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Foreword

The Earth is a complex multi-layered sphere, of which the lithosphere is the shallow rigid
sphere made up of crust and the upper mantle.

The primary aim of geosciences is to study and recognize the earth, to guarantee the natural
resources satisfy human needs and make human habitation comfort on the basis of these recognized
rules. In current geosciences, the lithosphere is a newly-developed research subject. It is very
important significance on the probing geological laws, analyzing mineral resource genesis, evalua-
ting geological environment and catastrophes, apperceiving continental evolution to study litho-
sphere, recognize lithosphere, gradually extend the lithospheric data.

For above-mentioned reasons, since 1950s, in order to study and recognize completely the
earth, the International Geoscience Organization have implemented some international cooperation
research projects, such as “International Geophysical Year” . Especially from 1980s on, to make
out the lithospheric constitutes, texture and structure, evolution and dynamical mechanism, the
International Geoscience Organization have implemented such large-scaled international coopera-
tion research projects as “International Lithospheric Dynamic and Evolution Program” and “Inter-
national Lithosphere-Biosphere Program” . In addition, USA, Canada, some states In Europe
have implemented some large-scaled lithospheric research projects. By using of combination of the
geological , geophysical, geochemical methods, the research and survey on the lithospheric tex-
ture and structure and deep processes of the global geoseience transect, important orogenic belts,
and the sedimentary basins have done, and many innovative research results have been obtained,
which make the lithospheric property and genesis be deeply recognized. That becomes the good
basis for establishing the systemic geosciences.

During several tens of years, in China, some magnificent geological survey, geophysical de-
tection, geochemical prospecting, and lithospheric research have been accomplished. The mid-
scaled, small-scaled regional geological survey and aeromagnetic survey have covered with the
continent of all over the country and abut part sea area; about 50000 km geophysical detection
sections by explosion seismic method have been finished, a great lot of geophysical detection sec-
tions by other methods been finished. Since 1980s, China have taken part in the international
lithospheric research project, such as 11 global geoscience transect, ultra-high pressure metamor-
phism and dynamics in orogenic belts, genesis of sedimentary basin, seismic activity all over the
earth have been carried out. Additionally, the 5000 m deep Continental Scientific Drilling Project
has been performed. The geological survey of multi-year accumulates and enriches the documents
and data about the earth.

To systemically review and summarize the deep geology, geophysical survey and lithospheric



studying result, the Ministry of Land and Resource (MLR) constituted and performed a special-
ized research project of “3 — D Structure of China Lithosphere” , which is composed of three em-
phasis research programs; Database on 3 — D Structure of China Lithosphere, 3 — D Structure of
Lithosphere in Some Key Areas and Segments, 3 — D Structure , Evolution and Dynamics of Chi-
na Continental Lithqsphere. The task and aim are: based on current geosciences theory, new
method and technique, to comprehensively study the accumulative lithospheric data and docu-
ments by multi — knowledge, to make out 3 — D structure and the evolution laws of China litho-
sphere, to supply scientific foundation for planning, managing, protecting and utilizing land & re-
source with reason, to supply scientific base for sustainable development of society and economy,
to pioneer and breakthrough for establishing syst‘emically geoscience theory.

There are 14 units that participate in the specialized research project as follows: Institute of
Geology, CAGS, Institute of Mineral Resources, CAGS, Chinese Academy of Geological Sci-
ences, International Cooperative and Technological Bureau, MLR, China Geology Survey, China
University of Geosciences (Beijing) , China University of Geosciences ( Wuhan) , Jilin Universi-
ty, Chengdu University of Technology, Tongji University, Guangzhou Marine Geology Survey,
Shanghai Oil Institute of Planning and Devising, Sinopec, Tianjin Institute of Geological and Min-
eral Resources; Field geological data Center, Information Center of Land and Resources.

All the experts and scholars do their best effort to accomplish the task, and the plentiful and
substantial results have been acquired in each study field.

The Database of 3-D Structure of China Lithosphere, the first one established all over coun-
try, is composed of 9 primary databases, 3 result databases, 2 total databases, 14 sub-databases.
The database has the following characteristics ; large data volume, wide knowledge, advanced da-
tabase software, agile and applied management system. In addition, the data may be shared and
transferred on line, which will be the successful example of the lithosphere research of our coun-
try.

