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Fig.l  Paleogeographic and paleotectonic maps of Neopaleozoic in South China
a. Carboniferous paleotectonic map of South China ( modified from Chen et al.,1994) ; b. Early Permian paleo- oceanic reconstruction of South Chi-
na (after Yinet al., 1999) ; c. Cross section of Hercynian faulted depression trough in Lower Yangtze massif (after Chen et al.,1994) ; O—IJi-
ashan- Xiangshui fault ; @ —Susong- Danyang fault ; 3 — Majin- Wuzhen fault ; @—Pingxiang - Shaoxing fault ; 1 —Old land; 2 —Inland mudstone ;
3 —Rivage-shallow water sandstone- mudstone ; 4 —Shallow water carbonate ; 5 —Shallow water carbonate , mudstone and siliceous rock ; 6 —Shallow
water mudstone and siliceous rock ; 7 —Shallow water mudstone, carbonate and volcanic rock ; 8 —Se mi-abys mal sandstone- mudstone ; 9 —Se mi-
abys mal sandstone- mudstone and siliceous rock ; 10 —Se mi-abys mal carbonate and siliceous rock ; 11 —Basin clastic rock ; 12 —Basin sandstone- mud-

stone and siliceous rock ; 13 —Basin mudstone , siliceous rock and volcanic rock
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Fig.2  Geological map showing submarine exhalative sediments and hydrothermal alteration of the Hercynian

exhalative-sedimentary fluid system in Tongling ore concentration area
1 —Mashan; 2 —Songshushan; 3 —Huangshilao; 4 —Tongguanshan; 5 —Shejialao; 6 —Danicun; 7 —Suishiling ; 8 —Shiershan; 9 —Daijiachong ;
10 —Gusong ; 11 —Shangxu ; 12 —Zhongxu ; 13 —Zhangmushan; 14 —Dongguashan; 15 —Jiaochong ; 16 — Yangtaoshan; 17 — Wufengshan; 18 —
Dianmenkou; 19 —Zhimenkou; 20 —Yieshan iron deposit; 21 —Yieshan; 22 —Xiaolao; 23 —Shaojilao; 24 —Xingiao; 25 —Zhuchong; 26 —
Dachengshan ; 27 —Shuizhuling ; 28 — Yangtiandang ; 29 —Liangshishan ; 30 —Dadingchong ; 31 —Banshanlijia; 32 —Taoyuan ; 33 —Shenxiandong ;
34 —Limaoding ; 35 —Gaojiashan; 36 —Guanyindong ; 37 —Maanshan; 38 —Xiatangcun; 39 —Xiniushan; 40 —Daigongshan; T NF —Tongling-
Nanling fault ; TDF —Tongling- Daijiahui fault ; DYF —Dongjiadian- Yashanjie fault ; TYF —Tongbu- Yandunpu fault ; STF —Shizishan- Tianpingshan
fault ; XMF —Xingiao- Muzhen fault ; GDF —Guicungiao- Daijiahui fault
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Fig .3  Structures of exhalative-sedimentary records in Tongling ore concentation area

a. Photomicrograph of spherulitic structure of colloform pyrite ( C-Py) , filled with and replaced by pyrite ( Py) and galena ( Ga) along shrinkage
cracks , in the Dongguashan Cu deposit ; b. Photograph of ferrosiliceous rock ( Fe) with vesicular ( Void) structure in the Xingiao pyrite deposit ; c.
Photomicrograph of siderite with spongy structure composed of siderite ( Si) and lots of pores in the Xingiao pyrite deposit; d. Photograph of barite
(Ba) bands in massive pyrite ( Py) in the Zhimenkou pyrite deposit ; e . Photograph of pyrite and sandstone breccia ce mented by colloform pyrite ( G-
Py) in the Shuizhuling pyrite deposit ; f. Computer scan of sulfide ( Sul) laminae (composed mainly of pyrite and pyrrhotite) interbeded with serpen-

tine and talc (Ser+ Ta) in the Dongguashan Cu deposit
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Table 1 Chemical composition of exhalites in Tongling ore concentration area
wg/ %
UETT T
Sio, ALO; TiO, Fe,03 FeO CaO MgO MnO K,O Na,O P,05 H,0° H,0" #EKE L
[E373/ %)
D177-3 16 .38 1.35 0.04 68.14 0.66 0.15 0.03 0.05 0.06 0.10 0.13 1.79 10.80 12.73 99 .82
XQP-17-1 12 .56 9 .48 0.05 64.00 0.24 0.10 0.63 1.13 0.07 0.09 0.16 1.71 11.03 11.66 100.17
XQP-20-2 8 .80 3.16 0.06 72.00 1.89 0.39 0.24 0.17 0.15 0.10 0.16 1.2511.00 12 .58 99 .70
XQP-22 4.34 0.33 0.08 70.20 9.36 0.98 0.9912.55 0.04 0.13 0.09 0.68 1.25 0.00 100.13
XQPII-8-1 5.04 2 .45 0.14 52.76 15.40 0.48 0.12 2.55 0.51 0.14 0.20 0.37 6.81 18 .06 99 .56
XQP IIF9-1 10.14 1.84 0.10 68 .61 0.02 080 0.17 5.46 0.71 0.09 0.12 1.53 9.31 11.23 99 .29
XQP IIF10-1 4 .80 1.72 0.04 77 .39 0.10 0.10 2.47 0.73 0.15 0.09 0.18 1.3211.78 12.51 100.28
XQPIIFI1-1 6 .82 0.45 0.02 78.66 0.05 0.05 1.51 1.01 0.16 0.09 0.15 0.5010.23 10.80 99 .77
XQPIIF17-2 10.58 1.11 0.05 73.33 1.37 0.20 1.69 0.08 0.20 0.09 0.19 0.73 9.62 10 .66 99 .55
2 R
XQP-13 1.82 0.73 0.04 10.34 46.10 1.33 0.99 3.02 0.07 0.10 0.12 0.22 0.37 30.11 99 .90
XQP-19 1.92 1.04 0.04 10.51 45.05 2.45 0.18 3.59 0.09 0.08 0.10 0.49 0.70 29 .78 99 .84
XQP-24 2.76 1.94 0.06 7.24 43.76 1.52 2.89 3.85 0.22 0.13 0.07 0.34 0.75 30 .48 99.79
XQP IIF6-1 1.26 0.45 0.02 13.42 43.56 1.80 0.09 4.54 0.05 0.06 0.10 0.34 1.36 29 .49 99 .69
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Fig .4

