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Abstract

The Devonian Kelan volcanic-sedimentary basin, extending along the south margin of the Altay Mountains, hosts many Pb-Zn-
Cu and Au deposits in the Kangbutiebao Formation (D; %) that consists of acid volcanic rocks and volcaniclastic and carbonic sedimen-
tary rocks. During Carboniferous and Permian, the Devonian VMS deposits experienced deformation and metamorphism so that sul-
fide quartz veins paralleling with or cutting schist occur widely. Of these deposits, the Tiemurte Pb-Zn-(Cu) deposit is the largest
one. Carbonic(CO,-CH,-N, )fluid inclusions in late sulfide-quartz veins represent a very different younger event not related to VMS
ores. Some I@OZ—LH2() inclusions associated with carbonic inclusions have # ) 243.1~412.1C . The Dadonggou deposit, another
typical VMS deposit in the Kelan basin, also occurs in the Kangbutiebao Formation and has the same mineral assemblages as the
Tiemurte deposit. Fluid inclusions in the vein quartz of stage II are also dominated by secondary carbonic inclusions and CO;-rich in-
clusions. CO,-rich inclusions (LCOZ—LHZO) occasionally associated with carbonic inclusions have 216~430°C of 7}y The estimated
trapping pressures of carbonic inclusions are in the range of 180~300 MPa, which correspond to a depth of 6.7~11.1 km according
to lithostatic pressures. This depth was impossible for VMS deposits. SRXRF analysis shows that Au is not detected in carbonic fluid
inclusions of the Tiemurte VMS deposit but is high in the orogenic Sarekoubu deposit. It is considered that the Sarekoubu deposit had
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higher Au content than the Tiemurte deposit in volcanic sedimentation in Early Devonian so that the Sarekoubu deposit had original

gold enrichment. In Carboniferous gold deposits related to carbonic fluids were formed during orogeny, whereas no economic gold

mineralization was superimposed at the Tiemurte deposit except for carbonic fluid overprints.

Key words: geochemistry, lead-zinc (copper) deposit, deformation and metamorphism, carbonic fluids, SRXRF, Altay
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Fig.1 Geological sketch map of ore deposits in the Kelan Devonian volcanic basin southern margin of Altay
modified from No. 4 Geological Party of Xinjiang and Yin et al. 2005

D,a?—Middle Devonian Upper Altay Formation D,a'—Middle Devonian Lower Altay Formation D;k,—Lower Devonian Upper Kangbutiebao
Formation D;k—Lower Devonian Lower Kangbutiebao Formation S, 3 k/—Middle-Upper Silurian Kulumuti Group Pt;» km—Proterozoic

Kemuqi Group 1—FEarly Paleozoic schist 2—Migmatite 3—Migmatitic granite 4—Hercynan ganitoids 5—Yanshanian granite 6—Lead-zinc

deposit ore spot  7—Copper deposit ore spot  8—Gold deposit ore spot  9—Gold-copper deposit ore spot  10—Iron deposit ore spot

11—Regional fault 12—Geological boundary
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Fig. 2 Outcrops of deformed ores in Pb-Zn (Cw) deposits of the Kelan voleanic basin

A. Sphalerite-galena layer (Sp-Gn) cut and replaced by chalcopyrite (Cp)» No. 1 ore body; B. Sphalerite layer (Sp-Gn) and marble replaced in

chlorite and garnet{Chl-Gt) metamorphic phase; C. Chalcopyrite-quartz vein {Cp-@Q) cutting sphalerite layers {Sp-Gn’» No.1 ore body: D. Spha-

lerite layer (Sp-Gn) parallel to chlorite schist cut by chalcopyrite veins (Cp)» pyrite-quartz vein (Py-Q) occurring along chlorite schist; E. Pyrite

