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Foreword I

Under the effect of various external stresses, a set of strata or a rock mass de-
forrmed and resulted in the formation of various geological structures,which have been
observed in field at any time and described in textbooks. How these structures were gen-
erated? Since the beginning of this century, many investigators,such as those in West
Europe ,North America,and former Soviet Union,and even in Japan have observed,stud-
led,and explained the genesis and development of some geological structures by using
leboratory modelling and experiments. These efforts are greatly helpful in understanding
their formation and related tectonic frameworks in the nature.

Professor Li Siguang had established an experimental structural geology laboratory
in the 1930s in China, and performed various modelling experiments, cbtaining many in-
teresting results. Following him, Professor Zhang Wenyou gave an enormous impetus to
this experimental research. Mr. Zhong Jiayou,as a capable assistant of Prof. Zhang,car-
ried out the practical work for a long time. Zhong has mastered various experimental
methods and hence obtained various results. In connection with his field observations ,he
inferred stress fields for several geological structures in China with gratifying achieve-
ments. During last years.delivering his lecture on experimental structural geology, he
read vast foreign literature of this discipline. He digested and adopted new information,
and then wrote the book Experimental Structural Geology and Its Application, consist-
ing of 14 chapters, with more than one hundred of figures and 40 color plates. This
book is voluminous and rich in contents. It is indeed a first initiative work in China and
an elicitation for Chinese geologists.

For this reason,I strongly recommend this book to readers and write this foreword.

Huang Jiging
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Foreword 1

Professor Li Siguang established a discipline Geological Mechanics in China,while he
advocated and participated in modelling experiments of structures. This is directly relat-
ed with his schooling and working in his youth. As 15 years old, he went to Japan to
learn shipbuilding, which provided him a sound basis of material mechanics and deforma-
tion analysis. While 23 years old,he went to Britain to learn mining industry and then
geology. Especially,in the 1920s the British basic theory of geological structure was in a
leading position. It led him to form a long-cherished wish to closely connect mechanics
with geology. After returning home,he led our group to investigate in field on the one
hand, and developed laboratory modelling experiments on structural deformation on the
other hand. At that time we together with Zhang Wenyou,Deng Yushu,Xu Yijian,Chen
Qingxuan and others,were engaged in the experiments. During the anti-Japanese war the
working conditions were bad,but we had to economically establish our laboratory and
develop some experiments on joints,faults and various torque and kink structures. It be-
came the first basis for structural experiments in China and sowed a seed of mechanical
experiment in geology of China. After 1949,the seed with plenty of vigour took root and
blossomed in many scientific research sectors and universities and colleges.

Professor Zhang Wenyou, following the pioneer, Professor Li Siguang,continued to
push the experimental structural geology forward. In connection with a large amount of
field observations and practical data from production, he worked out many plans of mod-
elling experiment research. Mr. Zhong Jiayou,working with Professor Zhang for about
30 years, has practically performed them During ten years after the death of Prof.
Zhang,Mr. Zhong continued to design and perform a large amount of new experiments.
In general, he has been diligent and conscientious in devoting himself to experimental
research of geological structures for about forty years. This book is a summary of his
forty-years work. From it we can know how an experimental structural geologist inter-
prets and understands various phenomena of geological structures. It is believed that it
gives an elicitation and imagination for geologists,especially for those who do not per-
form structural experiments.

The book deals with modelling experiments on basic structural elements,such as
joints,faults and folds and photoelastic mechanics experiments, As well as experiments
on multiple composite deformation,from monolayer deformation, to multilayer deforma-
tion, from single material to composite materials and from microscopic structural phe-
nomena to global-scale structural phenomena. It includes a large number of experimen-
tal data diagrams and photos,and uses about 300,000 Chinese words in explaining and

demonstrating.

I wish that such a experiment more links with field geological practice in order to
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explore the regularities of structural deformation, which can be used in ore prospecting,
crustal stability evaluating and other environmental geclogic study. The comparison of
experinental and field structures is necessary. This can speed up the advance of this dis-

cipline, will be rapidly developed, a way related with real matter,creativity ,and devel-
opment. |

I write this foreword as I felt after reading the draft.