Hydrothermal alterations in the base ment strata of the Hercynian exhalative-sedimentary fluid syste m

in the Tongling ore concentration area

a. Distribution of hydrothermal alteration in the vicinity of Shijiachong; b. Sketch map showing the model of hydrothermal alteration structure ;

Q —Quaternary ; K, —Upper Cretaceous non- marine facies glutenite ; P- T, —Permian- Lower Triassic marine carbonate , siliceous rock and marine-

non- marine facies clastic rock with coal beds ; C, —Upper Carboniferous carbonate ; Dy —Upper Devonian sandstone and siltstone ; S; —Upper Siluri-

an siltstone and shale ; S, —Middle Silurian sandstone and siltstone ; S; —Lower Silurian shale and siltstone ; O; —Upper Ordovician carbonate
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Contour map of sulfur isotope of pyrites formed by the Hercynian exhalative-sedimentary syste m

in Tongling ore concentration area
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Fig .6

LA I

I , II and Il are exhalative-sedimentary cycles I , II and III, respectively
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Distribution of the Hercynian exhalative-sedimentary cycles in Tongling ore concentration area
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Distribution of conodont color alteration indexes ( CAI) in the Middle- Lower Yangtze area

( Data from Wang et al., 1996 and Qi et al ., 2002)

a. Distribution of conodont CAI in Cambrian-Silurian; b. Distribution of conodont CAI in Carboniferous - Lower Triassic
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Spatial- Temporal Structures of Hercynian Exhalitive Sedi mentary Fluid System
in Tongling Ore Concentration Area, Anhui Province

Yang Zhusen' , Hou Zengqianl , Meng Yifeng1 , Zeng Pusheng1 , Li Hongyang2 , Xu Wenyi1 s
Tian Shihong1 , Wang Xuncheng3 , Yao Xiaode® and Jiang Zhangping3
(1 Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China; 2 Shijiazhuang
University of Economics , Shijiazhuang 050031 , Hebei, China; 3 No. 321 Geological Party, Anhui Bureau
of Geology and Mineral Resources, Tongling 244033 , Anhui, China)

Abstract

Tongling area, one of the 7 ore concentration areas in the Middle- Lower Yangtze metallogenic belt of east-
ern China, has tectonically undergone a geological history from Late Paleozoic continental rifting through Middle
Triassic continent-continent collision to Jurassic- Cretaceous intra-continental tectono- mag matic activation. The
Carboniferous sedimentary-exhalative processes in the area produced widespread massive sulfides 303 ~321 Ma in
age , which, in addition to forming some Cu-bearing massive pyrite deposits, mainly provided considerable sulfur
and metals for skarn Cu mineralization associated with the Yanshanian felsic intrusions .

To understand the Carboniferous submarine hydrothermal system, the authors chose about 1000 km? in
Tongling district for geological fluid mapping . The thick foot wall sequences associated with the massive sulfide
formation were widely altered. This hydrothermal alteration is considered to reflect the large-scale hydrothermal
fluid flow associated with Late Paleozoic crustal rifting and subsidence . There occurred three hydrothermal alter
ation types, i.e., deep-level se miconformable silicification ( S;) , fracture-controlled quartz-sulfide alteration
(S53) , and upperlevel concordant quartzsericite-chlorite alteration ( D;) , thus forming distinct zones in the
mapped area. Comparisons with modern geothermal syste ms suggest that the se miconfor mable silicification zone
has recorded a sub-seafloor aquifer with the most productive hydrothermal fluid flow . The fracture-controlled
quartz-sulfide alteration formed transgressive zones, which likely indicate the upflow path of high-flux fluids
from the hydrothermal aquifer. The lateral zonation of the concordant alteration zones and its relationship with
overlying massive sulfide lenses suggest the lateral flow and diffusive discharging of hydrothermal fluids in the
permeable sandstone sequence . 3 large- and 14 medium-small sized massive sulfide deposits as well as 23 massive
sulfide ore spots were mapped in detail so as to reveal regional stratabound characteristics . The associated ex-
halite and che mical sedimentary rocks include (1) anhydrite-barite , (2) jasperchert, (3) Mg-rich mudstone-
pyrite shale , (4) barite lenses, (5) siderite- Fe-bearing dolomite , and (6) Mn-rich shale- mudstone , which usu-
ally comprise three sulfide-exhalite cyclic units in this district .

The spatial distribution of these alteration zones and associated massive sulfides and exhalites , together with
regional variation in 84S of hydrothermal pyrite , suggests three N'W W-extending fluid flow domains comprising
several fluid domains , controlled by the base ment faults and syndepositional faults . Each fluid domain appears to
consist at least of two upflow zones , with estimated range of about 5 ~8 km in the mapped area .

Key words : geology , exhalative-sedi mentary fluid syste m , massive sulfides , regional alteration, Tongling,

Middle- Lower Yangtze metallogenic belt