veinlets-quartz (Py-Q) occurring as lenses in sphalerite-bearing layer (Sp-Gn)» 1 180 m level of Dadonggous F. Banded pyrite-quartz veins( Py-Q)
oceurring in chlorite schist(ChD) and sphalerite-galena layer (Sp-Gn?»> 1 140 m level of Dadonggou
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Fig. 3 Microphotographs of deformed ores in Pb-Zn (Cu) deposits of the Kelan volcanic basin
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A. Chalcopyrite and pyrrhotite Cp Po replaced and cut by green biotite and clinoepidote TM202 No.27 ore body Tiemurte B. Banded and de-
formed sphalerite replaced by chlorite both showing plastic deformation No.27 ore body Tiemurte C. Garnet porphyroblast Gnt in banded Pb-Zn
ore occurring along NW-SE and containing sphalerite Sp  overgrowth of galena Gn filling the cross fissures in garnet TM-1 D. Same as photo
C reflect light E. Sphalerite Sp and chalcopyrite Cp replaced by biotite Bio filling in fissures of vein quartz Q TM206 F. In meta-calcic
siltstone containing galena and sphalerite veinlets overgrowth of galena Gn near disseminated pyrite grains Py  DD-16 1 180 m level of the
Dadonggou reflected light G. Galena veilets in fissures of quartz DD-16 1 180 m level of the Dadonggou H. Overgrowth of galena Gn -sphalerite
Sp along minimum stress in the NW-SE direction of disseminated pyrite within meta-calcic siltstone 1 180 m level of the Dadonggou DD-15

reflected light

thow  243.1~412.1T cO, Ulrich et al. 2002 Zaw
NW NWI15 km et al. 2003 VMS CO,
. Iberian Inverno et al. 2008  Eskay Creck
Sherlock et al. 1999 cO, VMS
Zaw et al. 2003
4 7 130  Barbarton CO, de Ronde
5 1997
Leo, tweo, —59.4~ —60.4C 1,0, Hou 2008 VMS CO,
“10.5~ +15.2C Lag oy, tneo, 834 Co, CO-H,0
~ —60.0C ¢, o —33.3 ~+16.9C VMS
2 Hou et al. 2001  Appel 2001 Isua
N, CH,
CH,
Loo, L0 hoal 2097 Inverno 2008 Iherian
430C 33 CO,
4 Hou et al. 2008 2003 1982
Moura 2005
4.1 VMS VMS
CO,-CH4-N, Van den
Kerkhof et al. 2001 O, TM303A TV
303B L-V
Roedder 1984 Vanden Kerkhof . .
410C 550C
et al. 2001 Deiens 2002 CH, -
N, Anderson et al.
1990 CO, O \
H,O Groves et al. 1998 Goldfarb et TM.7 LV
al. 2001 2003 Fan et al. 2003 Phillips et al. thow  170~327C H,0
2004 _
cO, CO,-CH, Schmidt et al. 1997 Graupner

et al. 2001 Wilde et al. 2001 Xu et al. 2005
2007 Chi et al. 2006
VMS - I total 354~512.1C



H
&
&i
b
(9]
&
=

LA, B/RBILZEM VMS B PR A2 22 -5 B R S AR AR 591

20 pm L ;"1‘.’ \ 20 pm

4 FRFRBRACR R R AR B BER PR R B A B 2B A

A VAR I R BUR A B R (C), KR DD2: B. B A BB BB B AR B Co 0 T B A A S U I B IR
R, KRV DD29: D. S8 Fr o RIS 42 iR 32 Bk BB B AR 2= 4, KZR DD34: E. WEET (Sp)-4 6 A (ChD-E = B (B
FLEERA QI NW-SE A )7 B0, T EH 7 6 (NE-SWOZ i IHRER BUA A BB AR (CO, BR RS TML, Bt F. WEH - E=

OB B T A R SR AR B, BORUREE TMA1: G BIRITEED 757 450 18] A S 30k 120 25 OB B A4 BL 28 4, 8k RJR'EF TM303B:

H. NE-SW 71 BUB BT (9 NW-SE [ BB B R a8 BT, SR /R4S TM205
Fig. 4 Carbonic fluid inclusions in vein quartz of the Tiemurte and the Dadonggou lead-zinc deposits, Altay

A. Carbonic fluid inclusions (C;) ecutting across boundaries of the quartz grainss Dadonggou DD-2: B. Carbonic fluid inclusions at the center of
photo 1: C. Carbonic fluid inclusions restricted within single quartz grains» Dadonggou DD29; D. Carbonic fluid inclusions occurring in metamor-
phic quartz vein within chlorite schist, Dadonggou DD34; E. Carbonic fluid inclusions (C;) distributed vertical to foliation structure (NW-SE) of
sphalerite ( Sp)-chlorite (ChD-biotite (Bi), Tiemurte TM-1; F. Carbonic fluid inclusions in quartz lens within sphalerite-biotite, Tiemurte TM-1;

