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Abstract

The Laowan gold belt is an important gold polymetallic metallogenic belt on the northern side of the Tong-
bai Mountain. Ore-controlling structures of Laowan and Shang Shanghe gold deposits within the metallogenic
belt belong to compression-shear P type and tension-shear R type of brittle dextral strike-slip fault system respec-
tively. The gold lodes of the LLaowan gold deposit are characterized by the right echelon of three larger ore vein
belts, relatively gently southward dip, and disseminated, stripped and veinlet altered rock-type mineralization.
The gold lodes of the Shangshanghe gold deposit are characterized by the paralleled ore veins, steep northward
dip, and well-developed quartz vein-type mineralization besides altered rock-type mineralization. These phenome-
na reveal the coupling relationship between mineralization and ore-controlling fault properties. The ore-control-
ling dextral strike-slip fault was formed later than the ductile shear zone and much later than peak regional meta-
morphism, and it precludes the genetic relationship between the hydrothermal mineralization and the regional
metamorphism and ductile shear deformation. The ore-forming elements within the ore belt display Mo—Cu-Pb-
7Zn-Ag—>Au zoning centered on Songpa granite porphyry dyke zone. The narrow range and homogeneous compo-
sition(8**S is mostly in the range of 1.69%0 ~5.99%0)of &*S values of ores reveal the deep seated magmatic
sources of sulfur. The similarity of Pb isotopes of ores to those of Yanshanian granite implies that they were
probably derived from the same source. The ore-forming fluid in quartz of Au-bearing quartz vein has the compo-
sition of 3.2%0~5.4%o for 8%0y,y and —86.3%0 ~ — 53.3%0 for 8'®D, suggesting the magmatic origin of the
ore-forming fluid. The ¥Ar/*Ar age (138.9+3.3) Ma of granite porphyry obtained by zircon U-Pb isotope
is largely coeval with the ore-forming age obtained from hydrothermal mica contained in the ore vein. It can be
concluded that the gold and polymetallic metallogenesis of ‘the I.aowan gold belt had close spatial and temporal re-
lationship and genesis link with Yanshanian high level magmatism.

Key words: geochemistry, brittle dextral strike-slip fault system, geochronology, magmatic hydrothermal

mineralization, Laowan gold belt, Tongbai Moutain
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Fig. 1 Regional geological map of Laowan gold belt modified from Third Geological Survey Team Henan Bureau of
Geo-exploration and Mineral Development 1988 Liu et al. 2011
I—Mesoproterozoic Nanwan formation biotite plagioclase schist and mica quartz schist 2—Mesoproterozoic Guishan formation plagioclase horn-
blende schis mica quartz schist Gui-Mei shear zone ~ 3—Mesoproterozoic Kuanping Group mica quartz schist biotite plagioclase hornblende
schist quartzite and marble 4—Mesoproterozoic Er Langping Group plagioclase hornblende schist granulite carbonaceous mica quartz schist and
marble 5—Palacoproterozoic Qinling group gneiss and marble 6—Palaeoproterozoic Xionger Group metavolcanics 7—Mesoproterozoic-Late
Archean Tongbai metamorphic gneissic complex 8—High pressure rock pile 9—Diorite 10—Granite 11—Fault 12—Gold-silver deposit
Fi—You Fangzhuang fault F,—Wa Xiezi fault F;—Zhuxia fault F,;—Laowan-Songpa fault Gui-Mei fault

