating of tin mineraliza-
tion in Furong deposit of Hunan Province and its geological signifi-
cance J . Mineral Deposits 26 3 237-248 in Chinese with Eng-
lish abstract .

Qu W J and Du A D. 2003. Highly precise Re-Os dating of molybdenite
by ICP-MS with Carius tube sample digestion J . Rock and Mine-
ral Analysis 22 4 254-257 in Chinese with English abstract .

Wang DH Yang] M XueCJ Yan SH Chen Y Cand XuJ. 2001.
Himalaya gold mineralization based on Isotope chronology in San-
jlang-Daduhe region southwestern China M . Beijing Seismic
Press. 84-87 in Chinese .

Wang DH QuW J LiZW Ying H L and Chen Y C. 2004. Concen-
trate metallogeny epoch of porphyry copper molybdenum at
Honghe Yunnan Province Re-Os isotopic chronology ] . Science in
China Series D 34 4 345-349 in Chinese .

Wang DH Ying HL Liang HY Huang Z L. and Luo Y N. 2006.
Cenozoic continental geodynamics and large scale mineralization in
the Sanjiang Nujiang Lancangjiang and Jinshajiang Region China

M . Beijing Geol. Pub. House. 1-208 in Chinese .

Wang ] H Yin A and Harrison T M. 2001. A tectonic model for Ceno-
zoic igneous activities in the eastern Indo-Asian collison zone J .
Earth Planet. Sci. Lett. 199 123-133.

Wang ZH Guo XD Yu W Q Zhou Y L Xu T and Zhang Y. 2010a.

Geological features and mineralization rules of the Machangging Cu-

Mo-Au multiple-metallic deposit Yunnan Province ] . Geology and
Exploration 46 2 1-10 in Chinese with English abstract .

Wang ZH Guo X D Chen X Ge L S and Zou Y L. 2010b. Geochem-
istry characteristics of Machangqing alkaline-rich rockbody and its
forming tectonics Yunnan J . Geological Review 56 1 125-135

in Chinese with English abstract .

Yang ] M Xue CJ and Xu J. 2001. Geologic characteristics of alkaline-
rich porphyry rockbody and its mineralization in Himalaya Epoch
northwestern Yunnan Province A . In Chen Y C. Study on en-
dogenesis in Himalaya Epoch C . Beijing Geol. Pub. House. 57-
68 in Chinese with English abstract .

Yang Z M and Hou Z Q. 2009. Porphyry Cu deposits in collisional oro-
gen setting A preliminary geneitic model J . Mineral Deposits 28

5 515-538 in Chinese with English abstract .
Yu C W. 2006. Fractal growth of mineral deposits at the edge of chaos
book 1 M . Hefei Anhui Education Press. 705p in Chinese .

Zeng PS Mo X X and Yu X H. 2002. Nd Sr and Pb isotopic character-
istics of the alkaline-rich porphyries in western Yunnan and its com-
pression strike slip setting J| . Acta Petrologica et Mineralogica 21

3 231-241 in Chinese with English abstract .

Zeng P S HouZ Q Gao Y F and Du A D. 2006. The Hinalayan Cu-Au
mineralization /in the Eastern Indo-Asian collision zong Constraints
from Re-Os dating of molybdenite J . Geological Review 52 1
72-84 in Chinese with English abstract .

Zhai Y S. 1999. Discussion on metallogenic system ] .

13-27 in Chinese with English abstract .

Zhang Y Q Xie Y W and Tu G C. 1987. Preliminary study of alkaline-rich
porphyry and its relationship with rift in Ailacshan-Jinsajiang J . Acta
Petrologica Sinica 1 17-25 in Chinese with English abstract .

Zhang Y Q and Xie Y W. 1997. Geochronology of alkalic intrusive rocks
in Ailaoshan-Jinshajiang region and its isotope characteristics of Nd
Sr J . Science in China Series D 27 4 289-293 in Chinese .

Zhang Y Q Xie Y W Liang HY Qiu HN Li X H and Zhong S L. 1998.
Petrogenesis series and the ore-bearing porphyries of the Yulong copper
ore belt in eastern Tibet ] . Geochim. 27 3 236-243 in Chinese
with English abstract .

ZhangZ B Liu F G and Bao J F. 2005. The Steuctural Evolution of

137-141 in Chinese

Earth Science

Frontiers 6 1

Ailaoshan Orogen ] . Yunnan Geology 24 2
with English abstract .

. 1999. A
e J . D 29 6 489-
495.
. 2005.
J. 21 01 113-124.
. 2006.
Ar-Ar J . 22 4 867-
872.
. 1998. M .
. 104.
. 1983.
J. 6 1-63.



2011

56
. 2006. J. . 1998. M .
80 10 1501-1508. . 1-171.
. 1993.
1994. - ] M .
68 339-346. . 1989. J.
. 2001. Garius 3 210-216.
- J. . 1994. M .
20 4 247-252. . 1-158.
. 1996. . 2005.
A . J. 25 1 69-74.
C. . 120-128.
. 2002. . 2007. YAr ¥Ar
J. 38 5 J. 26 3 237-248.
11-17. . 2003.
. 2005. - ] 22 4 254-257.
M . . 1-190. . 2001. -
. 2004a. - A .
M . . d M .
. 2004b. . 84-87.
J . 24 2 35-40. . 2004.
. 2003a. Re-Os J D
Re-Os 34 4 345-349.
J. D 33 609-618. . 2006.
. 2003b. - M . 1-
—_— ] 22 208.
4 319-333. . 2010a.
. 2006a. J.
46 2 1-10.
J. 33 2 340-351. . 2010b.
]
2006b. 1. I 56 1 125-135.
25 5 521-543. . 2001.
. 2007. J. A . .
21 2 332-348. C. . 57-68.
Turnery G Burnard P G.'1997a. . 2009. J .
J. 42 14 1542-1545. 28 5 515-538.
Turner G Burnard'P G. 1997b. . 2006. M .
He-Ar ] D 27 6 . 705.
503-508. . 2002. Nd Sr Pb
. 1997. J. 21 3 231-241.
J. 21 2 173-180. . 2006. -
. 2002. - - Re-Os J 52
J . 21 4 365. 1 72-84.
. 2004. . 1999. J. 61 13-27.
—_— J . 41 116-120. . 1987. -
. 2004. J. 1 17-25.
J. . 1997. - Nd Sr
23 1 32-39. I D 27 4 289-293.
. 1994. . 1998.
M . J. 27 3 236-243.
. 2001. . 2005. J .
J. 20 3 229-242. 24 2 137-141.