G. Carbonic fluid inclusions occurring on the margin of quartz, Tiemurte TM303B: H. Two groups of carbonic fluid inclusions in quartz,

Tiemurte TM205
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Fig. 5 Microthermometry of carbonic fluid inclusions from the Tiemurte and the Dadonggou Pb-Zn Cu deposits Altay

A. Solid melting temperatures ¢, , of carbonic fluid inclusions in the Tiemurte deposit B. Homogenization temperatures ¢, , of carbonic fluid
inclusions in the Tiemurte deposit C. Solid melting temperatures ¢, o, of carbonic fluid inclusions in the Dadonggou deposit D. Homogenization
temperatures 7}, @, of carbonic fluid inclusions in the Dadonggou deposit E. Homogenization temperatures of LmziLHZO inclusions associated with
carbonic inclusions in the Tiemurte deposit F. Homogenization temperatures of L(UZ—LHZ() inclusions associated with carbonic inclusions in

the Dadonggou deposit
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Table 1 SRXRF analyses of carbonic fluid inclusions from the Sarekoubu and the Tiemurte deposits wy 106
R21-3 SR21-6 SR4005-2 SR4005-3 TM204a-1 TM204a-4
Ti 60.13 5.86 197.56 134.91 44.49 24.76
\% 3.75 2.58 9.21 - - -
Cr 7.22 4.92 10.06 14.00 6.23 4.95
Mn 0.96 2.38 9.60 8.28 6.23 -
Fe 95.64 3.30 392.91 240.36 36.59 11.36
Co 3.18 1.28 7.28 4.92 0.80 0.57
Ni 0.12 - 0.34 0.21 - 4.43
Cu 0.52 0.31 0.17 0.12 0.16
Zn 0.45 0.36 1.58 1.78 4.66 3.85
Ga 0.20 - 0.17 0.09 16.31 -
Ge 0.03 0.10 0.39 - 0.54
As 0.29 - 2.17 - -
Se 0.15 - 0.02 0.05 - 1.45
Rb 0.12 - 0.08 0.47 - 0.20
Ag 23.87 - 22.37 68.37 22.25 43.34
Yb 2.65 10.21 3.45 2.57 - -
w - - 0.25 1.01 1.84
Au - 17.33 1.49 4.38 - -
Tl - 0.92 1.14 - -
Pb - 0.02 0.20 - 1.75 2.17
Bi 0.12 1.44 0.26 - 0.15 -

XRF  “ —"



28 5

VMS 595

Pb Zn
Cu SRXRF

VMS

CO,-CH4-N,
Leo,-Lio
209 ~430TC
180~ 300 MPa
VMS
3 X

243.1~412.1TC

SRXRF

Au As Au

706

SRXRF

References

Anderson T
granulites and eclogites from the Bergen Arcs
way J . Minerl. Mag. 54 145-158.

Appel PW U Rollinson H R and Touret ] L R. 2001. Remnants of an

Austrheim H and Burke E A J. 1990. Fluid inclusions in

Caledonian of Nor-

Early Archaean >3.75 Ga sea-floor hydrothermal system in the
Isua Greenstone Belt J . Precambrian Research 112 27-49.
Bischoff ] L and Rosenbauer R J. 1985. An empirical equation of state
for hydrothermal seawater 3.2 percent NaCl ] . American Jour-
nal of Science 285 725-763.
Bradshaw G D Rowins SM Peter ] M and Taylor B E. 2008. Genesis
of the Wolverine volcanic sediment-hosted massive sulphide deposit
Yukon Canada fluid

Finlayson Lake District Mineral chemical

inclusion and sulphur isotope evidence ] . Econ. Geol. 103 35-
60.

Chai FM Mao] W DongLH Yand FQ LiuF Geng XX YangZ
X and Huang C K. 2008. SHRIMP zircon U-Pb dating for
metarhyolites of the Kangbutiebao formation at the Abagong iron de-
posit in the southern margin of the Altay Xinjiang and its geological
significance J . Acta Geologica Sinica 82 11  1592-1601 in Chi-
nese with English abstract .

