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Abstract The Yinachang Fe-Cu-REE ore deposit is hosted in the Paleoproterozoic Yinachang Formation of the Lower Kunyang
Group in the Kangdian iron-copper metallogenic province SW China. The main minerals in the Yinachang ore bodies consist of
chalcopyrite magnetite quartz and calcite. As the host rocks of the deposit had experienced intensively alternation and
metamorphism the age and origin of the Yinachang deposit are still a matter of hot debate. U-Pb ages of detrital zircons from the
volcanic tuff and breccia in the Yinachang Formation have been used to identify the provenance and evaluate the age of the Yinachang
Formation of the Lower Kunyang Group. Most analyzed zircon grains show oscillatory zoning and have high Th/U ratios ( > 0. 4)
suggesting that they were mainly derived from igneous rocks. A total amounts of about 200 detrital zircons exhibit Ub age populations
at 1.75~1.88Ga 1.90 ~2.00Ga 2.02 ~2.20Ga and 2. 30 ~2.40Ga with the oldest *’Ph/**Pb age of ~3.0Ga and the youngest
age of ca. 1750Ma. The dating results provide a maximum deposition age of ca. 1.7Ga for the Yinachang Formation and suggest the
possible existence of older basement. Rhenium-osmium dating for six chalcopyrite samples from the Yinachang Fe-Cu-REE deposit was
conducted to constrain the timing of sulfide mineralization. Direct Re-Os dating for chalcopyrite of ore minerals yields an isochron age of
1690 £99Ma ( MSWD =9.0) and a weighted mean of 1685 +37Ma ( MSWD =3.0) respectively indicating the main oreforming age
of about 1. 7Ga. In addition the major ore types exhibit significantly positive Eu anomaly and LREE enrichment similar to those of
modern submarine hydrothermal fluids. The above dating results reveal that the oredforming age of the deposit is nearly
contemporaneous with the deposition timing of the Yinachang Formation and the characteristics of fluid deduced from REE indicate that
the ore formation was related to submarine hydrothermal fluids activity. It is therefore suggested that the Yinachang Fe-Cu-REE deposit
is a volcanic exhalation-hydrothermal sedimentary deposit. Several recent studies showed the occurrence of relatively widespread
magmatism at ca. 1. 7Ga and large numbers of synchronous Fe-Cu deposits suggesting that the magmatism is probably the crucial
factor for the formation of deposits in this region. Furthermore the Fe-Cu deposits in the Kangdian region may be related to the break—
up of the Columbia supercontinent at about 1. 7Ga.

Key words Fe-Cu-REE ore deposit; Zircon U-Pb dating; Chalcopyrite Re-Os dating; REE geochemistry; Yinachang;, Yunnan
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Fig. 1 Simplified tectonic map showing the study area in relation to South China’s major tectonic units (a after Li et al. 1999
2002) and distribution of the Kunyang Group Dahongshan Group Hekou Group Huili Group and or its equivalents and Fe-Cu
deposits in the Kangdian region (b after Wu et al.  1990)
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Fig.3 Simplified geological map of the Yinachang deposit in Wuding County Yunnan Province ( after Wu ez al.  1990)
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Fig. 4  Photographs and photomicrographs of the representative
tuff (a c¢) and breccias (b d) from the Yinachang deposit
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Fig.7 Plot of UPh concordant curve *Ph/**Pb age frequency and Th/U=""Pb/**Ph age diagram of the detrital zircons from tuff

