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FOREWORD

Geothermics is a newly developed brancb of Earth sciences. Geothermal energy is
regarded as a new and renewable alternative energy. The occurrence and formation
mechanism of geothermal resources, the distribution and resource assessment of a
geothermal system, all these are, at present, the most active aspects in geothermal
studies. ‘ ,

China has a long history of utilization of thermal water and hot springs are widely
distributed all over the country. However, it was not until the early 1970’s that system-
atical studies on geothermal resources began in China. During the past 20 years, a lot of
work on reconnaissance, exploration and exploitation of geothermal energy has been
done by Chinese scientists and great achivements have been made. The monograph
" Geothermal Resources in China—— Formation Characteristics and Potential
Evaluation” edited by Chen Moxiang, Wang Jiyang and Deng Xiao from the Lab for
Geothermics, Institute of Geology, Chinese Academy of Sciences, is the first publica-
tion on this topic and may also be regarded as a representative of scientific achivements
in geothermal study of China.

In this monograph, based on a lot of geothermal data obtained by the authors and
their colleagues, the geologo-tectonic settings concerned with the occurrence and forma-
tion of geothermal resources were analysed; the distribution of resource types, forma-
tion mechanism and genesis model of geothermal system were investigated. As a result,
new insight into above-mentioned problems on .geothermal resources of China was
gained and several important conclusions have been reached. For instance, the authors
point out that high-temperature geothermal resources are associated with certain geotec-
tonic settings. Taiwan, southern Tibet, western Yunnan and western Sichaun are fa-
vorable places for strong hydrothermal activity and for occurrence of high-temperature
geothermal systems because these regions are located near the plate boundary and have
the geologo-tectonic settings and geothermal background necessary for these systems.
Low-medium temperature geothermal systems are widespread in regions with normal
and/or relatively low geothermal background, away from the plate boundary. General-
ly, the distribution of high-temperature hydrothermal areas in China is not coincident
with that of Late Cenozoic volcanos. Therefore, volcanié¢ activity does not seem to be
the necessary condition for the occurrence of high-temperature geothermal systems.
High-temperature geothermal systems may also occur either in the region with shallow
young magma emplacement or near the plate boundary with partial melting of the upper
crust. Although high-temperature geothermal systems in Taiwan belong to the so-called
" Circum-Pacific Geothermal Belt” y:they do not have the representative characteristics of
this Belt. The southeast coastal area of China has no necessary conditions for appear-
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ance of high-temperature geothermal_;esources, Ysgveral medium-temperature geother-
malsysterns in this area are belived to-be caused by deep-circulation of ground water.,
but not due to high—temperature. magma ‘b(_)dy. The formation of low-temperature
geothermal resources in numerous Meso-Cénozoic sedimentary basins may be formulated
as follows: heated by normial to relatively low heat flow from beneath, the layered
reservoir is recharged by the lateral water flow. In Meso-Cenozoic basins of fault-de-
pression origin such as North China Basin and Northern Jiangsu Basin, isotherm pattern
"hight-low-high” corresponding to basement relief ” uplift-depression-uplift” is obvious.
Consequently, local geothermal anomaly coincides with basément uplift due to redistri-
bution off heat flow in the uppermast part of the Eai’th"s crust. These conclusions are of
theoretical and pracfical impbrtance for the study of nature and accumulation state of
geotherrnal resources, resource assessment and .t‘heir utilization and development in
China. Prospect evaluation of geothermal resources and magnitude-caléulation of accu-
mulative and recoverable resources have been carried out by the authors. Based on this
calculation, the autHOrs have concluded that thermal water resources of China are of cer-
tain potential but not rich. In most areas of lChiha‘, thermal water resouces can only be
used for tourism and/or resort purpose rather than used as energy source.- However, in
the remote border areas of SW China, geothermal resources may: play an important role
in solving the energy-shortage proble-lh nowadays. “This conclusion is correet and may be
referenced by appropriate atithority in establishing national or provincial geothermal de-
velopment strategy. ' '

Finallly, two suggestions were ‘made by the authors: 1) Investigation on geopres-
sured geothermal resources thust start as soon as possible because-of the huge energy
potential and wide distribution of the resources in some basins in China; 2) Follow up
the-State—of-the-Art of ”Hot Dry Rock” Project abroad because this is also an exciting
project, but, at present, it seems to be unable to do in China owing to the limited funds
available. These two suggestions are farseeing and of great importance, much attention
should be paid by the approf,iate authority in this regard.

