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Abstract : Sanjiang orogen is a NS-trending collisional orogenic belt between Indian plate and

Yangtze block of the South China plate, and also an important metallogenetic belt in southwestern

China. The collision process between Eurasia plate and Indian plate started from Mesozoic times,

which resulted in strong and frequent magmatic activities then after. After Cenozoic, the stronger

and more frequent tectono-magmatism and volcanic eruptions provided fracture spaces and plenty

of heat sources for epithermal activity in this area.

As an active geothermal field, the Rehai geothermal field situates in the southern part of the

Sanjiang orogen, and is composed of two sub-scale geothermal fieldsthe Huanggua-qingoLiuhu-

ang-tang in northeast and Reshui-tang in southwest. Rocks that outcrop in this geothermal field

are mainly late Cretaceous granitoids with minor late Tertiary and Quaternary volcanics, sand-

stone and conglomerate. Strong volcanisms in Pliocene to Pleistocene were recognized and early

Pleistocene dacite and andicitic terrestrial volcanics distribute in the Huanggua-qingoLiuhuang-

tang geothermal field (i.e. Rehai geothermal field in narrow sense). 0, hot spring groups occur along

a NS-striking main fault in the Rehai geothermal field. Hydrochemical types of the spring water are

mainly NaoCloHCO- and NaoHCO-oCl types ; secondly NaoSO. type, NaoCl type, CaoNaoHCO-oSO.

type and MgoCaoHCO- type. Temperature of spring water on the surface is ,.�+*,�, and pH value

is ,�3.2. Geothermometers of SiO,, Na/K, Na-K-Ca, and Na-K-Ca-Mg, of the hot spring waters in the

Rehai geothermal field, were used to evaluate the reservoir temperature, which yielded results of

�,1*�+**� from below 0** m to the surface. The hydrothermal alteration and gold mineralization

process are still going on in that area, and the Lianghe gold deposit was formed between the

Zao-tang River and the Xiao-shui River in Liuhuang-tangoHuanggua-qing geothermal area in the

northeast sector of the geothermal field. This deposit is about 0 km, in area, with several kinds of

spring sinter, hydrothermal alteration and breccia, and is one of the most recently formed hot

spring-type gold deposits in China.

Spring sinters are of mainly silica sinter, with limited travertine, e%orescence, flower of sulfur

(sublimation sulfur) and gypsum sinter. Silica sinter is composed mainly of chalcedony and opal

with minor pyrite, marcasite, co$nite and pitchblende. Gold content is *.*2�*.. g/t in present silica

sinter, and *.+�*.2 g/t in fossil silica sinter.

Pyritization, silicification, argillic alteration, propylitization, sericitization, alunitization, zeolitiza-

tion and adularization are the major hydrothermal alteration types in the geothermal field and the

Lianghe Au deposit where acid leaching alteration is widely developed. The alteration-

mineralization zoning from central part outward across a fault or fracture is as follows : strong

silicified gold-bearing quartz zone � silicified-argillic altered zone � argillic altered zone �
propylitization zone. Kaolinite, alunite, smectite, illite and dickite were formed by argillic alteration

in acid leaching process. Very well-ordered kaolinite in the Rehai geothermal field is found to be the

best-ordered in China up to now, which has an Hc value of +.01. Layered silica caps, fine quartz
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veins and stock work veins penetrating into acid leaching zone, are main appearances of Au

mineralization.

Gold ore bodies occur in NS-striking altered fracture zone as steeply dipping veins and complex

veins accompanied by hydrothermal breccia. Ores are banded, lamellar, brecciform, and cellular in

structure, and are composed of pyrite and marcasite as major metal minerals, and arsenopyrite,

galena, sphalerite, chalcopyrite, stibnite, and native gold as minor metal minerals. Gangue minerals

are quartz, chalcedony, opal, jasper, with minor kaolinite, alunite, illite, smectite, sericite, fluorite.

and calcite.

Au content in hot spring water, surface sinter, bottom sinter, acid leaching zone, and stockwork

quartz veins, is *.*+�*.+0 ppb, *.**+�*.0- ppm, *.**.�*.+1 ppm, *.**+�*.1- ppm, and *.**-�..0/ ppm,

respectively. Ag content in silica cap reaches *.**+�/../ ppm. Based on the average of Au and Ag

content, Au/Ag ratio is always less that *.+ (+ : +*�+ : +3). d+2 OH, O, dDH, O, and d+- CCO,
values of hot

spring waters in the Tengchong-Lianghe area are �+,.-���/.+�, �02.3���//.1�, and �/.,�
��+.0�, respectively. d-. S values of hot spring water, native sulfur, and sulfides such as pyrite, are

mainly �,���,�. Liquid composition of fluid inclusions in quartz from breccia of Liuhuang-

tang area is H, O 1,�, H, S ,2� ; vapor composition is CO, 01.+�, H, S +,.0�, and H, ,*.-�.