and breccia of the Yinachang deposit



st AE % EHA LM Fe-CuREE 7 R 6945 5 UPh o h 405 Re-Os A3 L4 Z BRI W FE L 1179
2 Re-Os
Table 2 Re-Os isotope compositions for chalcopyrite from the Yinachang deposit
187 Re . 87 0 o Re I 0s L L
( x1079) ( x107?) (x107?) ( x107?) ( Ma)
YNC1006 562.306  16.269  16.881  0.314  898.253  25.989  0.023 0. 006 1732 23
10YNC40 161. 659 2. 145 4. 455 0. 061 258.242 3.426 0.017 0. 001 1638 22
YNC1010 4.615 0. 108 0.118 0.003 7.373 0.172 0. 003 0. 000 1719 20
10YNC32 12.859  0.300 0. 366 0.004  20.541  0.480 0. 004 0. 000 1690 20
10YNC41 246. 010 30. 390 6. 836 0.079 392. 988 48. 547 0. 005 0. 001 1651 19
YNCI1112 4. 388 0. 149 0.073 0. 005 7.010 0.239 0. 002 0. 000 1687 19
5 5.2 Re-Os
5.1 U-Pb Fe-Cu-REE 6 Re-Os
LAJICPMS U-=rb 2, Re (7.01 x107° ~
1. 6 CL . 898.25 x1077) 0s(0.002 x 10 ~° ~
7 U-bh 27phs o 0.023x1077) 7 0s ( Os  97% ).
206 py, Th/U2Ph /2 Ph . ¥ Re /"™ 0s (> 11000) . Os
( DFH1101) 2000 Os
84 95% o
207 pl, /2% pl, 1746 +22Ma 27 ph2epy  Re="0s ""Re/"™ 0s=" 0s/"™ Os ( Stein
2694 + 16Ma. 3 2500Ma et al. 2000) ISOPLOT ( Ludwig 2001)
1.75 ~ 1. 85Ga- ¥ Re-* 0s 1690 + 99Ma( MSWD =
1.90 ~2.00Ga  2.20 ~2.35Ga. 9.0)( 8a) 1685 +37Ma( MSWD =3.0)
27 /2% Phy 1796 + 15Ma( n 8b) «
=16 MSWD =1.5) 2262 +12Ma( n =34 MSWD =3.5)
1800Ma.  1960Ma 2270Ma 5.3
( b, CL .
( 6) Th/U 0.1 3 9,
0.4~1.0 ( 7¢)s YNC1004
( DFH1102) 2500 116 x 10~° 665 x 107° ~ 2460 x 107°
93 (La/Yb) ((11.1 ~74.1) .(La/Sm) (3.1 ~8.5) .( Gd/Yb)
95% . *TPh/*Ph 1767 +27Ma (1.8~5.0) (LREE/HREE) (6.9 ~26.6)
*7PhL /> Ph 2989 + 19Ma. 7 .
2500Ma 1.75
~1.88Ga1.90 ~2.00Ga.2.02 ~2.20Ga  2.30 ~2.40Ga. (8Eu =1.95 ~ 4. 06) (8Ce =0.87 ~1.01)
*7Ph/* Ph ( 3+ 9a),
1796 +9Ma (n =19 MSWD =0.71) . ( 3 REE =581 x
1800Ma.  1950Ma. 2080Ma 2280Ma  107° ~ 10736 x 107°)
( 7€), CL ( 11000 x 10 ~° ((La/Yb) y =5.51
6) Th/U 0.2 0.4 ~31.9 LREE/HREE =4.3 ~13.5)
~1.0 ( 7M. ((La/Sm) = (1.7 ~4.1) .( Gd/
U-b Yb) y =(2.0~4.5)) (8Eu =
1750 ~ 2300 Ma 1750Ma 0.99 ~1. 49) (8Ce =0.93 ~1.29) (3.
CL Th/U 9b) .
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Fig.8  Isochrone age diagram ( a) and weighted average of model age ( b) of Re-Os isotope for chalcopyrite of the

