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PREFACE

Clay mineralogy is a young branch of mineralogy. The study on oil — bearing clay
minerals is getting more and more important to the deeply search for deposit environment,
layer comparison, oil and gas generation—migration —maintenance and caprock evaluation,
and other petroleum geologic items. It has an extraordinary effect to the safe drilling,
protection of oil and gas—bearing layers, speedup the drilling and raising the recovery ratio.

The Tarim Basin is one of the most important oil and gas — bearing basins in our
country. Since 1989 the Tarim Petroleum Exploration and Development Headquarter came
into existence, large — scale exploration for oil and gas has been conducted and a great
achievement obtained. A systematic research is getting wider and deeper along with more
and more geologic data have been stored. Following the clay mineral analysis to Kekeya oil
and gas field in southwest Tarim in 1983, a systematic clay mineral research on entire basin
started in 1994. During the past five years, the authors of this monograph finished a
meticulous analysis and a fine study on more than 10, 000 samples. And gratifying
achievements have built up a solid foundation for this book.

In Section one (Chapter 1~3), a basic study on clay minerals in Tarim Basin, include
mineral types and their mineralogical features, was comprehensively described. 7 group and
more than 30 combination of clays in the Basin were analyzed. It expanded the range and
quality of the similar studies in China as well as in the world. In Section two (Chapter 4~
9) the main distributions features of clay minerals in Tarim Basin, and a characteristic
vertical distribution from lower Paleozoic to Cenozoic were summarized. A convincing and
original idea on its formation mechanism and condition emerged. Section three (Chapter 10~
11) is on the application of clay minerals. The author clarified the use of clay minerals in
petroleum geology and also in oil—bearing layer protection with great significance.

This monograph is substantial, full and accurate in content. It is not only theoretically
and applicably valuable to the exploration and development of oil and gas in Tarim Basin,
but also enrich the experience of a summing —up evaluation of clay minerals for their forming
condition. It may be rated as a good piece for clay minerals both on its academic and applying

values.

Xu Ji—Quan
20009 B10H
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FOREWORD

Clay mineral is one of the most abundant natural minerals on the earth, almost accounts
for half of the lithosphere and weathering — crust. It is main component of shalestone,
important cement of sandstone, and more or less a part of carbonate, metamorphic and
volecano clastic rock. Clays are the finest minerals in nature, with a diameter less than 2 pm.
There are two—type clays, crystal and non—crystal. Crystal clay minerals have a basic two
— dimensional feature, with layered structure. It has a large specific surface and peculiar
characters in surface charge, cation exchange, organic matter absorption, hydrated
expansion, and environment sensitivity etc. Owing to its distribution universality, unique
crystal structure and physical chemistry features, and clay minerals is closely linked to the
petroleum geology and oil — bearing layer protection. It is also widely used in timbering,
chemical industry, agriculture and food fields. In the movement of science and technology,
extensive studies on clay minerals have been carried on. And its effects for economic
development have arrested more and more attention.

The Tarim Basin is the largest oil and gas — bearing basin in the continent in our
country. To explore and develop it benefits and accelerates the exploration of west parts of
China very much. Along with the progress of oil and gas prospecting, the geology research
of the basin expanded continuously. The studies on clay minerals in this Basin started in
1983. During the year analyses on clays in Kekeya oil and gas field in southwest Tarim Basin
had been done. When the Investigate Joints for Tarim Basin were set up in 1985~1986,
studies on clay minerals in north and mid Tarim expanded during 1987~1989. Since 1954, a
comprehensive and systematic study and integrate research have been done. Authors of this
book started from basic work on clay minerals in this Basin. They collected and integrated
original data, identified more than 8, 000 sampies in good conditions by one — by — one
analyses to over 10,000 sample according to the criteria issued by our petroleum ministry. A
unified and standardized qualitative identification as well as quantitative calculation was
carried out. Sample sources locate in tectonic units in Kuga depressions, Northern Tarim
uplift, North — Part depressions, Central uplift, Southwest depression, Tanguzibas
depression and Southern Tarim lift, and all layers from Neogene to Sinian. For some critical
samples, in addition to routine XRD and SEM, other analytical tools such as IR, DTA,
TEM, ED, EPM, f{ull chemical analysis, Mossbaure spectrophotometer, lattice image,
specific surface and cation exchange etc were carried out. Based on such a comprehensive
study, 11 kinds of clays were sorted out for their mineral features. And this monograph is
well—grounded on enormous numbers of original data and systematic analyses to them.

This book is divided into 3 sections, 11 chapters. Section one is the basic research part
composed by 3 chapters, the selection and treatment of samples, types and features of clay
minerals, and combinations of clay minerals. Section two described the distribution and
formation of clay minerals, composed by chapter 4 the outline of geological background of

v



Tarim Basin, chapter 5~ 8 the distribution features of clay minerals in Lower and Upper
Palaeozoic, Mesozoic and Cenozoic groups respectively, and cha}ﬁtcr 9 the forming condition
of clay minerals in Tarim Basin. Section 3 breaks into 2 chapters, include the application of
clay minerals in petroleum geology and protection to oil and gas—bearing layer.

For this book, Zhao Xingyuan, Yang Fan and Luo Juncheng finished collection and
integration of data and selection of samples. Zhao Xingyuan finished consistent
identification, data screening and illustration drafting. Luo Juncheng and Yang Fan finished
data processing. Zhao Xingyuan and Yang Wei finished vertical distribution plan and Yang
Wei finished transverse map. Chapter 1~4, 9 and 11 are written by Zhao Xingyuan; chapter
5~8 by Zhao Xingyuan, Luo Juncheng and Yang Fan; and chapter 10 by Zhao Xingyuan,
Yang Wei and Sun Yushan. Zhang Baoming, Yang Wenjing, Xu Zuxiong, Wei Bache, He
Jinfa, Wang Zhi, Gao Qingin, Xing Yonghua, Peng Gengxin, and Wang Huanzeng also took
their parts in writing this book. In addition, Li Yuping, Di Hongli, Xi Qin, Wang Chunhe,
Yu Xiugin, and Li Xiaoxia give their hands. The whole book is finally compiled by Zhao
Xingyuan.

This book is a complementary and revised edition based on the project report 'Clay
Minerals Features and Appliocation in Tarim Basin’. The vice engineer —in — chief Luo
Chunxi organized and directed the research project. And he carefully gave an overall
examination and revise on the report. The report had won the second science and technology
prize awarded by Tarim Basin Qil Field Headquarter. It was evaluated internationally
advanced.

During the research and book compiling, vice commauder Jia Chengzao, section chief
Gong Fuhua, Zhong Xiaoli, Xiang Jianmin, Mai Guangrong, and dean Wang Zhaoming
provided care and help. Finally several experts in clay mineral, Professor Xu Jiquan, Zheng
Zhi who is the council member of International Association for Clay Research and senior
engineer Yang Yaxiu instructed the compiling. I gratefully acknowledge the efforts of all
these persons.

Owing to the limited academic level of the author, this book is still tentative and

incomplete. I earnestly look forward to hearing from readers.

Authors
2000. 10. 20
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