Chang H L. 1997. Characteristics of fluid inclusions in the Ashele No. 1
copper-zinc deposit  Xinjiang J . Geology and Mineral Resources of
South China 3 23-32 in Chinese with English abstract .

Chen HY Chen Y J and Liu Y L. 2000. Metallogenesis of the Ertix
gold belt Xinjiang and its relationship to Central Asia-type orogene-

in China Series D 30 Supp. 38-44 in Chinese .

Chen Y J Zhang ] and Lai Y. 2001. Continental geodynamics and met-
allogenesis M . Beijing Seismological Press. 12-24 216-230 in

sis J . Sci.

Chinese with English abstract .

Chi G X Dube’ B Williamson K and Williams-Jones A E. 2006. For-
mation of the Campbell-Red Lake gold deposit by H,O-poor CO,-
dominated fluids J . Mineralium Deposita 40 726-741.

Craig ] R and Vokes F M. 1993. The metamorphism of pyrite and
pyriteic ores An overview ] . Mineral. Mag. 57 1 3-18.
Deines P. 2002. The carbon isotope geochemistry of mantle xenoliths

J . Earth-Science Reviews 58 3-4  247-278.

DingRF Wang ] B MaZM Zhang J H and Fang T H. 2001. Geo-

chemical characteristics of the Sarekoubu volcanic exhalation-sedi-

Geol. &

in Chinese with English abstract .

mentary-superimposition gold deposit in Xinjiang ] .
Prospec. 37 3 11-15

Dong YG Zhang CL RuiH]J] ZhaoY GuoKY Zhang SL Yuan
X Y and Hu X F. 2002. Gold and copper mineralization in the
Habahe-Burjin Drainage Area M . Beijing Geol. Pub. House. 1-
19 in Chinese with English abstract .

Duckworth R C and Rickard D. 1993. Sulphide mylonites from the Ren-
strom VMS deposit
83-92.

FanHR Xie YH Zhai M G and Jin C W. 2003. A three stage fluid

model for Xiaoginling lode gold metallogenesis in the Henan and

northern Sweden ] . Mineral. Mag. 57

Shaanxi Provinces central China J . Acta Petrologica Sinica 19

2 260-266
Fan HR Zhai M G and Xie Y H. 2003. Ore-forming fluids associated

in Chinese with English abstract .

with granite-hosted gold mineralization at the Sanshandao deposit
Jiaodong gold province China J . Mineralium Deposita 38 739-
750.

Giless A D and Marshall B. 1994. Fluid inclusions studies on a multiply
deformed metamorphosed volcanic-associated massive sulfide de-
posit Joma Mine Norway ] . Econ. Geol. 9 803-819.

Goldfarb R ] Groves D I and Gardoll S. 2001. Orogenic gold and geo-

18 1-75.

Graupner T Kempe U Spooner E T C Bray C ] Kremenetsky A A

logic time A global synthesis J . Ore Geol. Rev.

and Irmer G. 2001. Microthermometric Laser Raman Spectrosco-

pic and Volatile-ion Chromatographic Analysis of hydrothermal



596

2009

fluids in the Paleozoic Muruntau Au-bearing quartz vein ore field
Uzbekistan J . Econ. Geol. 96 1-23.

Groves D1 Goldfarb R ] Gebre-Mariam M Hagemann S G and Robert
F. 1998. Orogenic gold deposits A proposed classification in the
context of their crustal distribution and relationship to other gold de-
posit types J . Ore Geol. Rev. 13 7-27.

GuLX TangXQ WuCZ LuJ]J Xiao X] Zhen Y C Ni P and
Tian Z M. 2004a. Mechanisms of Cu-Au enrichment in ore my-
lonites of the Hongtoushan massive sulphide deposit Liaoning NE
China J . 11 2 339-351
with English abstract .

GuLX TangXQ ZhengYC WuCZ TianZM Lu]]J Xiao X ]

and Ni P. 2004b. Deformation metamorphism and ore-component

Earth Science Frontiers in Chinese

remobilization of the Archean massive sulphide deposit at Hong-
toushan Liaoning Province ] . Acta Petrologica Sinica 20 4
923-934 in Chinese with English abstract .