- The scope of geothermal study appears to be wide. This monograph along with the
newly published two other books ” Low-Medium Temperature. Geothermal, System of
Convective Type ” (Wang,]iyang s ed. » 1993, Science Press, Beijingy China) and "Min-
ing Geothermics and. Prevention of Geothermal Hazard” (Deng Xiao et al. , 1991, Coal -
Industry Publishing House, Beijing, China) may be.considered as @ mard symbolizing
the deepening and progress in geothermal study in China.. Congratylate the authors on
the publishing of this monograph and hope, that they will continuously put their effort
in the future and make further more ‘contr‘ibution's‘ to the Geothermies and development
of geothermal studies in China. '

Chen Mengxiong,September, 1993.
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PREFACE

The monograph ”Geothermal Resources in China— —Formation Characteristics and
Pontential Evaluation” is based on the materials obtained by the staff from the Lab for
Geothermics, Institute of Geology, Chines Academy of Sciences during the period 1986-
1991 under the Project " Investigation of Geothermal Resources in China” sponsered by
Resources Saving &. Integrated Utilization Division (RSIUD), State Committee of Plan-
ning (SCP) and partly funded by Energy Research Committee, Chines Academy of Sci-
ences, This project has been initiated upon the demand for the development and utiliza-
tion. of geothermal energy in China considering the recent status of geothermal study and
development abroad.

It is well-known that resources assessment is the foundation for development and u-
tilization of geothermal energy. Since the early 1970’s, development and utilization of
geothermal energy has attracted more and more attention and resource assessments were
attempted by both developed and developing countries with abundant geothermal re-
sources. During the period 1975-1982, assessments of geothermal resources.of the Unit-
ed States were conducted three times by U. S. Department of Energy in the form of Geo-
logical Survey Circular No. 726 (1975), No. 790 (1979) and No. 892 (1982). In recent
years, nation-wide and/or regional resource assessments were carred out in Japan, I-
taly, Mexico and European Community Countries. All these works serve as the scientif-
ic base for planning and coordination of development and utilization of geothermal ener-
gy in these countries,

Hot springs are widespread in China which has a long history of thermal water uti-
lization. However, systematical studies on geothermal resources only started in the ear-
ly 1970’s. During the past 20 years, numerous relevant data were obtained from the in-
vestigations on geothermal resources by joint efforts of geologists, hydrogeologists,
geothermists and geophysisists. In addition, a large number of temperature logging data
in boreholes and geothermo-geological information were accumulated during exploration
and prospecting for oil and gas, coal, as well as ore deposits. Integrating and summariz-
ing all these data whith supplement survey, it is possible to get better understanding of
the formation and distribution of geothermal resources as well as the resource protential
which are useful and necessary for planning geothermal exploration and utilization in
China. Furthermore, this also may serve as the basis of nation-wide resource assess-
ment in China. .

Therefore, the aim and target of the above-mentioned project can be formulated as
follows :

1. Geothermo-geological settings of formation and accumulation of geothermal re-
sources
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2. Distribution and formation mechanism of geothermal resources;

3. Magnitude calculation of resources in several prospective regions;

4. Case histories of typical geothermal fields including setting up of genesis model .
resource assessment and prediction on the regime during exploitation;

- 5. Recommendation on the further investigations of geothermal resources and de-
velopment in China.