Yinachang deposit

( S REE =207 ( )

x107° ~270 x10~°) 1780Ma U-Pb 1742 =+

(La/Yb) y(14.1 ~23.9) .(La/Sm) (4.8 13Ma( Zhao et al. 2010)
~7.1) (LREE/HREE) (11.2 ~16.9) U-Pb 1690 +32Ma( Zhao e al.  2010)

o ( 6Eu 1.7Ga o
=2.31 ~2.50) (8Ce=1.1)( 3. 9¢). U-Pb 1711 + 4Ma(
2012) U-Pb 1.7Ga
( 2008; Greentree and Li 2008; Zhao and Zhou

6 2011) 1.7Ga
6.1 o U-Pb 1695

1954 +20Ma( 2009)

. 1710 +8Ma U-Pb ( 2011)
( ) .
( 1990) . ( ) .
. . ( ~1800Ma- ~ 1950Ma. ~2080Ma
1993) . 1995 ~2280Ma 2.5Ga
( Zhang et al. 2006; Greentree
and Li 2008; Zhao et al. 2010) .
LAICP-MS U-Pb

( DFH1101) 1746 + o
22Ma U(120 x 10°°) . Th \ ( )
(68.7x10°°) Th/U( 0. 57) o

( DFH1102) 27 Ph/*% Ph 1767 = °
27Ma  U(91 x10°°) \Th( 62 x10°°) Th/U
(0. 68) . 6.2 Fe-Cu-REE
2 Ph /™ Ph 1750Ma -

1750Ma o



1182

o

(

) (Li et al. 2002; Zhao and Zhou
2011)
(2004a) Fe-Cu-REE
O Ar Ar 784.25 +0.95Ma
783.93 +8. 59Ma. (2005)
Sm-Nd 1539
+40Ma 1617 £ 100Ma,
. Rb-Sr
845 +2Ma( 1994) .
Pb-Pb 888Ma( 2006)
Re-Os 928 ~ 1005Ma( 2003)
1086 +8Ma( Chen and Zhou 2012) .
(2002)
“Ar" Ar 1470Ma 810 ~
770Ma. Qiu et al. (2002)
O Ar’ Ar
780 ~ 700Ma o
1470Ma -
o (2004b)
O Ar Ar
768. 43 £0. 58Ma 770 +5Ma o
Fe-Cu
800Ma
“Ar"Ar  Rb-Sr .
O Ar Ar 350°C ( Jenkin et
al.  2001) Rb-Sr Rb
Rb-Sr ( 2011)
o Re-Os
(Stein et al. 1998) . 6
Re-Os 1690 +£99Ma
1685 +37Ma
( 2 o
1690Ma 784Ma
OAr- Ar o
1. 7Ga
Fe-Cu-REE

B LF/ 2013 29(4)

Acta Petrologica Sinica

6.3
( .
)
( Michard and Albarede 1986;
Michard 1989; Klinkhammer et al. 1994; Craddock et al.
2010)
( Klinkhammer et al. 1994) .
( 9d).
( Graf
1977; Lottermoser 1989 1992) .
( Yang et al.
2004) ( 9a
c)
o Graf( 1977)
Re-Os
1.7Ga
1.7Ga
(
) Fe-Cu-REE
( 1996
2008) .
o Fe-Cu—
REE 10CG 10CG
( Zhao 2010; Zhao and Zhou 2011; Chen and Zhou
2012) .

10CG



IS EHRTEM) Fe-Cu-REE 7 K #9445 & U-Pb Ao 5404 Re-Os FR 5 £ U F IR F AW &S 1183

10° 10°
(a) —+—10¥NC-31 —%— 10YNC-41 (b) ——YNC1006 ——YNC1012
o —&—DFH1111 —%—DFH1112 R —=—YNC1007 ——YNC1013
10°f BRRTH e wwc1o0s ——vncroos 1000 o T NO1I08 —s—1¥ho 30
@ B s R > ——YNC1010 ——10YNC-32
% 10° % 10°t
% #
H# 10°F # 10°}
10'f 10'}
10° e 10°
La Ce Pr Nd SmEu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd SmEu Gd Tb Dy Ho Er TmYb Lu
10° 10"
(c) —e—YNC1001 (d)
sl 3 —+—YNC1001 10%
E a5 E 40
2 107} = 107+
= &
=1 a2
= 107} @ 107
S e
10°f 107
100 " " 1 " 1 L L 1 L i L n " n L 10-5 " i L L " L L " L N L L N L L
La Ce Pr Nd SmEu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd SmEu Gd Tb Dy Ho Er TmYb Lu
9 (a) . (b) (¢
d Craddock et al. 2010 Elderfield and Greaves 1982;