Gu L X Zheng Y C and Tang X Q. 2007. Copper gold and silver en-
richment in ore mylonites within massive sulphide orebodies at
Hongtoushan VHMS deposit N. E. China J . Ore Geol. Rev.
30 1-29.

HouZQ ZawK QuXM YeQT YuJJ XuM] FuDM and Yin
X K. 2001. Origin of the Gacun volcanic-hosted massive sulfide de-
posit in Sichuan China Fluid inclusion and oxygen isototpe evi-
dence J . Econ. Geol. 96 1491-1512.

HouZQ HanF XiaLQ HanF XiaLQ ZhangQL QuXM Li
ZQ Bie FL Wang L Q Yu]J]J and Tang S H. 2003. Hy-
drothermal systems and metallogeny on the modern and ancient sea-
floor Case study on some VMS deposits M . Beijing Geol. Pub.
House. 301-315 in Chinese with English abstract .

HouZ Q ZawK RonaP LiYQ QuXM Song SH Peng L G and
Huang ] J. 2008. Geology fluid inclusions and oxygen isotope

geochemistry of the Baiyinchang pipe-style volcanic-hosted massive

sulphide Cu deposit in Gansu Province northwestern China ] .
Econ. Geol. 103 269-292.

Inverno C M C Solomon M Barton and Foden J. 2008. The Cu stock-
work and massive sulfide ore of the Feitais volcanic-hosted massive
sulfide deposit Aljustrel  Iberian pyrite belt Portugal A
mineralogical fluid inclusion and isotopic investigation ] . Econ.
Geol. 103 241-267.

LiJK Wang DH LiuSB Ying L ] Wang C H and Chen D L.
2008. SRXRF microprobe study of fluid incluisions for pegmatite
deposits in western Sichuan Province ] . Geotectonica et Metalloge-
nia 32 3 332-337 in Chinese with English abstract .

LanY XuWY YanGD Chen WS QuX M and Chen D L. 2008.
SR-XRF studies of fluid inclusions from the Jiama and Nanmu de-
posits in the Gangdise copper-polymetallic metallogenic belt of Tibet
J . Acta Petrologica et Mineralogica 27 3  185-198 in Chinese
with English abstract .

Liu B. 1982. Solid and fluid inclusions in quartz from Baiyinchang copper
deposit ] . Acta Geologica Sinica 56 156-173 in Chinese with
English abstract .

Mao J W Pirajno F Zhang ZH ChaiFM WuH Chen SP Cheng
LS Yang ] M and Zhang C Q. 2008. A review of the Cu-Ni sul-
phide deposits in the Chinese Tianshan and Altay orogenes Xinjiang

Principal characteristics and ore-
forming processes J . J. Asian Earth Sci. 32 2-4  184-203.

Marignac C Diagana B Cathelineau M Boiron M-C  Banks D Four-
cade S and Vallance J. 2003. Remobilization of base metals and gold

Autonomous Region NW China

by Variscan metamorphic fluids in the south Iberian pyrite belt Evi-
dence from the Tharsis VMS deposit J . Chem. Geol. 194 143-
165.

Marshall B and Gilligan L. B. 1987. An introduction to remobilization
Information from ore-body geometry and experimental considera-

2 87-131.

Marshall B Vokes F and Laroucque A. 2000. Regional metamorphic re-

tions J . Ore Geol. Rev.

mobilization Upgrading and formation of ore deposits A . In Spy

P Marshall B and Vokes F  ed. Metamorphosed and metamor-
phogenic ore deposits Reviews in economic geology C . 11 19-
38.

McClay K R. 1983. Structural evolution of the Sullivan Fe-Pb-Zn-Ag ore-
body Kimberley British Columbia Canada J . Econ. Geol. 78
1398-1424.

Moura A. 2005. Fluids from the Neves Corvo massive sulphide ores
Iberian pyrite belt Portugal J . Chem. Geol. 223 153-169.
NiuHC YuXY XuJ]F Shan Q Chen FR Zhang H X and Zheng

7 P. 2006. Late Palaeozoic volcanism and associated metallogenesis

Xinjiang China M . Beijing Geol. Pub.
House. 1282p in Chinese with English absract .