The monograph is divided into four parts containing eighteen chapters in total. Part
1, general overview, contains two chapters. In Chapter 1, geotectonic settings and
thermo-tectonic background were given, 441 measured heat flow data have been summa-
rized in the form of average value in 1° X 1°grids. This is the base for analyzing the for-
mation and distribution of geothermal resources in China. In Chapter 2, newly compiied
hot springs map of China with 2200 sites is presented. On the basis of this map, the ge-
ographical distribution of hydrothermal areas, its relationship to the geological condi-
tions and the heat discharge of hot springs in every province (region) were demonstrat-
ed. Furthermore, major belts of hydrothermal activity and the potential for exploitation
have been illustrated according to the intensity of hydrothermal activity and the density
of hot springs in terms of geological conditions. In this chapter, the accumiulation and
distribution of low-temperature thermal water in Meso-Cenozoic - sedimentary basins
were stated. It has been noted that the reservoir development and the thermal water
quality are closely related to the lithology of sedimentary formation and paleogeography.
Especially, the thermal water resources are favourably formed and accumulated in large-
scale sedimentary basins. In rift basins, basement rock reservoirs are developed quite
well. Evaluation of accumulative and recoverable thermal water resources for ten major
large and medium sedimentary basins was conduted in this chapter. It also gives magni-
tude of thermal water resources in sedimentary basins of continental area of China. Fi-
nally, improved classification of geothermal systems has been realized based on better
understanding of the formation and distribution of geothermal resources in China. A
table is made to outline structure and extent of geothermal systems, their tectono-ther-
‘mal background, heat and water source as well as the repesentative geothermal fields
and region is attached for better reference and information.

Part 2, 3 and 4 are devoted to "Geothermal resources in major regions of Southwest
China, " Geothermal resources in major sedimentary basins of Centro-Eastern China”
and "Geothermal resources in Southeast coastal areas of China” respectively. Chapter 3-
5 belong to Part 2, Chapter 6-13, to Part 3 and Chapter 14—17, to Part 4 correspond-
ingly. In these parts, based on the geologo-geothermal background and the distribution
of geothermal resources, magnitude evaluation of accumulative and recoveable resources
and their perspectives were attemped for Southweast China, Meso-Cenozoic sedimentary
basins of Centro-Eastern China and Southeast coast respectively. Some overall notes on

the specifics of these chapters are ‘made as follows;
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1) Generally, a single chapter is devoted to one province and/or one basin with bet-
ter understanding of geothermal resources and geologo-geothermal settings. However.
to regions important in geothremal resources, individual chapters are given no.matter of
information existed is sufficient or not. For instance, information obtained so far on
geothermal resources for Western part of Sichuan Province appears not to be so suffi-
cient, but the Chapter 5 is still given to it because this region is very close to and even
partly belongs to the so-called Himalayan Geothermal Belt. It.is of significant impor-
tance to have this region involved for better understanding the: whole picture of this
Belt. : P

2) For the magnitude evaluation of thermal water resources in sedimentary basins.
emphisis has been put on the low salinity thermal water, becauce the water can be used
for heat and water supply purpose.

3) One typical geothermal field with detail analysis is selected for each part, such
as: Yangbajing high-temperature hydrothermal system (non-volcanic type) in Tibet for
Part 2, Shulu-Ningjin low-temperature geothermal system (fault-depression basin type)
in Hebei Province for Part 3 and Zhangzhou low-medium-temperature hydrothermal sys-
tem (deep circulation type) in Fujian Province for Part 4. For all these geothermal fields
based on investigations of geology, temperature field and formation plus distribution,
genesis model of the above-mentioned geothermal fields was set up, accumulative and
recoverable thermal water resources have been assessed and regime during exploitation
of thermal water was predicted. .

4) As there was a big argue at home and abroad about the nature of geothermal sys-
tems in the Southeast coastal area of China, special discussion on this problem is made
in Chapter 14.

5> A lot of work on prospect and exploration of geothermal resources in Taiwan has
been done from the mid 1960’s to late 1970’s by colleagues of -Taiwan geothermal com-
munity. Based on publications and personal communications with Taiwan geathermists,
an outline on geothermal resources in Taiwan was stated in Part 1. For this resaon, this
problem was not specially discussed in other parts.