Boynton 1984
Fig.9  Chondrite-normalized REE patterns for disseminated ores (a) banded ores ( b) and garnet biotite schist ( ¢) of the
Yinachang deposit

REE patterns for submarine hydrothermal fluids after Craddock et al. 2010 REE pattern for seawater after Elderfield and Greaves 1982; chondrite—

normalizing values after Boynton 1984

o 10CG
7
(1)
1.7Ga - LAJCP-MS U-Pb 1750Ma
1.7Ga Columbia .
( Rogers and Santosh 2002; (2) Fe-Cu-REE Re-Os
Zhao et al.  2002) o 1690 + 99Ma 1.7Ga
Columbia ( Zhao and Zhou (3)
2011; Wang et al. 2012; Yu et al. 2012) .
1. 7Ga N

- Fe-Cu - o



1184

209

U-Pb : Re-Os

References

Boynton WV. 1984. Geochemistry of the rare-earth elements: Meteorite
studies. In: Henderson P ( ed.). Rare FEarth Element
Geochemistry. Elsevier 63 —114

Chang XY Zhu BQ Sun DZ Qiu HN and Zou R. 1997. Isotope
geochemistry study of Dongchuan copper deposits in middle Yunnan
Province SW China: 1. Stratigraphic chronology and application of
geochemical exploration by lead isotopes. Geochimica 26(2): 32 -
38( in Chinese with English abstract)

Chen HS. 1994. Isotopic Geochemistry. Hangzhou: Zhejiang University
Press 28 —39 (in Chinese)

Chen TY. 1993. The stratigraphic sequence review of Kunyang Group in
Dongchuan region and recommends for future work. Yunnan
Geology 12(1) : 126 — 129 ( in Chinese)

Chen W Wan YS Li HQ Zhang ZQ Dai TM Shi ZE and Sun JB.
2011. Isotope geochemistry: Technique and application. Acta
Geologica Sinica 85( 11): 1917 — 1947 (in Chinese with English
abstract)

Chen WT and Zhou MF. 2012. Paragenesis
molybdenite Re-Os isotope age of the Lala iron-copper deposit
Southwest China. Economic Geology 107(3): 459 -480

Craddock PR Bach W Seewald JS Rouxel OJ Reeves E and Tivey
MK. 2010. Rare earth element abundances in hydrothermal fluids

from the Manus Basin Papua New Guinea: Indicators of sub-seafloor

stable isotopes and

hydrothermal ~processes in back-arc basins.  Geochimica et
Cosmochimica Acta 74( 19) : 5494 -5513

Dai HG. 1997. On the strata structure and prospecting target area of
Kunyang Group and Huili Group in Kangdian region. Yunnan
Geology 16( 1) : 1 -39 (in Chinese with English abstract)

Elderfield H and Greaves MJ. 1982. The rare earth elements in seawater.
Nature 296(5854) : 214 -219

Gong L. He YT and Chen TY. 1996. Proterozoic Dongchuan-type Rift Cu
Deposit in Yunnan. Beijing: Metallurgical Industry Publication 1 —
226 ( in Chinese)

Graf JL. 1977. Rare earth elements as hydrothermal tracers during the
formation of massive sulfide deposits in volcanic rocks. Economic
Geology 72(4): 527 -548