Phillips G N and Evans K A. 2004. Role of CO, in the formation of gold
deposits J . Nature 429 860-863.

Qiu Z G Chief editor .
Pub. House. 153-182

Roedder E. 1984. Fluid inclusions Reviews in mineralogy V 12 M .
Reston American Mineralogist. 644p

Schmidt M A Oberthiir T Vetter U and Blenkinsop T G. 1997. High
CO; content of fluid inclusions in gold mineralisations in the Ashanti

Mineralium

in the Altay area

1982. Ore petrography M . Beijing Geol.

in Chinese .

Belt Ghana A new category of ore forming fluids J
Deposita 32 107-118.

Schmidt M A Oberthiir T Vetter U and Blenkinsop T G. 1998. High
CO, content of fluid inclusions in gold mineralisations in the Ashanti
Belt Ghana A new category of ore forming fluids —A reply J .
Mineralium Deposita 33 320-322.

Sherlock R1 Roch T Spooner T C and Bray C J. 1999. Origin of the
Eskay Creek precious metal-rich volcanogenic massive sulfide de-
posit  Fluid inclusion and stable isotope evidence J . Econ. Geol.
94 803-824.

Spray P G Plimer I R and Teale G S. 2008. Did the giant Broken Hill

Australia  Zn-Pb-Ag deposit melt ] . Ore Geol. Rev. 34 3
223-241.

Ulrich T Golding SD Kamber BS Zaw K and Taube A. 2002. Dif-

ferent mineralization styles in a volcanic-hosted ore deposit the fluid

and isotopic signatures of the Mt. Morgan Au-Cu deposit Australia



28 5

VMS 597

J . Ore Geol. Rev. 22 61-90.

Van den Kerkhof A and Thiéry R. 2001. Carbonic inclusions ] .
Lithos 55 49-68.

Wang JB QinKZ WuZL HuJ Hand Deng J N. 1998. Volcanic-ex-
halative-sedimentary lead-zinc deposits in the southern margin of the
Altai  Xinjiang M . Beijing Geol. Pub. House. 18-95 in Chinese
with English abstract .

Wang ] B Zhang ] H Ding R F and Fang T H. 2000. Tectonic-metal-
logenic system in the Altay orogenic belt China J . Acta Geologica
Sinica 74 3 485-491.

Wilde AR Layer P Mernagh T and Foster J. 2001. The giant Murun-
tau gold deposit Geologic geochronologic and fluid inclusion con-
straints on ore genesis J . Econ. Geol. 96 633-644.

WuCX HuangYY YangC LiJ] HeW YuZW Lin K Xand Li
K F. 2002. Nondestructive analysis of individual fluid inclusion
based on SRXRF and its application in oil geology ] . Nuclear
Techniques 25 10  793-798

Xiao W] Windley BF BadarchG Sun'S LiJ Qin K Z and Wang Z

H. 2004. Palaeozoic accretionary and convergent tectonics of the

in Chinese with English abstract .

southern Altaids Implications for the lateral growth of Central Asia
J . J. Geol. Society London 161 339-342.

XiaoW ] HanCM YuanC Chen HL SunM LinSFa LiZL
Mao QG Zhang J E Sun Sand Li J L. 2006. Unique Carboni-
ferous-Permian tectonic-metallogenic framework of north Xinjiang

NW  China

Paleoasian domain J . Acta Petrologica Sinica 22 5

Constraints for the tectonics of the southern
1062-1076
in Chinese with English abstract .

Xiao W J Pirajno F and Seltmann R. 2008. Geodynamics and metalloge-
ny of the Altaid orogen J . J. Asian Earth Sci. 32 2-4 77-81.

XuJH DingRF Xie YL Zhong CH and Yuan X. 2005. Pure CO,
fluids in the Sarekoubu gold deposit at southern margin of Altai
Mountains in Xinjiang west China ] . Chinese Sci. Bull. 50 4
333-340.

XuJH XieYL DingRF YinY]J Shan L Hand Zhang G R. 2007.
CO,-CH, fluids and gold mineralization Southern margin of Altay
China and Muruntau of Uzbekistan J . Acta Petrologica Sinica
23 8 2026-2032 in Chinese with English abstract .