The d+2 O values for quartz from quartz veins in the Lianghe gold deposit are between /.*� and

2.2� (averaged 1.-� for +* samples), and ,.-��+,..� (averaged 1.0� for 0 samples) for silicified

Pliocene sandstone (whole rock).

Soil and rock geochemical investigation results suggest a tendency of high concentration or

anomalies of Bi, Li, Rb, As, Sb, Hg, and Sn in or near hot spring areas, and Mn, Ni, Co, Pb, and Zn

around or out of hot spring areas.
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Fig. / Geologic map of the Lianghe gold deposit (revised from : Li et al., +320 ; Liao et al., +33+ ; Zhuo, +33+ ; Yao +33+ ;

Hou and Guo, +33+ ; Guo and Zhu, +33.).
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��	������
�� �B�+, B�,� �Guo and Yin, +33*��

Fig. 0 Trilinear piper plot showing the

chemistry of hot spring waters (A), and

chemical grouping of Na-HCO- type hot

spring waters by Na� vs. HCO-
� (B�+)

and Na� vs. SiO, (B�,) diagrams, Teng-

chong area, Yunnan Province (revised

from Guo and Yin, +33*).
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Table + Chemical compositions and grouping of hot spring waters from the Tengchong-Lianghe

geothermal areas in the Yunnan Province. Values of ion composition in milligram per liter (mg/l)

(after Zhang et al., +323).
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Table , Characteristics of main alteration types in the Rehai geothermal field in Tengchong County, Yunnan
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§ -� :;<:<=�¡¨8©ª� v�«¬�4�D=�®¯°� ±�!� �Hou and Guo, +33+�. ²x
� ppm. � � �³Z´�}.

Table - Metal analyses of hot spring water and precipitates in the Rehai geothermal field (after Hou

and Guo, +33+). Values in parts per million (ppm). Numbers in brackets indicate number of samples.

§ .� :;<:<=�¡¨8©ª«¬�4�Dj�®¯°��!� �Guo and Zhu, +33.�. ²x� ppm. � � �³Z´
�}.

Table . Metal analyses of precipitates and altered rock in the Rehai geothermal field (after Guo and Zhu, +33.).

Values in parts per million (ppm). Numbers in brackets indicate number of samples.
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Table / Chemical compositions and isotope compositions of hydrogen and oxygen of a part of hot-spring water

from the Rehai geothermal field (after Tong and Zhang, +323).

¡ 0� «~¬�®�¯�WX'U£�W�.3 W°.Eoq.�.¦3 §¦�<¨©ª� �±� �Shen et al., +32,�
 � �
2²��wu


Table 0 Oxygen and hydrogen isotope compositions (±) of surface water, underground water and geothermal water

from Tengchong-Lianghe area, Yunnan Province (after Shen et al., +32,).
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Fig. 1 Sketch map showing the three geochemical

survey areas (R+, R,, R-) and location of A�B traverse

in the Rehai geothermal field (after Zheng et al., +33+).

O 2ª 0|��|®���A�BR��¤�:S��¥IK
LNT yZheng et al., +33+{*
Ng+ : ¯Ut�V;W°�� Ng, : ¯Ut9*t��±t�
Ng- : �����;¯Ut9±t� Ng. : �����;
¯Ut9±t"*t��²³� yrhythmite{� g/

+ : ´
UJ�µ¶@¯Ut*

Fig. 2 Pedogeochemical anomalies along A�B traverse in

the Liuhuangtang-Huangguaqing geothermal field

(after Zheng et al., +33+). Values in parts per million

(ppm). Ng+ : weathered crust of granite, Ng, : granitic

conglomerate ang sandstone, Ng- : kaolinitized granitic

sandstone, Ng. : rhythmite between kaolinitized grani-

tic sandstone and conglomerite, g/
+ : Yanshanian bio-

tite granite.
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Fig. 3 Pedogeochemical anomalies in the Liuhuangtang-Huangguaqing geothermal field, Tengchong, Yunnan (after

Zheng et al., +33+). Values in parts per million (ppm).
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Fig. +* Pedogeochemical anomalies along C�D traverse

in the Liuhuangtang-Huangguaqing geothermal field

(after Zheng et al., +33+).

+ : Quaternary sediments, , : Pleistocene andesite, - :

Tertiary sedimentary rocks and volcanic rocks, . :

Paleozoic sedimentary rocks, / : Jurassic granite.
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Fig. ++ Pedogeochemical anomalies along E�F traverse

in the Liuhuangtang-Huangguaqing geothermal field

(after Zheng et al., +33+).

+ : Pleistocene andesite, , : Pleistocene basalt, - :

Tertiary sedimentary rocks and volcanic rocks.
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Fig. +, Pedogeochemical anomalies in the Rehai geothermal field and the adjacent areas, Yunnan Province (after Zheng

et al., +33+). Values in parts per million (ppm).
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