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Abstract

Mineralization of the Hutouya deposit is very complicated, and the unclear mineralization and ore-control-
ling factors constitute the bottleneck which restricts the breakthrough of the ore-prospecting work. Detailed
studies of characteristics of the ore deposit and geochemistry, geochronology and geochemistry of intrusive rocks
were conducted by the authors with some achievements obtained. Zircon LA-MC-ICP-MS U-Pb isotopic age of
monzogranite in No. V[ ore belt is (217.5+1.1) Ma (MSWD=1.4). Monzogranite of V| mineral belt and [l
mineral belt have such features of post-collision rocks as high content of K,O and Na,O, higher K,O than Na,O,
higher differentiation, gently right-oblique shape in chondrite-normalized REE patterns, enrichment of LILE,

moderate enrichment of HFSE and depletion of Ti and Ba. Mineralization is controlled by such factors as magma
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sources of intrusive rocks, evolution mode of intrusive rocks, strata, and structure. The monzogranite intrusions

of VI mineral belt whose material was partly contributed by the mantle had features of strong fractional crystal-

lization and relatively strong ore-forming capability. They mainly formed skarn-type Cu-Pb-Zn polymetallic de-

posits. [I mineral belt Monzogranite which originated only from crustal sources had inferior mineralization ca-

pacity and they were mainly related to mineralization of such skarn-type ore bodies as tin, molybdenum and iron.

Key words: geochemistry, U-Pb isotopic age, mineralization and ore-controlling factors, skarn-type de-

posit, Hutouya, Qimantag, Qinghai Province
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Fig. 1 Gealogical and mineral resources map of the Hutouya deposit (modified after Feng et al.» 2011)

1—Quaternary: 2—Upper Triassic Elashan Formation crystal tuff> rhyolitic tuff breccia, rhyolitic glass the crumbs crystal crumbs brecciated ign-

imbrite: 3—Upper Carboniferous Diaosu Formation micrite and microcrystalline-crystal powder dolomite, dolomitic limestone> marble, bioclastic

limestone, feldspar quartz sandstones hormnfels: 4—Lower Carboniferous Dagangou Formation marble, crystalline limestone; 5—Cambrian-Ordovi-

cian Tanjianshan Group basalts tuff> cherts: 6—Langyashan Formation of Jixian System calcite dolomite, carbonaceous micritic limestone, marble,

quartz sandstone, sericite slate and siliceous rocks: 7—Late Triassic monzogranite; 8 —Late Triassic granodiorite; 9—Late Triassic diorites

10—Skarn: 11—Fracture altered zone: 12—Ore body; 13—Strataigrapic boundary; 14—Anticline; 15—Reverse faults; 16—Samoling site
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1—Quaternary Eolian sand and residual-slope wash material: 2~ 7 Langyashan Formation of Jixian system: 2—Carbonaceous micritic limestone;

3—Quartz-siltstone; 4—Cherts; 5—Marble; Dolomite: 6—Garnet-diopside skarn; 7—Diopside skarn; 8 —Phyllic rock: 9—Silicification; 10—

Chloritizations 11—Epidotization: 12—Skarnization: 13—Mylonitization: 14— Pyritization, Pyrrhotitization: 15—Malachitization, Chalcopyriti-

zation: 16—Galena alteration, Sphaleritization: 17—Copper ore body; 18 —Lead-Zinc ore body: 19—Axis angle; 20—Drill hole
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Fig. 3 Geological section along No. 19 exploration line in VI ore belt the Hutouya deposit

1—Upper Carboniferous Diaosu Formation limestone 2—Upper Carboniferous Diaosu Formation silicified limestone 3—Upper Carboniferous Diaosu

Formation marble 4—Garnet-diopside skarn 5—Diopside skarn 6—Hornfels 7—Monzogranite 8—Skarnization 9—Chloritization Limonitiza-

tion 10—Pyritization 11—Magnetitization 12—Molybdenitization 13—Chacopyritization