Fs—Tongbai-Shangcheng fault Fg—Xincheng-Huangpi fault
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Fig. 2 Simple geological map of Laowan gold belt(after 1:10 000 geological map 1:2000 geological maps of major deposits)
1—Mesoproterozoic Guishan Formation; 2—Mesoproterozoic Nanwan Formation; 3—Palaeoproterozoic Qingling Group; 4—Mica quartz schist
interbedded with plagioclase hornblende schist; 5—Plagioclase amphibolite(schist); 6—Granite; 7—Granite porphyry dyke; 8 —FEarly pure quartz
veins; 9—Silicified zone; 10— DBrittle fracture alteration zone and dip direction; 11—Boundary line between different lithological association;
12— Location of Zircon sample; 13— Village
(D—aowan gold deposit; @—Shang Shanghe gold deposit; @—Huang Zhuyuan Ag-Pb-Zn deposit
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Fig. 3 Geological section along exploration line of typical gold deposits in the Laowan gold belt
a. No. 204 exploration line of the Shangshanghe gold deposit; b. W10 exploration line of the Laowan gold deposit
1—Plagioclase amphibolite(schist)of Guishan Formation: 2—Mica quartz schist; 3—Gold lode and its serial number; 4—Granite porphyry
dyke; 5—Granite; 6—Schistosity; 7—Breccia; 8 —Underground tunnel; 9—Dril hole; 10—Altered rock-type gold orebody
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Fig. 4 Texture characteristics of gold ores in the Laowan gold belt
a. Network vein gold ores cataclastic altered rock penetrated by metal sulfide-quartz stockwork (brown after oxidation); bsc. Brecciated ores altered
rock breccia (pyrite + sericite ) (stage I Jcemented by polymetallic sulfide quartz vein and massive polymetallic sulfide( Py + Sph+ Cp+ Tet+ Au+
Gal + Q)(stage 1l ); d. Auriferous quartz vein; e. Massive polymetallic sulfide ore; f. Micro-fabric of altered rock breccias showing the assemblage
of Py+ Ser+ Q(stage I ), transmitted light; g. Assemblage of (Cp+ Py+ Auwof the auriferous quartz vein formed during the main ore-forming
stage (stage I )» showing the idiomorphic-subhedral texture of pyrite and syncrystallization texture between chalcopyrite and golds reflected lights
h. Texture of massive polymetallic sulfide ore, the pyrite showing corrosion and replacement textures reflected light; i. Quartz-polymetallic sulfide
vein in altered rocks(stage I Js reflected light
Py—Pyrite; Sph—Sphalerite; Cp—Chalcopyrite; Tet—Tetrahedrite; Au—Native gold; Gal—Galena; Cal—Calcite; Ser—Sericite
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Fig. 5 Texture characteristics of ores in the Huangzhuyuan Pb-Zn-Ag deposit
a. Planar sericitization and vein-like sericitization followed by sphalerite mineralization, plainlight; b. Vein-like carbonatization followed by

jamesonite mineralization, plainlight:; c. Polymetallic sulfide ores arsenopyrite and pyrite as replacement of residual in sphalerites the solid solution
series consisting of galena (Gal)s bournonite (Bnn)s boulangerite penetrating sphalerites reflected light
Q —Quartz; Ser—Sercite; Cal—Calcite; Sph—Sphalerite; Gal—Galena; Py—Pyrite; Jame—Jamesonite; Aspy—Arsenopyrite; Bnn—Bournonite;
Blr—Boulangerite
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Fig. 6 CL image of zircons from Songpa granite porphyry

F 1 BESWHRINERBIEK LA-ICP-MS $#55 U-Pb 4R
Table 1 LA-ICP-MS zircon U-Pb dating data for Songpa granite porphyry

w(B)/10-6 WIPL/N6Pp  WTPL/235Y]  26ph/28Yy  208pp/B2Th t/Ma
ot Th/U g

22T 28y BE 1o HBE 1o BE 1o HE 1o 27PW/25U 1o 2PW/28U 1o 28Ph/22Th 1o
ZK0103-01 10137 42187 0.24 0.0570 0.0025 0.0803 0.0033 0.0101 0.0002 0.0019 0.0001 78.4 3.1 64.8 1.4 38.0 1.3 0.81
ZK0103-02 11879 89194 0.13 0.0480 0.0012 0.1568 0.0048 0.0228 0.0003 0.0070 0.0002 156 4 145 2 142 3 0.98
ZK0103-03 2622 29808 0.09 0.0545 0.0015 0.1695 0.0060 0.0219°0.0003 0.0091 0.0003 156 5 140 2 183 6 0.87
ZK0103-04 2516 34203 0.07 0.0489 0.0015 0.1550 0.0098 0.0211 0.0003 0.0073 0.0002 137 9 135 2 147 22 0.91
7KO010305 2006 23182 0.09 0.0546 0.0016 0.1638 0.0051 0.0211 0.0002 0.0082 0.0003 154 4 135 1 165 6 0.86
7K0103-06 21167120144 0.18 0.0471 0.0006 0.1545 0.0030 0.0227°0.0003 0.0079 0.0001 155 3 145 2 159 2 0.9
7K0103-07 1750 4940 0.35 0.0537 0.0020 0.5135 0.0197 0.0672 0.0008 0.0218 0.0005 421 13 420 5 436 9 0.9
ZK0103-08 4685 6966 0.67 0.0482 0.0025 0.1556 0.0094 0.0219 0.0004 0.0065 0.0002 137 8 140 3 131 4 0.95
7K0103-09 810 5285 0.15 0.0493 0.0041 0.1549 0.0100 0.0239 0.0004 0.0085 0.0005 157 9 152 3 171 7 0.9
ZK0103-10 1293 3343 0.39 0.0619 0.0053 0.1540 0.0121 0.0208 0.0005 0.0069 0.0004 157 11 133 3 138 7 0.91
7KO0103-11 10411 39056 0.27 0.0508 0.0020 0.1139 0.0044 0.0161 0.0002 0.0027 0.0001 111 4 103 1 550 2.2 0.93
ZK0103-12 7794 45466 0.17 0.0546 0.0018 0.1223 0.0041 0.0158 0.0002 0.0038 0.0001 117 4 101 1  76.2 2.7 0.85
ZK0103-13 2963 6943 0.43 0.0561 0.0029 0.1867 0.0072 0.0228 0.0004 0.0068 0.0003 158 7 136 3 136 5 0.9
ZK0103-14 9531 42591 0.22 0.0575 0.0021 0.1437 0.0070 0.0169 0.0003 0.0068 0.0003 181 6 145 2 138 3  0.87
ZKO103-15 5269 23239 0.23 ‘0.0609 0.0031 0.1488 0.0078 0.0218 0.0005 0.0039 0.0002 140 6 108 2 789 3.6 0.77
7K0103-16 1507 9993 0.15 0.0503 0.0023 0.0803 0.0033 0.0101 0.0002 0.0069 0.0003 147 7 139 3 139 6 0.98
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Table 2 Sulfur isotope of ore sulfides from the Laowan gold belt