Greentree MR Li ZX Li XH and Wu HC. 2006. Late Mesoproterozoic
to earliest Neoproterozoic basin record of the Sibao orogenesis in
western South China and relationship to the assembly of Rodinia.
Precambrian Research 151(1-2): 79 —100

Greentree MR. 2007. Tectonostratigraphic analysis of the Proterozoic
Kangdian iron oxide-copper Province South-west China. Ph. D.
Dissertation. Australia: University of Western Australia 1 —284

Greentree MR and Li ZX. 2008. The oldest known rocks in south-western
China: SHRIMP U-Pb magmatic crystallization age and detrital
provenance analysis of the Paleoproterozoic Dahongshan Group.
Journal of Asian Earth Sciences 33(5 -6) : 289 -302

Guan JL. Zheng LL. Liu JH Sun ZM and Cheng WH. 2011. Zircons
SHRIMP U-Pb dating of dolerite from Hekou Sichuan Province
China and its geological significance. Acta Geologica Sinica 85
(4): 482 -490 ( in Chinese with English abstract)

He DF. 2009. Petrological and geochemical characteristics of the Lala
copper deposit in Sichuan Province. Ph. D. Dissertation. Guiyang:
Institute of Geochemistry CAS. 1 — 84 (in Chinese with English

B LF/ 2013 29(4)

Acta Petrologica Sinica

summary)

Hu AQ Zhu BQ Mao CX Zhu NJ and Huang RS. 1991.
Geochronology of the Dahongshan Group.
Geochemistry 10(3) : 195 -203

Hu ZC Liu YS Chen L et al. 2011. Contrasting matrix induced
elemental fractionation in NIST SRM and rock glasses during laser

Chinese Journal of

ablation ICP-MS analysis at high spatial resolution. Journal of
Analytical Atomic Spectrometry 26(2) : 425 —430

Jenkin GRT Ellam RM Rogers G and Stuart FM. 2001. An
investigation of closure temperature of the biotite Rb-Sr system: The
importance of cation exchange. Geochimica et Cosmochimica Acta
65(7): 1141 - 1160

Klinkhammer GP Elderfield H Edmond JM and Mitra A. 1994.
Geochemical implications of rare earth element patterns in
hydrothermal fluids from mid-ocean ridges. Geochimica et
Cosmochimica Acta 58(23): 5105 -5113

Li XJ Wu MD and Duan JS. 1984. The stratigraphic sequence of the
Kunyang Group and it’ s top and bottom boundaries. Geological
Review 30(5): 399 —408 ( in Chinese with English abstract)

Li ZQ Wang JZ LiuJJ] LiCY DuAD Liu YP and Ye L. 2003. Re-
Os dating of molybdenite from Lala Fe-Oxide-Cu-Au-Mo-REE

China:
Contributions to Geology and Mineral Resources Research 18( 1) :
39 —42 ( in Chinese with English abstract)

Li ZX Li XH Kinny PD and Wang J. 1999. The breakup of Rodinia:
Did it start with a mantle plume beneath South China? Earth and
Planetary Science Letters 173(3): 171 - 181

Li ZX Li XH Zhou HW and Kinny PD. 2002. Grenvillian continental
collision in South China: New SHRIMP U-Pb zircon results and
implications for the configuration of Rodinia. Geology 30(2): 163
- 166

Lottermoser BG. 1989. Rare earth element study of exhalites within the

deposit  Southwest Implications  for ore genesis.