14—Sphaleritization and galena alteration 15—Lead-

zinc ore body 16—Copper ore body 17—Axis angle 18—Drill hole

Fig. 4 Zircon characteristics of monzogranite in V| ore

belt Hutouya
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Table 2 Major elements trace elements compositions and parameters of intrusive rocks in the Hutouya ore district

HTY-4 HTY-5 HTY-6 HTY-7 HTY-8
Vi Vi VI
w B %
SiO, 72.15 77.08 71.63 75.42 53.20
TiO, 0.19 0.09 0.28 0.08 2.44
ALO; 13.32 12.22 13.42 13.02 13.00
Fe,O5 0.71 0.16 1.03 0.69 3.14
FeO 1.15 1.00 1.68 0.50 9.36
MnO 0.06 0.05 0.08 0.03 0.15
MgO 0.48 0.09 0.51 0.06 3.77
CaO 2.29 0.82 2.21 0.94 2.89
Na,O 3.51 3.21 3.31 3.53 0.82
K,O 4.50 4.62 4.25 4.60 4.40
P,0s 0.05 0.01 0.06 0.01 0.23
H,0" 0.66 0.44 0.85 0.79 3.91
H,O 0.15 0.07 0.08 0.10 0.22
LOS 1.47

100.69 99.86 99.39 99.77 97.53

K,O Na,O 1.28 1.44 1.28 1.30 5.37
A CNK 0.90 1.04 0.95 1.04 1.14
o 2.19 1.80 1.98 2.03 2.24
DI 86.91 93.18 84.64 93.03 51.85

w'B 110°°

La 31.60 29.10 41.40 28.20 29.20
Ce 60.00 55.30 78.30 60.80 59.40
Pr 6.33 6.07 8.66 7.30 7.73
Nd 20.10 18.90 29.40 25.9 31.80
Sm 3.60 3.50 5.01 6.10 6.64
Eu 0.49 0.23 0.59 0.16 1.55
Gd 3.07 3.44 4.69 6.51 7.55
Tb 0.49 0.60 0.80 1.20 1.18
Dy 3.01 3.85 4.96 8.12 8.04
Ho 0.67 0.85 1.03 1.73 1.66
Er 1.94 2.68 3.29 5.28 4.56
Tm 033 0.45 0.52 0.93 0.72
Yb 2.33 3.67 3.60 7.01 4.78
Lu 0.37 0.52 0.49 0.94 0.62
Y 20.0 27.5 32.70 59.90 44.80
SREE 134.33 129.16 182.74 160.18 165.43
LREE 122.12 113.10 163.36 128.46 136.32
HREE 12.21 16.06 19.38 31.72 29.11
LREE HREE 10.00 7.04 8.43 4.05 4.68
La Yb y 9.73 5.69 8.25 2.89 4.38
dEu 0.45 0.20 0.37 0.08 0.67
oCe 1.04 1.02 1.01 1.04 0.97
Rb 260 339 208 431 136
Ba 411 119 436 111 644
Th 28.5 31.0 23.9 39.8 9.20
Ta 1.26 2.30 1.63 5.17 1.13
Nb 12.8 17.4 17.5 33.0 14.2
Hf 3.76 3.69 5.21 5.26 4.64
Zr 123 103 194 119 184
Sr 150 44.8 166 46.0 119
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Count. Table 2
HTY-4 HTY-5 HTY-6 HTY-7 HTY-8
II VI W Il M
Ni 1.37 3.78 5.63 1.77 3.36
Cu 5.98 5.82 14.6 6.02 23.3
Zn 101 38.4 53.6 35.8 174
Pb H143 18.3 18.8 23.3 31.4
Mo 1.61 0.83 1.20 3.13 1.26
Co 2.27 1.32 4.19 0.95 24.8
Cs 6.08 12.5 5.37 14.0 5.34
Cr 3.06 9.87 14.5 5.11 29.2
Sc 3.00 1.32 3.77 2.15 36.9
\% 16.7 2.48 15.9 0.90 124
Ga 16.0 16.4 18.6 20.2 21.8
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3 Sr-Nd-Pb
Table 3 Sr-Nd-Pb isotopic compositions for intrusive rocks in the Hutouya ore district
§7sr 805 149Nd 4Nd e 0 e 0 207pp 206py 206p}, 204p}, 207py, 204py, 208p}, 204py, b ThU
26 20 0/(J "(J
HTY-
TWI W 0.733312 4 0.512094 3 408.97 —10.61 0.8267 0.001 18.9672 0.003 15.6799 0.003 39.4679 0.003 9.57 38.34 3.88
l—l['i}\}; 1 0.806674 5 0.512430 8 1450.31 —4.06 0.822  0.001 18.9922 0.002 15.6119 0.002 38.7842 0.002 9.44 34.99 3.59
HIY- 5 N
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Table 4 REE elements compositions and parameters for ores in the Hutouya ore district
w B LREE La
OEu  dCe
La Ce Pr- Nd Sm Eu Gd Tb Dy Ho Tn  Yb Lu Y SREE LREE HREE Ybx