Conclusion and recommendations were made at the last part. (Chapter 18) which
may also be regarded as the extended summary of this monograph.

During the field work and data collection, great assistance ¢ame from numerous en-
gineers, technicians and many organizations under Ministry of Geology and Mineral Re-
soueces (GMR), China National Oil and Gas Company and China National Coal Compa-
ny. Successful cooperation and collaboration were carried out with Geothermo-Geologi-
cal Team of Xizang (Tibet) Autonomous Region, Bureau of GMR; The First Team of
Hydrogeology and Engineering Geology (HEG), Fujian Provincial Bureauof GMR; Ge-
olocial Division of North China Petroleum Bureau and First Team of HEC, Guangdong

Provincial Bureau of GMR. Sincerely thanks are due to the above-mentioned personnel
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and organizations from the authors.

Materials and data used in this monograph also come from a number of projects in-
cluding National Natural Science Foundation of China and Nation-wide State Key Pro-
jects for the period 1986 —1990 conducted by the staff from the Lab for Geothermics. I-
GAS. Scientific reports and other documents about geothermal resources in China accu-
mulated in the Lab for Geothermics, Thesis and description of MS and Ph. D. students
of the Lab for Geothermics are also referenced in the monograph. Authors are indebted
to the colleagues, friends and students in the Lab.

Under the auspices of Resource Saving &. Integrated Ultilization Division, SCP and
Resource and Environment Bureau, Chinese Academy of Sciences, a meeting to review
the manuscript of the monograph was held in October, 1991. Specialists (see list
helow) from geothermal commenity of China attended this meeting and valuable sugges-
tions, comments and recommendations were made to improve the manuscript.

Prof. Ren Xiang, Head, Geothermal Committee, China Energy Research Society

Profs. Tong Wei and Liao Zhijie, Department of Geology, Peking University

Prof. Huang Shangyao, Institute of Geomechanics, Chinese Academy of Geological
Sciences

Profs. Wang Dachun and Shen Zhaoli, Department of Hydrogeology and Engineer-
ing Geology, China University of Geosciences (Beijing)

Senior Engineers Zhang Zhengou and Zheng Keyan, Ministry of Geology and Min-
eral Resaurces

Senior Engineer Chu Bin, Institute of Agriculture Engineering, Ministry of Agri-
culture

Senior Engineer Wu Fangzhi, Instutite of Electric Industry, Ministry of Energy

Senior Engineers Zhu Junsheng and Wang Mingwei, State Committee of Planning

Senior Engineer Hu Chengchun, Division of Industry, State Committee of Science
and Technology

Senior Engineer Wang Shizhoug, and Engineer Ju Qi, Energy Research Commit-
tee, Chinese Academy of Sciences '

Prof. Yi Shanfeng, IGAS

Prof. Qiang Zuji from Institute of Geology, State Seismologeial Bureau carefully
reviewed Section 1 ” Tectonic Framework” of Chapter 1 and gave valuable comments.
Prof. Wang Sijing, paid great attention and concern to this monograph. Authors are
grateful to all those peoplé.

Finally, it must be pointed out that this monograph is the first publication system-
atically descriping the geologo-geothermal settings for accumulating geothermal re-
sources in China, their formation and distribution as well as resource potential evalua-
tion. The authors would be happy if this monograph could play an important role in

geothermal study for prospecting and exploration and could be useful to the disciplines
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of Earth sciences. However, owing to the unequal deepness in understanding the afore-
mentioned aspects and the vast area to study, several conclusions should be considered
1o be some sort of inference and deduction. Furthermore, open problems, shortcomings
even mistakes might exist. The authars sincerely wish to receive new comments, sug-
gestions and recommendations.

The publication of this monograph is finacially supported by Publication Foundation

of Chinese Academy of Sciences. The authors highly acknowledge this support.

Chen Mexiang, January, 1993,
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