Willyama Supergroup Broken Hill Block Australia. Mineralium
Deposita 24(2): 92 -99

Lottermoser BG. 1992. Rare earth elements and hydrothermal ore
formation processes. Ore Geology Reviews 7(1): 25 -41

Liu YS Hu ZC Zong KQ et al. 2010a. Reappraisement and refinement
of zircon U-Pb isotope and trace element analyses by LACP-MS.
Chinese Science Bulletin  55( 15) : 1535 - 1546

Liu YS Gao S Hu ZC et al. 2010b. Continental and oceanic crust
recycling-induced melt-peridotite interactions in the Trans-North
China Orogen: U-Pb dating Hf isotopes and trace elements in
zircons from mantle xenoliths. Journal of Petrology 51( 1 -2): 537
-571

Lii SK and Dai HG. 2001. A review of the set-up of Kunyang Group’ s
sequence and the discovery of important ore-bearing horizons in
Kangdian area. Yunnan Geology 20(1): 1 -24 (in Chinese with
English abstract)

Ludwig K. 2001. Isoplot/Ex Version 3.0: A geochronological tool kit
for Microsoft Excel. Berkeley:
Special Publication 43

Michard A and Albarede F. 1986. The REE content of some hydrothermal
fluids. Chemical Geology 55(1-2): 51 -60

Michard A. 1989. Rare earth element systematics in hydrothermal fluids.
Geochimica et Cosmochimica Acta 53(3): 745 -750

Qi L Zhou MF Wang CY and Sun M. 2007. Evaluation of a technique
for determining Re and PGEs in geological samples by ICP-MS

Berkeley Geochronology Center

coupled with a modified Carius tube digestion. Geochemical Journal
41(6) : 407 -414

Qi L Zhou MF Gao JF and Zhao Z. 2010. An improved Carius tube
technique for determination of low concentrations of Re and Os in
pyrites. Journal of Analytical Atomic Spectrometry 25(4): 585
-589

Qiu HN  Zhu BQ and Sun DZ. 2002. Age significance interpreted from
Ar® Ar dating of quartz samples from the Dongchuan Copper
Deposits ~ Yunnan ~ SW China by crushing and heating.
Geochemical Journal 36(5): 475 -491

Qiu HN  Wijbrans JR Li XH Zhu BQ Zhu CL and Zeng BC. 2002.



IS EHRTEM) Fe-Cu-REE 7 K #9445 & U-Pb Ao 5404 Re-Os FR 5 £ U F IR F AW &S 1185

New “Ar Ar evidence for oredorming process during Jinning—

Chengjiang Period in Dongchuan type copper deposits Yunan.

Mineral Deposits 21 (2): 129 - 136 ( in Chinese with English
abstract)

Ran CY. 1989. Formation Mechanism of Stratabound Copper Deposit in
Kangdian Axis. Beijing: Geological Publishing House 1 —45 ( in
Chinese with English abstract)

Rogers JJW and Santosh M. 2002.
Mesoproterozoic supercontinent. Gondwana Research 5(1): 5 -22

Stein H] Sundblad K Markey RJ Morgan JW and Motuza G. 1998.

KuittilaKivisuo

Lithuania: Testing

Configuration of Columbia a

Re-Os ages for Archean molybdenite and pyrite
Finland and Proterozoic molybdenite Kabeliai
the chronometer in a metamorphic and metasomatic setting.
Mineralium Deposita 33(4) : 329 -345

Stein H]  Morgan JW and Schersten A. 2000. Re-Os dating of Low-evel
highly radiogenic ( LLHR)

southwest Sweden

sulfides: The Harnas gold deposit

records continental-scale tectonic events.
Economic Geology 95(8): 1657 —1671

Sun Y Shu XL and Xiao YF. 2006. Isotopic geochemistry of the Lala
copper deposit

Sichuan Province China and its metallogenetic

significance. Geochimica 35(5): 553 - 559 ( in Chinese with
English abstract)

Sun ZM  Yin FG Guan JL Liu JH Liu JM Geng QR and Wang LQ.
2009. SHRIMP U-Pb dating and it” s stratigraphic significance of tuff
zircons from Heishan Formation of Kunyang Group Dongchuan area
Yunnan Province China. Geological Bulletin of China 28(7) : 896
—-900 (in Chinese with English abstract)

Wang L] Yu JH Griffin WL and O’ Reilly SY. 2012. Early crustal
evolution in the western Yangtze Block: Evidence from UPb and Lu-
HIf isotopes on detrital zircons from sedimentary rocks. Precambrian
Research 222 -223: 368 -385

