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Foreword One

Prof. Wang Jiyang is among the first carders of geoscientists educated in China,
who graduated from the Department of Hydrogeology and Engineering Geology. Beijing
Geological Institute (now China University of Geosciences) in 1956, where 1 used to
teach geophysical explorations for mineral resources. I have been called tutor generally
by the then students including those specialized in hydrology, among whom, Prof.
Wang, even though I had not taught them classes. T am pleased to write this foreword
because it is from one of the early members in our alumni.

As we all know that, geophysics, and that of the solid earth in particular, is
composed of six subjects that address gravity, magnetism, electricity, heat and radiation
of the earth jointly. As compared to other subjects, geothermics is relatively lagged
behind in its progress. This is not because it is less important, but due to the fact that
geothermal measurements require deep boreholes, which has somehow limited its
growth. If we take the year 1939, when the first batch of terrestrial heat flow values
were published by Prof. Bullard of Cambridge as the beginning of theoretical geother-
mics based on field measurements, it has existed only 75 years.

Pioneers of geosciences in China have always emphasized the significance of
geothermics. As early as 1950s, Prof. Li Siguang (J. G. Lee) formed the first geother-
mal research group in China within the Institute of Geomechanics, Chinese Academy of
Geological Sciences. He also sent young scholars to study geothermics with Prof. Lubi-
mova in the former USSR. In the mean time, they drilled a borehole of 500m deep, in
the granite body in Fangshan of suburban Beijing, to measure down-hole temperature.
About the same time, Prof. Zhang Wenyou, then director of Institute of Geology, Chi-
nese Academy of Sciences, also established a geothermal research group within the Divi-
sion of Structural Geology in his institute. However, no heat flow values could be
obtained due to the lack of thermal conductivity measurements on rock samples. Geo-
thermal study was not a hot topic until the beginning of 1970s, when geothermal energy
was emphasized as one kind of renewable energy resources and Prof. Li timely launched
“Heat from the Earth”campaign. It was from that time that Prof. Wang Jiyang and his
colleagues began to carry out geothermal studies in a comprehensive manner. After
efforts of about a decade, they obtained a large amount of down-hole temperature meas-
urements through various geological and mining projects in the country. In the mean
time, they focused on laboratory construction and established thermal conductivity

measurement apparatuses including HY-[ , Geothermal-[[ types that could measure
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thermal conductivity in steady or non-steady state. They measured thermal conductivity
of cores from boreholes with down-hole temperature data. After careful screening and
assessment according to the standard procedures set up by the International Heat Flow
Commission (IHFC), they obtained the first set of terrestrial heat flow values in China
and published them in the first issue of Acta Seismologica Sinica. The publication of
this batch of heat flow data has not only marked the birth of theoretical geothermal sci-
ence in China, but also informed the international geothermal community of its exist-
ence, Consequently they were later on included in the Global Heat Flow Compilation by
THFC.

There is a story to tell about this batch of heat flow data. The paper was first sub-
mitted to the Chinese Journal of Geophysics and Prof. Fu Chenyi, the then editor-chief
of the journal had already commented it and corrected the non standard expressions-
Chinglish in its English abstract. Prof. Gu Gongxu. founding editor of the Chinese Acta
Seismologica Sinica , realizing the existence of this manuscript, insisted on publishing
its in “his” journal! It is quite obvious that the two top-level geophysicists in China both
paid special attention to geothermics and both offered fair treatment of research work of
young people from a non-geophysical background.

1 am pleased to note that Prof. Wang Jiyang and his team of geothermal researchers
have made remarkable progress in the past 30 years. Firstly, the scope of research has
been expanded to include thermal structure of lithosphere, thermal regime of the crust
and upper mantle, and further to the inter-comparison of continental versus oceanic geo-
temperature fields in global scale. Secondly. the applications of geothermics have been
broadened to include not only geothermal resources and geothermal hazards in deep coal
mines, but also oil and gases as well as paleo-global change. Thirdly., methodologies
have been improved from conventional geological and geophysical ones to include finite
element modeling (back in the 1980s). In basin research,they revised the thermal evolu-
tion model of pull-apart basins first proposed by Mckenzie in 1978, More recently, they
have established a thermal evolution model that is applicable to foreland basins. It is no
doubt that Prof. Wang and his team have become one of the leading research groups in
the international geothermal community nowadays. This book in front of you is com-
posed of highlights of key geothermal research achievements of two generations of geo-
thermal scientists in China in the past several decades. It is worthy to read this book

timely.
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Foreword Two

Geothermics is a fundamental science but finds many areas of applications in the
mean time. Well known geoscientists in China have always promoted the development of
geothermics. In the 1950s, the first geothermal research group was established in the
Institute of Geomechanics by Prof. Li Siguang(J. G. Lee), who also sent scholars to
study geothermics in the former USSR. Prof. Zhang Wenyou formed a geothermal
research group in his division of Structural Geology at the Institute of Geology. Chinese
Academy of Sciences. back in the 1960s. He considered that “gravity” and “heat” are
the basic driving forces for the development and evolution of the Earth. During the glob-
al oil crisis in the early 19707 s it was a booming worldwide to develop new and renew-
able energy resources including geotherm. It is obvious that geothermal energy is an in-
digenous energy resource with many advantages. It is emphasized by most national gov-
ernments. late Prof. Li Siguang was a strong promoter of geothermal energy. Prof.
Wang Jiyang and his colleagues began to study geothermal energy and [ormed a Geother-
mal Research Division at the Institute of Geology in 1978, The division focused its ef-
forts on basic research on geo-temperature fields at the global and regional scales, ter-
restrial heat flow measurements. thermal regime of crust-upper mantle. thermal struc-
ture of the lithosphere as well as the thermal regime and thermal history of the Earth.
In the mean time, it has engaged in applied research on various practical subjects such as
geothermal resources exploration. geo-temperature field and geothermal hazards preven-
tion in deep coal mines, thermal history and evolution of oil and gas basins, geothermal
background for methane hydrates., paleo-climate reconstruction from borehole tempera-
ture. With the efforts of nearly 40 years, Prof. Wang and his team have made a series of
achievements and the book in front of us. summaries the key results of research by two
generations of geothermal scientists in China.