Based on the data of global geoscience transect, the subject group of each key area and seg-
ment has performed the comprehensive research on geology, geophysics, and geochemistry, and
summarized the temporal-spatial relationship of structural characteristics of orogenic belt, sedi-
mentary basin, craton, finally, basically established the visual model of the 3-D lithosphere
structure. The above-mentioned study makes us more deeply recognize the lithospheric constitutes
and structural feature. In east China, between lithosphere and asthenosphere there is a transitional
zone with unconspicuous layer. The lithosphere shows the obvious age feature of upper-older and
lower-younger. In the n.early NS-direction aeromagnetic anomaly area of Qinghai — Tibet plateau,
to the deep section of lithosphere, the nearly NS-direction structural belt is found, which shows
extreme inhomogeneity between the surface and deep section of lithosphere.

On the basis of the lithospheric database and the study of lithospheric structure, focusing on

the subject of “Dynamics of 3-D structure and evolution of China continental lithosphere” , the

comprehensive research and result integration have been preformed a series of maps showing

3-D structure and evolution of China lithosphere have been compiled; lithospheric structural unit
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and structural type of China continent and about sea area have been divided; basic characteristics
of every lithospheric structural unit have been summarized; geophysical and geochemical fields of
China lithosphere have been discussed; substance and chemical structure of China lithosphere
have been studied; numerical modeling of 3-D structure of lithosphere has been done; evolution
and dynamical process of China lithosphere have been discussed.

For adequately displaying specialized research result, and supplying the information about
China lithosphere for related sectors and geological field, we not only have submitted the database
of 3-D structure of China lithosphere, the Atlas of 3-D Structural Characteristic of China litho-
sphere, but also compiled the series books of 3-D structure of China lithosphere based on the re-
search report. These series books include a nationally work, and 8 regional monographs, in which
the lithospheric structural units of all over country and six regional segments, 3-D structure and
evolution of Qinling and Dabie-Sulu orogenic belts are studied.

The scientific research practice and results show that it is a very far-sight for MLR to carry
out the specialized research project of “3-D Structure of China Lithosphere” .

Through carrying out the specialized research project, the database of 3-D structure of China
lithosphere with the current scientific and technique level has been established; the accumulated
great number data about geology, geophysics, geochemisiry have been collected; some data that
may be lost or ruined have been collected, neatened, and displaced ; most of the geophysical sec-
tion data have been re-disposed and re-explained to make more geological information exhibit to
us.

Through carrying out the specialized research project, a batch of high quality and innovative
scientific results have been obtained to decrease the difference of lithosphere research with other
developed states. Through systemically studying the geology, geophysics and geochemistry, the
structural unit and type of China lithosphere have been divided, several characteristics and evolu-
tion laws of China lithosphere reviewed and summarized, several new facts and phenomena found,
3-D structure and evolution processes of China lithosphere deeply recognized. That will become
the basis of some important scientific problems such as resources, environment.

Through carrying out the specialized research project, the scientific research units, universi-
ties and colleges, and geological survey institutes have been combined together, some research
base of lithosphere and scientific research groups have been consolidated and developed, a batch
of young research personnel have been trained. A research team, which is composed of high-lev-
eled aged, mid-aged, and young personnel, must contribute to the large-scaled lithospheric re-
search project in the future.

Through carrying out the specialized research project, a series of important science and tech-
nology problems have been solved and recognized more deeply, some new fantastic phenomena a-
bout substance constitutes and structure of lithosphere have been found, a batch of scientific prob-
lems need to be studied further in the future. In addition, we have accumulated some experiences
on lithospheric research. In the future, these problems and experiences will be used for research-

ers to study the related subject.
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The specialized research project being preformed successfully is related to the whole scientific
personnel’s effort, to every superior sector’s guiding and attention, to every cooperative unit’s sup-
porting. It specially points out that Huang Zongli, Cui Yan, Bai Xingbi from Bureau of Interna-
tional Cooperative & Technology, MLR, Ye Tianzhu, Meng xianlai, Zhang Hongtao and Peng
Qiming from China Geology Survey, Zhang Yanying, Dong Shuwen from Chinese Academy of Ge-
ological Sciences, and Xu Zhiging, Wang DongPo, Geng yuansheng from Institute of Geology,
CAGS, have played a important role in the project performing. Here we honestly express our ac-
knowledgments to them.

These series books with “Database of 3-D Structure of China Lithosphere” and “Atlas of 3-D
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Extended Abstract

The “Composition and Evolution of the Lithosphere In Continental China” is an innovative
subject under the special project of the Scientific and Technological Plan of the Ministry of Land
and Resources “3D Lithospheric Structure of China” ( grant 200010103, 2000—2006) . The
aim of the study was to explore an integrated method for understanding the composition of deep-
seated material of the lithosphere in continental China by combining the geological approach with
the geophysical one, construct a model of the deep-seated material composition that can reflect the
characteristics of the 3D lithosphere in present continental China, analyze and compare the petro-
logical structures of different types of lithosphere in lithospheric units of China, propose a sugges-
tion about the division into lithospheric tectonic units, show the inhomogeneity of the structures
and deep-seated material compositions of the major lithospheric units of China along typical geo-
science transects or regional geological sections and discuss the relations of the lithosphere with
the metallic mineral resources and energy resources according to the frame of the evolution of
lithospheric deep-seated material.