Wu KW. 2008. A study on geochemistry and ore-forming mechanism of
the Dahongshan stratiform copper deposit in Yunnan Province.
Master Degree Thesis. Guiyang: Institute of Geochemistry CAS 1
—95 (in Chinese with English summary)

Wu MD  Duan JS Song XL Chen LZ and Shan XP. 1990. Geology of
Kunyang Group in Yunnan Province. Kunming: Scientific Press of
Yunnan Province 1 —223 (in Chinese)

Xue BG. 1999. A discussion about the stratigraphic sequence of Kunyang
Group according to the Fe ore horizon of Tiejiashan in Dongchuan.
Yunnan Geology 18 (4): 469 — 475 (in Chinese with English
abstract)

Yang H Liu FL. Du LL Liu PH and Wang F. 2012. Zircon UPb
dating for metavolcanites in the Laochanghe Formation of the

and it’ s

2294 -

Dahongshan Group in southwestern Yangtze Block
geological significance. Acta Petrologica Sinica 28(9):
3014 ( in Chinese with English abstract)

Yang YM. 2004. Study on geochemistry of Fe-Cu-REE deposit in
Kunyang Group in Mid-Proterozoic-exampled by the Yinachang Fe—
Cu-REE deposit. Ph. D. Dissertation.
Geochemistry CAS 1 -86 (in Chinese with English summary)

Yang YM Tu GZ and Hu RZ. 2004.
geochemistry of Yinachang Fe-Cu-REE deposit  Yunnan Province
China. Chinese Journal of Geochemistry 23(3): 265 -274

Yang YM Tu GZ and Hu RZ. 2004. REE geochemistry of Yinachang
Fe-Cu-REE deposit in Yunnan Province. Acta Mineralogica Sinica
24(3): 301 -308 ( in Chinese with English abstract)

Yang YM Tu GZ Hu RZ and Shi XF. 2005. Sm-Nd isotopic
geochronology of the Yinachang Fe-Cu-REE deposit at Wuding
Yunnan Province and its geologic significance. Chinese Science
Bulletin  50( 18) : 2090 -2096

Ye L Liu YP Li CY and Liu JJ. 2004a. Ar-Ar isotopic age of
Yinachang copper deposit Wuding Yunnan Province China and
its implications. Acta Mineralogica Sinica 24(4): 411 —414 (in
Chinese)

Ye L Liu YP Li CY and Liu JJ. 2004b. The Ar-Ar isotopic age in
Dongchuan Taoyuan type copper deposit Yunnan Province and its

57 -60

Guiyang: Institute of

REE and trace element

significance. Journal of Mineralogy and Petrology 24(2) :

(in Chinese)

Yin FG  Sun ZM and Bai JK. 2011. Stratigraphic framework of the
mesoproterozoic in Dongchuan and central Yunnan region. Journal of
Stratigraphy 35( 1) : 49 —=54 ( in Chinese with English abstract)

Yu JH O’Reilly SY Zhou MF  Griffin WL and Wang LJ. 2012. U-Pb
geochronology and Hf-Nd isotopic geochemistry of the Badu
Complex southeastern China: Implications for the Precambrian
crustal evolution and paleogeography of the Cathaysia Block.
Precambrian Research 222 -223: 424 -449

Zhang CH Gao LZ Wu ZJ Shi XY Yan QR and Li DJ. 2007.
SHRIMP U-Pb zircon age of tuff from the Kunyang Group in central
Yunnan: Evidence for Grenvillian orogeny in south China. Chinese
Science Bulletin 52( 11) : 1517 - 1525

Zhang SB Zheng YF Wu YB Zhao ZF Gao S and Wu FY. 2006.
Zircon U-Pb age and Hf isotope evidence for 3. 8Ga crustal remnant
and episodic reworking of Archean crust in South China. Earth and
Planetary Science Letters 252(1-2): 56 =71