HTY-XT1 1.03 1.63 0.23 0.94 0.18 0.026 0.18 0.022 0.16 0.031 0.11 0.013 0.086 0.008 1.63  4.65 4.04 6.62

8.59 0.44 0.82

HTY-XT2 0.8 0.99 0.15 0.59 0.089 0.011 0.085 0.012 0.078 0.013 0.046 0.006 0.041 0.005 0.75  2.92 2.63 9.2 14 0.39 0.7
HTY-XT3 0.79 1.24 0.16 0.67 0.13 0.027 0.13 0.015 0.12 0.024 0.079 0.01 0.078 0.006 1.32 3.48 3.02 6.53 7.26  0.63 0.86

ICP-MS

—©—HTY-XTI
H-HTY-XT2
—&— HTY-XT3

11
Sun et al. 1989
Fig. 11 Chondrite-normalized REE patterns of ore
chondrite data after Sun et al. 1989
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Table 5 Analytical results of composition and temperature of fluid inclusions in sphalerite and galena ore
x % x %
(¢ T
H,S CH, N, CH,
1 HTY-BT1 -5.5 407.0
2 HTY-BT1 -5.4 407.0
3 HTY-BT1 100.0 100.0 100.0 100.0 -5.0 401.0
4 HTY-BT1 —-4.1 370.0
5 HTY-BT1 —4.2 395.0
1 HTY-BT2 -3.0 227.0
2 HTY-BT2 -3.1 226.0
3 HTY-BT2 8.8 82.9 8.3 100.0 99.3 0.7 100.0 -2.8 226.0
4 HTY-BT2 -2.3 211.0
5 HTY-BT2 -2.3 211.0
invia x x
Ar’ 514.5 nm 40 mW 10s 6 10 pm 23T 65%
20C 45%
0.681~0.954 g em® 2010
VI
2
Vi Pb+Zn+ Cu 60
4 2008
NV
4.1
6
Cr Co
Ni Cu-Pb-Zn
Cu Pb/'Zn ‘Mo Cr
Co
Cu Pb Zn
Pb Zn
Cu Pb Zn Mo
6 wB 107°
Table 6 Ore-forming element compositions of ores and wall rocks in the Hutouya ore district w B 10~¢
VI
Cu 1600 28 33 8. 11 23.3 24
Pb 26000 64.2 73 50.85 31.4 12.6
Zn 38400 92.6 555 57.20 174 73
Co 20 30.5 3.6 2.18 24.8 25
Ni 27.8 10 3.14 3.36 51
Cr 210 51.7 10 8.14 29.2 119
Mo 80 2 1.69 1.26 0.65
@® HTY-4~HTY-7 HTYS8 HTY-4~HTYS 2 ®
2010 ©® 2008 @ 2010 ®

2003
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4.2

4.3

VI

Sn

2012

Cu Pb Zn

Fe Mo W

51.85
2006a VI
VI
il
VI
Cu-Pb-Zn
VI i
VI
VI
4.4
VI
n 17
5
1 VI LA-MC-

ICP-MS U-Pb
MSWD =1.4 I

217.5£1.1 Ma

w K,O w Na,O

LILE HEFSE  Ti Ba
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