The lithospheric deep-seated material composition is a highly challenging frontier topic,
which is a basic parameter of the lithosphere and the foundation for the study of continental dy-
namics, and Earth scientists of various countries are exploring it competitively. This discipline is
also called material science of the deep interior of the Earth and is a very special branch of Earth
sciences. Iis research calls for the combination of academic thoughts, research outcomes and sur-
vey methods of multiple disciplines relating to the deep Earths interior, such as mineralogy , min-
eral physics, high pressure mineral physics, petrology, rock mechanics, geology, geochemistry
and geophysics. Therefore, in the course of the study, one must widely hunt through knowledges
of various disciplines and assimilate the research outcomes of relevant disciplines. In regard to the
study objectives, we have carried out the following aspects of study.

1. Based on the experimental rock data, including both the chemical composition of rocks
and seismic wave velocities (v, ), regression equations of seismic wave velocities and petroche-
mistry have been derived and their applicability discussed.

2. The sequence of the main geological events in continental China has been defined and
their influences on the major tectonic units in continental China evaluated.

3. Typical geophysical sections and geophysical columns for defining major tectonic units of
China have been screened and chosen according to the unified standards and the lithospheric types
of North China, South China, northwestern China and the Qinghai-Tibet Plateau have been identi-
fied according to the geological characteristics, present geophysical deep structure, geothermal re-

gimes and geomorphological features.
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4. The compositional structures of lithospheric deep-seated material have been deduced and
crust-mantle petrological structures and chemical structure columns of eighteen lithospheric types
in continental China have been established by using the integrated petrological structure method,
i. e. the data of exposed Precambrian metamorphic rocks, igneous rocks, deep-seated xenoliths,
relations between seismic wave velocities and rock composition and Sr and Nd isotopes, combined
with the models of the evolution of the crust and mantle and evolution of orogenic belts.

5. A petrological structure model of the lithosphere in continental China has been constructed
for the first time on the basis of the established petrological structure columns and five types of
lithosphere, namely, cratonic type ( Yangtze, Ordos, Tarim), orogenic type ( the Kunlun
Mountains, Tianshan Mountains, Altay Mountains, Qinghai-Tibetan Plateau, Yanshan
Mountains, Da Hinggan Mountains, Nanling etc. ), rift type (plains and continental shelve of
eastern China etc. ), island-arc type (Taiwan, the Japanese Islands chain etc. ) and marginal-sea
oceanic-crust type (the South China Sea), are distinguished in continental China according to
their dynamic natures.

6. According to the present features of the lithosphere, combined with the geological evolu-
tion, the ages of formation of materials and structures of lithospheres of different types and differ-
ent areas are discussed in details and the inhomogeneity of temporal-spatial distribution of the
crust-mantle petrological structure of the present lithosphere in continental China is displayed.

7. According to the modes of occurrences of metallic deposits and oil-gas fields in continental
China, combined with the lithospheric setting, the relationships of the lithosphere to large-scale
metallogenesis and occurrence of oil-gas fields have been discussed and the indicators of large-
scale metallogenesis are proposed.

8. Some problems such as the Meso-Cenozoic dynamic background and tectonic units in con-
tinental China are discussed.

The main preliminary conclusions in this monograph are as follows.

1. Based on the experimental rock data, including both the chemical composition of rocks
and seismic wave velocities (v,) and an analysis of the factors affecting the seismic velocities of
rocks, data features and data screening, the regression equations of seismic wave velocities vs.
Si0,, quartz, quartz + feldspar and the differentiation index (DI) have been derived. The compo-
sition calculated by the dada of seismic velocities of geoscience transects indicates that the average
petrochemical composition of continental crust of continental China is granodioritic with its acidity
higher than that of the global average crustal value, which is because the lithosphere in continen-
tal China has undergone repeated orogenies. The average crustal compositions in western and east-
ern China are both granodiorite, and comparison shows that the acidity (5i0, =65. 12% ) of the
crust of eastern China is a little higher than that (SiO, =64.32% ) of western China. In eastern
China, the highest acidity (SiO, =65.98% ) of the crust is recorded in South China, next comes
that (Si0, = 64.88% ) in North China, and the lowest value (Si0, =63.18% ) is found in
Northeast China. In western China, the acidity (SiO, =65.43% ) of the average crustal composi-
tion in the southwest is a little higher than that (SiO, =64.88% ) in the northwest. The cause of
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