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Metallogenic evolution of Tuokuzibayi gold deposit in southern Altay,
north Xinjiang: Evidence from characteristics of quartz vein systems,
isotopic geochemistry and Ar-Ar chronology

LI GuangMing', SHEN YuanChao', LIU TieBing!, SHEN Ping! and ZHOU NengWu?
(1 Key Lab. of Mineral Resources, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029,
China;2 No. 11 Geological Party, Xinjiang Bureau of Geology and Mineral Exploration and Development, Changji 830000,
Xinjiang, China)

Abstract

The gold ore bodies of the Tuokuzibayi gold field, located in southern Altay, Xinjiang, are hosted by NW-
SE trending, steeply NE-dipping and 1000 m wide Ma’ erkakuli large-size ductile shear zone (MDSZ) and its
secondary structures, which transect Middle and Lower Devonian metamorphic rocks of lower greenschist facies.

Studies indicate that tectonic evolution of the ductile shear zone that hosts ore bodies has gone through mainly
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five deformation stages. DI event is represented by tight folds, which were generated by compression deforma-
tion. But it is quite difficult to recognize these folds because of subsequent deformation. Ductile D2 shearing is
associated with a sinistral strike-slip deformation, which formed intense deformation zone. D3 event is
characterized by transition of ductile shearing to brittle-ductile shearing in continual development and uplift of
the Altay orogen. In the post-collision period, compression was transformed to the extension domain, which
formed tension structures and brittle faults filled with polymetallic sulfide-quartz veins and diorite dikes (ID4).
D5 is associated with superimposing late EW and NE trending brittle faults in the shear zone. Accordingly, at
least eight multifacies quartz veins, each with its own characteristic geometry and mineral paragenesis, were
formed in the evolution of the Ma’ erkakuli ductile shear zone. On the basis of the relationships between various
types of quartz veins as well as the characteristics of their mineral composition, gold mineralization of this gold
deposit is divided into four stages, and two main ore-forming events are recognized: brittle-ductile deformation-
related pyrite-quartz veins and transition of strike-slip deformation to extension domain-related polymetallic
quartz veins. Hydrogen and oxygen isotope studies show that ore-forming fluids varied from metamorphic fluids
to meteoric water-dominant fluids from early to late stages. &*S%o (CDT) values of sulfides from this gold
deposit range from -2.71%o to 5.6%o, showing a deep source. Pb isotope analyses reveal that ore-forming mate-
rials were generated between the orogen and the upper mantle, in the direction of the orogen. This must have
had some genetic relations with host rocks and ores in the Ashele massive sulfide Cu-Zn deposit, indicating that
early volcanism contributed to gold mineralization in the gold deposit. Ar-Ar dating of biotite from mylonite in
the shear zone yields a plateau age of 269. 94 + 2. 54 Ma and inverse isochron age of 269. 38 + 2. 63 Ma.
According to this result in combination with age data available, it is held that the gold deposit must have resulted
from two main gold ore-forming events at 290 Ma and 270 Ma, respectively, corresponding to two deformation
stages of the Ertix tectonic belt. It is presumed that early gold mineralization was related to large-scale sinistral
strike-slip whereas late gold mineralization resulted from post-collisional structural transition.

Key words: geochemistry, quartz vein system, Ar-Ar chronology, metallogentic evolution, Tuokuzibayi

gold field, Ertix tectonic belt
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Fig. 1 Regional geological map of the Tuokuzibayi gold district Southern Altay Xinjiang showing distribution of ore
deposits  Simplified from No. 11 Geological Party Xinjiang Bureau of Geology and Mineral Exploration and Development 2004
1—Quaternary 2—Tertiary mottled clay and gravel Devonian 3—Shale sandstone phyllite and tuff of Middle and Upper Devonian Qiwendaiyi
Formation 4—Shist shale limestone tuff and conglomerate of Middle Devonian Tuokesalei Group 5—Tuffarous sandstone locally interbedded
with carbonate tuff intermediate and acidic volcanic lava volcanic agglomerate of Middle Devonian Upper Altay Group 6—Biotite-plagioclase
gneiss tuff breccia and tuff of Middle Devonian Lower Altay Group 7—Shale limestone and sandstone of undivided Altay Group 8—DBiotie-pla-
gioclase gneiss tuff and granulite of Lower Devonian Kanbutiepu Group 9—Shale interbedded with siltstone and sandstone of Middle and Upper
Ordovician Habahe Formation 10—Plagiogranite 11—Pyroxene diorite diorite and quartz diorite 12—Diabase 13—Geological boundary 14—
Fault 15—Ductile shear zone 16—VMS Ashele Cu—Z7n deposit 17—Gold deposit ore spot . 18—Copper ore spot Upper right SA—South-
ern Altay ES—Ertix AM—Almantai SW—=Sawu' er 1—Duonalasayi gold deposit 2—VMS Ashele Cu—Zn deposit 3—Tuokuzibayi gold de-
posit  4—Sa’ erbulake gold deposit 5—Kalatongke Cu—Ni sulfide deposit 6—Kekesayi gold deposit 7—Bu’ erkesidai gold deposit 8—Kuo'