XuJH Ding RF Xie Y L Zhong C H and Shan L. H. 2008. The
source of hydrothermal fluids for the Sarekoubu gold deposit in the
southern Altai Xinjiang China Evidence from fluid inclusions and
geochemistry J . J. Asian Earth Sci. 32 247-258.

Xu]JH Shan LH Ding RF Craig ] H Wang L LL and Wei X F.
2008. Carbonic fluid inclusion assemblages and their geological sig-
nificance at the Tiemurt lead-zinc deposit Altay J . Acta Petrologi-
ca Sinica 24 9 2094-2104

XuX C Zheng C Q and Zhao Q Y. 2005. Metamorphic types and

in Chinese with English abstract .

crustal evolution of Hercynian orogenic belt in Altai region Xinjiang
J . J. Jilin Univ. Earth Sci. Edition 35 1  7-11 in Chinese
with English abstract .
Yang FQ Mao] W YanSH. LiuF ChaiFM ZhouG LiuGL
He L X Geng X X and Dai J Z. 2008. Geochronology

geochemistry and geological implications of the Mengku synorogenic

plagiogranite pluton in Altay Xinjiang J . Acta Geologica Sinica
82 4 485-499 in Chinese with English abstract .

YinYQ YangYM LiJX GuoZL and GuoZ X. 2005. Sediment-
structural evolution and lead-zinc mineralization in the Devonian vol-
cano-sedimentary Kelan basin in southern Altay Xinjiang | . Geo-
tectonica et Metallogenia 29 4  475-481 in Chinese with English
abstract .

Zang WS ChenBL WuGG ZhangZC YanSH He L X Zhou
G Yang W P and Wang X. 2007. X-ray fabric analysis of de-
formed rocks in the eastern part of the Fuyun-Qinghe area Altay
Xinjiang China J . Geol. Bull. China 26 9 1189-1197 in Chi-
nese with English abstract .

Zaw K Hunns S R and Large R R. 2003. Microthermometry and
chemical composition of fluid inclusions from the Mt. Chalmers vol-
canic-hosted massive sulfide deposits central Queensland ~Australi-
a Implications for ore genesis J . Chem. Geol. 194 225-244.

Zhang CG Wei C] HouR ] HouL X and PuX P. 2007. Phase equi-
librium of low-pressure metamorphism in the Altaides Xinjiang J .
Geol. in China 34 1

Zheng CQ Xu X C Enami M and Kato T. 2005. Features and PT

34-41 in Chinese with English abstract .

condition study of the adnalusite-sillimanite type progressive meta-
morphic belt in Aletai Xinjiang ] . J. Mineral. & Petrol. 25

4 45-51 in Chinese with English abstract .
Zhu Y F Wng T and Xu X. 2007. Progress of geology study in Xinjiang

and its adjacent regions ] . Acta Petrologica Sinica 23 8  1785-
1794 in Chinese with English abstract .
. 2008.
J . 82 11  1592-1601.
. 1997. I J.
3 2332,
. 2001. M .
. 12-24  216-230.
. 2000.
J. D 30 38-44.
. 2001.
J . 37 3
11-15.
. 2002. - M .
. 1-19.
. 2003.
J. 19 2 260-266.
. 2004a.
J. 11 2 339-351.



598

2009

. 2008.

. 2008.

. 161-185.

. 18-95.

. 2004b.
J. 20 4 923-934.
. 2003.
M .
SRXRF J.
32 3 332-337.
SR-XRF J.
27 3 185-198.
. 1982.
56 156-173.
M .
. 1282
. 1982.
. 1998.
M .
. 2002. SR-XRF
I 25 10 793-798.
. 2006.
J. 225 1062-1076.

. 2006.

23 8  2026-2032.
Craig ] H
24 9 2094-2104.
. 2005.
J .
. 2008.
499.
. 2005.
J .
29 4 475-481.
. 2007.
J. 26 9 1189-1197.
. 2007.
J .
Enami M Kato T. 2005.
PT J .
45-51.
. 2007.
J . 23 8 1785-1794.

341

. 2007. CO,-CHy4

J.

. 2008.

34-41.

25 4