Viewed from the emerging earth system science. geothermics not only links
spheres. but also connects time and space. It is well-known that. since the 1980s, the
international geo-scientific community realized that it is necessary to study the earth as
an integral system. including atmosphere, hydrosphere. biosphere, lithosphere and
even the mantle and core. Only in this way. key geo-scientific issues like global climate
change, global carbon cycle can be resolved. The key of earth system science is to col-
lectively consider the different spheres of the earth and to observe interactions among
them. With respect to time scale, it is necessary to expand the study from present day

processes to early stages of earth, or further to the origin and evolution of planets in the
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whole solar system. It is so-called *connecting time and space”. Geothermics is closely
related to the two key scientific issues of earth system science. due to its extensive scope
of rescarch and practical nature of applications, Taking this book as an example. it deals
not only with the origin and evolution of the Earth’s heat. but also covers heat transfer
in the Earth’s interior, with a comparison of it with other planets such as Mercury. Ve-
nus and Mars. It discusses not only the thermal regime of the crust and upper mantle.
but also the thermal structure of the lithosphere, including mantle plume originated
from the boundary between the core and the mantle. In the application aspects, it has
not only a good coverage ol paleo-geotemperature. thermal history and evolution of sedi-
mentary basins. but also includes reconstruction of paleo-climate using geotemperature
data. The scope and approaches of this book reflect the concepts of earth systems sci-
ence. which is not so common in international geo-scientific studies.

I have been a colleague of Prol. Wang [or many years. As former director of the
Institute of Geology. Chinese Academy of Sciences. 1 witnessed the birth and growth of
the Geothermal Research Division, Today they have not only achieved scientific results.
but also educated the second generation of geothermal researchers. As is indicated in the
preface. the book chapters have been written mainly by the second generation ol geo-
thermal researchers. which shows a very positive sign of continuation of geothermal
research in this country.

On the occasion of the publication of this book, T would like to congratulate Prof,
Wang on his eightieth birthday. Prol. Wang is a famous geothermal scientist. who has
made outstanding contributions not only to the pure-science geothermal research, but
also to the economic development of our country through applied research in geother-

mics.
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Preface

It is my strong desire to write a monograph on Geothermics for many years. This is
because that: firstly, it is understood that geothermis is not only a basic discipline in ge-
osciences, but also an intersected one in geosciences. Secondly. there is no such a mono-
graph neither at home nor abroad so far describing not only theoretical part of geother-
mics but also applied ones. From the existed monograph on geothermics it is obvious
that the content seems to be either over-simplified, or over-loaded. Furthermore, the
basic definition sometimes is not clearly given. For instance. they could not distinguish
the term “heat” and “temperature”. And hence, the term “geo-temperature energy”
appeared in Chinese literature instead of *geothermal energy”. In [act. “heat” is energy
but “temperature”, only a measure of heat energy. Thirdly, with the development of
science and technology, the content of geothermics is changing with time too. For
example, the geothermal studies for methane gas hydrate are a newly emerged discipline
in applied geothermics. And many new subjects in theoretical geothermics are appeared
with the rapid development of “Earth System” and “Future Earth™ sciences.

I was born in 1935 and next year, I would step into 80 years old. According to
Chinese tradition, there should be a celebration for this big event. However, owing to
the situation nowadays, 1 told to my exPhD students that it is not necessary to hold such
a formal celebration ceremony and instead of that, we would write a book to memorize
it. All my exPhD students agreed to and supported my idea and started to work on this
monograph entitled “Geothermics with Its Application” early this year.

The Monograph is divided into two sections with 11 chapters in total. The [irst sec-
tion with 5 chapters is devoted to theoretical geothermis and the second section, applied
geothermics. In the first section, the basic conception of internal heat of the Earth and
the definition of the heat transfer were given (Chapter 2), followed by terrestrial heat
flow in continental area of China (Chapter 3) and in marine area (Chapter 4). Chapter 5
is given to global heat flow and Chapter 6, thermal structure of the lithosphere. In the
second section, geothermal resources were conducted (Chapter 7), and geothermics of
oil-gas bearing basins (Chapter 8). geothermics of methane gas hydrates (Chapter 9),
geothermics of mining areas (Chapter 10) plus geothermics of global change (Chapter
11) were described respectively.

It must be pointed out that the most authors of the monograph are my exPhD
students and/or former post-doctorates. At present, they are the core members in geo-

thermal community both at home and abroad and carrying out various key R&.D projects
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in geothermics. It is no doubt that the results of their scientific activity are included in
each chapter and the authors are responsible for the contents.
Finally, I would like to thank to Profs. Liu Guangding and Sun Shu, both of them

generously gave their preface to this monograph.

Wang Jiyang
May, 2014 in Beijing
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