erzhenkuola gold deposit
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2 2004
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Fig. 2 Generalized geological map of the Tuokuzibayi gold deposit simplified from No. 11 Geological Party Xinjiang Bureau
of Geology and Mineral Exploration and Development 2004
1—Quaternary 2—Tertiary mottled clay and gravel 3—Schist shale limestone tuff and conglomerate of Middle Devonian Tuokesalei Group
4—Tuffarous sandstone of Middle Devonian Upper Altay Group locally interbedded with carbonate tuff intermediate and acidic volcanic lava vol-

canic agglomerate 5—DBiotite-plagioclase gneiss tuff breccia and tuff of Middle Devonian Lower Altay Group 6—Marble 7—Diorite dike
8—Granite dike 9— Habahe plagiogranite 10—Uncomformity 11—Fault 12—Ductle shear zone 13—Gold ore body
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Fig. 3 Photomicrographs of deformation and alterations in the Tuokuzibayi gold deposit
A—Silicicated initial mylonite crossed polar B—Chloritization and biotitization in mylonite plane-polarized light C—Biotie in quartz vein crossed
polar D—Deformed pyrite and S—C fabric in mylonite plane-polarized light E—Quartz sulfide and biotite showing banded structure crossed
polar F—Biotitization epidotization and chloritization on the margin of the quartz-sulfide vein and intense chloritization in the quartz vein

plane-polarized light Q—Quartz Bi—Biotite Chl—Chlorite Ep—Epidote Py—Pyrite
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Fig. 4  Photographs of various quartz veins and schematic

diagram of geometric characteristics of quartz vein

systems in the Tuokuzibayi gold deposit

5 mm

1
Table 1 Summary of characteristics of quartz vein systems and mineral assemblage
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Fig. 5 Photomicrographs of various quartz veins and sulfides in mylonite from the Tuokuzibayi gold deposit
A—Deformed pyrite in mylonite B—Pyrite in quartz vein well developed fissures within pyrite from V5 C—Chalcopyrite in fissures of cracked
pyrite from V6 D— Cracked pyrite replaced by chalcopyrite from V7 E—Galena replaced by chalcopyrite in the quartz vein from V7 F—Native

gold in the quartz—pyrite vein from V6 Q—Quartz Py—Pyrite Cpy—Chalcopyrite Gal—Galena Au—Native gold
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Table 2 Hydrogen and oxygen isotope determinations of mineral separates and inclusion fluids from various quartz veins and

ore-forming stages from the Tuokuzibayi gold deposit

380 %o 3O %o 3D %o
T11ZK1507-136.82 V1 1 12.91 6.12 —90.48
T117ZK306-384.5 V1 1 12.87 6.08 —88.57
T11ZK306-510 V2 1 11.78 4.99 -86.76
T11ZK006-394 V2 [ 12.25 5.46 —87.94
T11ZK707-253 V2 1 12.72 5.93 -89.15
T11ZK306-423 V4 I 11.18 1.84 —86.08
T11ZK006-217 V5 I 11.68 2.34 —85.06
T11ZK1507-130. 42 V6 I 12.14 2.80 -86.33
T11ZK006-283. 6 V6 I 10.56 1.22 —78.96
T11KD-7 V6 I 11.91 2.57 -87.79
T11KD-7 1 V6 I 10.80 1.46 =79.28
T11ZK006-115 V7 Il 12.32 1.41 —87.43
T11KD-6 V7 I 11.69 0.78 —85.00
T11ZK707-262.8 V7 Il 12.05 1.14 —87.86
T11ZK708-83 V8 I\l 11.01 -0.26 —85.02
T11ZK2304-247 V8 I\ 12.99 1.72 —89.96
SMOW MAT-252
Clayton 1972 1000Ine=3.38 10° T2 —3.4 1994
1996
0
[ B8 [ HEe [ BE | BE4 | ®srow
13 ¢
12.5 20
) L 4
< 12 L 4 #
S 2 2 40k W
o 11s S ;? BRIk
*
. g | %
11.0 ° ook
a : _
10.5 K e
o E v SE1E B SE Bk
8 80l L = SR B 3Bk
% % * BB BA TR
6 < o SBAMBUH BBk
| L I |
D\g 4 -10 0 10 20
O,x\ 8 #0/%o
Z 2 *
® 8 oD-
0
b ‘ 8180
-2 ] 5 3 . Fig. 8 880 versus 8D plot of fluids responsible
for different ore-forming stages of the Tuokuzibayi
B L
gold deposit
7

Fig. 7 880 variation diagram of minerals a and calculated
equilibrium waters b at various ore-forming stages of the