S %o
Tz-1 7Zk2 205 189 m Py +4.4
Tz-2 Zk3 205 276 m Py +3.76
Tz-3 Zk4 205 364 m Py +4.88
Tz-4 7Zk2 209 261 m Py +4.46
Tz-5 7Zk5 205 461 m Py +2.97
Tz-6 1 h47 Gal +2.69
Tz-6 2 h47 Py +5.18
Tz-7 Gal +1.93
Tz-8201 Zk1l 201 46 m Py +5.59
Tz-8204 h67 Py +4.01
Tz-8206 Zk1l 201 135 m Py +4.23
S111 h25 Sph +3.33
S-11 2 h25 Py +5.44
S-12 2 h25 Py +5.78
S-13 h94 Py +4.08
S-14 Py +5.50
S15 1 h67PD2 49.7 m Cp +4.89
S153  h67PD249.7 m Py +5.27
S-16 h57 Py +3.33
S17 h67 Py +2.90
S-18 h67PD2 50 m Py +4.56
S-19 1 h67PD2 30 m Gal +1.69
TZ-8202 7k201 Py +4.26
TZ-8203 Zkl 601 Py +3.98
TZ-8205 7k102 Py +3.63
TZ-8208 Zk2 201 Py +3.81
TZ-8210 7Zk2 201 Py +3.87
TZ-8209 Zk2 201 Gal +2.78
YS1 Py +5.10
Y2 Py +4.75
YS3 Py +3.05
YS5 Py -0.10
YS6 Py +5.16
YS7 Py +3.94
YRyS5 Py +5.99

Py— Gal— Sph— Cp—

80

Groves et al. 2003
Adams et al.
2007
Groves et al. 2003
3
3207
10
cm
Faure et al. 1999
1999
Xuetal. 2000
236~214 Ma
195~ 187 Ma Xu et al. 2000
Adams et al. 2007
4.2 Au
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Table 3 Pb isotopic composition of rock and ore sulfides from the Laowan gold belt
ZOGPb 204Pb 207Pb 204Pb ZUSPb 204Pb
YQ6 18.317 15.702 39.000
YQS 18.552 15.630 39.278
YR6 18.369 15.399 37.853
YR10 18.016 15.312 37.408
YSI-Py Py 17.765 15.493 38.178
YS2-Py 18.330 15.613 39.032
YS3- Py Py 18.693 15.614 39.855
YSS-Py 17.469 15.463 37.908
YS6-Py 17.523 15.497 38.059
Tz-8201 17.553 15.605 38.098
Tz-8206 17.559 15.483 37.741
Tz-8204 17.463 15.397 37.722
-41-Gal 17.442 15.381 37.759
h25-Gal 17.702 15.497 37.206
Tz8211-13- Gal 17.408 15.378 37.725
YPbl-Gal 17.591 15.417 37.810
Ys7-Py 17.686 15.540 38.540
YRyS5-Py 17.590 15.404 37.752
YRyS5-Gal 17.606 15.433 37.847
4
Table 4 Hydrogen and oxygen isotopes of ore fluid in quartz from the Laowan gold belt
"(j SD (%)() 81 80 (%)() 81 8() (%)()

H-0-1 ZK1 wl 290 -86.3 12.20 +4.9

H-0-2 295 -82.7 10.25 +3.2

H-0-3 ZK7 wid 280 -85.5 11.79 +4.1

H-0-4 hS8 210 m 300 -86.0 12.31 +5.4

H-0-5 h67 302 -53.3 11.73 +4.9

@ Mo Mo Au Mo
Mo—>Cu-Pb-Zn-Ag—Au
@  Cu-Pb Mo Zn Ag
2 Mo Cu-Pb-Zn-
® Pb-Zn Ag Mo Ag
Cu-Pb-Zn-Ag Au Mo
@ Au

Mo
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