Zhang YB Wang H Xu CY and Wei QR. 1996. Discovery and
significance of the carbonatite of Kunyang Group in the central of
Yunnan. Geological Science and Technology Information 15( 3):
14 — 18 (in Chinese with English abstract)

Zhang YB Bi H Yu LS Sun SH Qiu JX Xu CY and Wang RJ.
2008.
carbonatite magma and eruption in the middle of Kunyang rift
central Yunnan. Progress in Natural Science 18(7): 778 —788 ( in
Chinese)

Zhao GC  Cawood PA  Wilde SA and Sun M. 2002. Review of global
2.1 ~1. 8Ga orogens: Implications for a pre-Rodinia supercontinent.
Earth-Science Reviews 59: 125 —162

Zhao XF. 2010. Paleoproterozoic crustal evolution and Fe-Cu metallogeny
of the western Yangtze Block SW China. Ph. D. Dissertation.
Hong Kong: University of Hong Kong 1 —-192

Zhao XF  Zhou MF Li JW et al. 2010. Late Paleoproterozoic to Early

SW  China:
Implications for tectonic evolution of the Yangtze Block. Precambrian
Research 182(1 -2): 57 -69

Zhao XF and Zhou MF. 2011. Fe-Cu deposits in the Kangdian region
SW  China: 10CG
metallogenic province. Mineralium Deposita 46(7) : 731 - 747

Zhao XF  Zhou MF  Hitzman MW et al. 2012. Late Paleoproterozoic to
Early Mesoproterozoic Tangdan sedimentary rock-hosted strata-hound

The evidence of ore-bearing dolomite replaces mantle

Mesoproterozoic  Dongchuan  Group in  Yunnan

A Proterozoic (' iron-exide-copper—gold )

copper deposit  Yunnan Province Southwest China. Economic
Geology 107(2): 357 =375

Zhao XK and Shan WG. 1993. The Yinanchang Formation belongs to and
the characteristic of structure and metamorphic. Yunnan Geology 12
(1): 60 -66 ( in Chinese)

Zhong SH. 1993. To distinguish the top of Kunyang Group in Dongchuan—
Yimen region from the geophysical achievements. Yunnan Geology

12(1) : 123 =125 (in Chinese)
. 1997.
L
26(2) : 32 -38
. 1994, . : 28
-39
. 1993.
12(1): 126 129
. 2011.
85(11): 1917
- 1947
. 1997. .
16(1): 1-39



1186

. 1996.
1-226
. 2011.
SHRIMP U-Pb
85(4): 482 -490
. 2009.
1-84
. 1984.
30(5) : 399 -408
. 2003.
- - - - Re-Os
18(1): 39-42
. 2001. ( )
20(1): 1-24
Wijbrans JR . 2002.
0 Ar- Ar : -
21(2): 129 -136
. 1989.
1-45
. 2006.
35(5): 553 -559
. 2009.
SHRIMP U-Pb
28(7) : 896 -900
. 2008.
1-95
. 1990.
1-223
. 1999.

18(4) : 469 —475

Acta Petrologica Sinica 2 &54% 2013 29(4)

. 2012.
U-Pb
28(9) : 2994 -3014
. 2004. Fe-Cu-REE -
1-86
. 2004,
24(3): 301 -308
. 2005. Fe-Cu-REE
Sm-Nd . 50( 12):
1253 - 1258
. 2004a.
OArF Ar . 24(4): 411 -414
. 2004b. Ar-Ar
24(2): 57 -60
. 2011. .
35(1): 49 -54
. 2007.
SHRIMP U-Ph
52(7): 818 —824
. 1996.
15(3): 14-18
. 2008.
18(7) : 778 -788
. 1993, -
12(1) : 60 -66
. 1993, -

12(1): 123 - 125