Tuokuzibayi gold deposit

1993 1996

S

Delta-S
+0.2%0

CDT
3
*2.71%0’“5.6%0



26 2007
— —1.74%0 5.60%0
] to.o4
154
. —l
I _0»81444 1.24 —=0.01%0~1.92%0
L = 1.28%o 2 1.3%0 ~5.95%0
5.95
M Ex2 — | 073 14 3.14%o 3 0.84%0 ~
] 3
1.83 1.54%0 1.24%o 4
e 1 65
. 0.04%0
BBl e /0 [1.28
-0.01
1.14
G 556
JTAEH “710.01
-4 -2 0 2 4 6 8 MT252 4 10
1) 34SCDT/%0
9 5 Ar-Ar
Fig. 9 Histogram showing 8*S values of the Tuokuzibayi
gold deposit showing different ranges at different stages
Ar-Ar
3
> ! o
Table 3 Sulfur isotope compositions of the Tuokuzibayi L Eiﬂ%ﬁ%\y~"’ a
; . HERBKREY ]
gold deposit 38.8 P
S
%o £
TIZK707-156.5 -2.71 = G
§ 37.8}- /ﬁf .
TIIZK1507-135.2 0.01 8 - ERRETEERET A
TIIZK1507-256. 32 ~2.53 Bl
TI1465-55CM 5.60 "
THZK1507-270 1 Y% 1.14 168
TIZK1507-136. 82 1 %! ~0.01 D: ik . f . i . | .
TIHZK306-510 I V2 1.92 b
TIZK707-253 1 V2 1.74 T ERAT R BB B AL
TIZK006-394 | V2 1.68 s i
TIZK006-208 1 V3 1.19 2
TIIZK306-423 i V4 1.83 5
TIZK006-217 I V5 1.30 £ ‘
TIIZK006-283. 6 i V6 1.97 15.9 P B RAERE -
TIIKD-7-1 1l V6 5.95 REE
TIKD-7-2 I V6 4.65
MeYmrBEsRErn
THKD-6-1 Il V7 1.30 s ERay BE R |
TIKD-6-2 Il V7 1.44 o v 206 18204 °
TIKD-6-3 il V7 0.84 PDATRD
TIHKD-6-4 il V7 1.07 10
TIZK707-262.8 1 V7 1.54 1998
TIZK708-83 I\ V8 0.04 ) , ,
DT DeltaS Fig. 10 28Ph 2%Ph vs. 2%Ph 2%Ph a and *’Pb 2%Pb

1.43%0
9
0.01%0 - = 271%0

vs. 200pp 204pp
Pb-isotope compositions at the Tuokuzibayi gold deposit and
ucC

orogene O and mantle M  based on the plumbot-

b diagrams showing the relations of the

the evolution curves of the upper crust lower crust

LC
ectonic model of Zartman and Doe 1981

VMS Ashele Cu-Zn deposit from Li et al.

. Data on the
1998



26 1 Ar-Ar 27
4 Pb
Table 4 Lead isotope compositions of the Tuokuzibayi gold deposit
ZUGPb ZU4Pb ZU7Pb 204Pb ZOSPb 204Pb
T ZK707-156.5 18.0432 15.5626 38.0217
T ZK1807-256.32 18.4458 15.5466 38.4515
Tl 465-5SCM 18.1335 15.5242 38.0175
Tl ZK1507-270 1 V1 18.2187 15.5548 38.2137
T ZK1507-136.82 1 A%t 18.1776 15.5261 38.0589
Tl ZK306-384.5 1 V1 18.0278 15.5547 37.9583
Tl ZK306-510 1 V2 18.3532 15.5380 38.2641
TII ZK707-253 1 V2 17.9797 15.5234 37.8476
Tl ZK006-394 1 V2 18.0520 15.5356 37.9298
Tl ZK006-208 [ V3 18.3297 15.5629 38.1803
Tl ZK306-423 Il V4 18.0003 15.5266 37.8838
Tl ZK006-217 Il VAl 18.0793 15.5691 38.0708
T ZK006-283.6 I V6 18.0595 15.5588 38.0145
TI KD-7-1 Il Vo6 18.1236 15.6070 38.1989
TIKD-7-2 I Vo6 18.0751 15.5434 37.9963
TIKD-1-1 Il V7 17.9804 15.5682 37.9530
TIKD-1-2 I V7 17.9666 15.5501 37.8954
T ZK707-262.8 Il V7 18.0256 15.5491 37.9450
T ZK708-83 I V8 18. 1558 15.5537 38.1290
SCYS 18.1611 15.5278 38.0685
HG1 18.9958 15.5937 39.1451
MT252
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Fig. 11 “°Ar *Ar biotite age spectra indicating age plateaus a and inverse isochron b plots for biotite

from the Ma’ erkakuli ductile shear zone
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Fig. 12 Diagram of metallogenic evolution sequences in the Tuokuzibayi gold deposit. Temperature and salinity for every
mineralization stage from Rui et al. 1993 Ar-Ar age at 290Ma from Yan et al. 2004
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