Sun Dianqging
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Preface

The Earth has been moving from time to time since its formation. The history of its
development confirms the reality of the movement. After the great revolution of geology
during the 1960s,the hypothesis of continental drift revived and followed by new con-
cepts on sea floor spreading,plate tectonics, terranes,etc. Meanwhile, tectonophysics,
geodynamics and others entered a new stage of their development. But they all, regard-
ing the Earth as a deformed body, devoted to studying various rocks, different strata in
characters and scales,and different sedimentary-tectonic structures and their association
patterns,and also to study various regularities of deformations under the effects of shal-
low or deep,unified or local stresses. From the contents involved,the mentioned above
various studies must have a comprehensive approach. Thus some new disciplines and
branches of sciences,such as experimental structural geology, petrolegical geotectonics,
and sedimentological geotectonics,have just grown in the process of multidisciplinary in-
terconnection and interaction. But they all are based on studies of deformation field of
geologic structures,since that when one grasps the deformation regularities, especially
when one reconstructed the structrues from the regularities, the invisible deformation
processes of geological bodies and their deformation mechanisms will be present before
our eyes, The experimental structural geology is just an approach to study,analysis,and
reconstruct the deformation process.

The main research contents of experimental structural geology are various deforma-
tion patterns of the crust including physical modelling and mathematical simulation of
different-scale geological bodies. It attempts to study variation regularities of various de-
formation patterns remaining in exposed rocks and to get their reconstruction,i. e. , the
main purpose of the experimental structural geology is not only to model the formation
processes of various tectonic phenomena,but also more important to observe their mor-
phologic characteristics expressed in every stage of their deformation process and their
relation to boundary conditions,material properties,and relationship between depth and
pressure. As the modelling enables us to observe not only the formation process of vari-
ous structural patterns,but also their controlling relations at changing experimental con-
ditions,it makes the observed deformation phenomena in rocks and the experimental re-
sults more close to the reality,i.e. , it enable us to explain the genetic environments of
rock deformation patterns in the crust,applied force ,movement direction ,stress distribu-
tion, stress concentration,stress transfer,and deformation rate ,etc. Especiaily, because
the formation process of various tectonic phenomena is a long geologic process, the
whole deformation process of rocks under the pressure cannot be observed with eyes.
The deformation history can only be inferred from the results recorded in crustal rocks.

The whole process of their deformation is still difficult to understand, although we can
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understand lithological characteristics, morphologic patterns, microstructural variation,
and deformation features in deformed bodies at every stage by observing natural rock
outcrops and by other means.

The famous geologist pioneer of geologic structure modelling experiment James
Hall (1761—1832) had realized firstly the formation processes of various structural pat-
terns in modelling experiments. Since then the modelling experiment methods have been
applied more widely in structural geology. He had modelled the formation process of
folding using stacked cloth and then constructed a fold model from stacked wet clay.
Daubree (1877) emphasized study of mechanical properties of joint shearing faces and
extensional fracture faces. Willis (1893) studied fold mechanism of Appalachian Moun-
tains -and suggested the formation features of competent and incompetent rocks in the
process of folding, establishing a concept of dependence of fold types on rock proper-
ties. But the structural modelling experiment wasn’t given sufficiet attention in the eigh-
teenth century. In 1920, after Willis, Adams made a flow experiment of marble under
compression. Hobby (1914) carried out an experimental study on formation and devel-
opment of arcuate structure and its shape. Mead (1920) made a modelling experiment of
fold formation process on wax at room temperature. S. Tokuda (1926) performed a
modelling experiment on Japan island arcuate structures near Japan Sea. Li Siguang
(1929) had modelled some typical tectonic patterns occurring in East Asia. Riedel
(1929) modelled fracture of wet clay under simple shearing. At the same time Neven
carried out a modelling experiment on the formation process of salt dome. Cloos (1930)
modelled the formation process of Rhein Graben using wet clay.

In the late 1950s,the modelling experimental studies had gradually become prevail-
ing. But a complete set of experimental analysis methods hadn’t been established for re-
vealing the genetic mechanism of modelled various structural patterns and for selection
of various similar conditions. In general, many questions remained to be solved. Since
then, till the late 1980s, the research work of experimental structural geology took a
long step forward in both theory and methodology, a new breakthrough. The modelling
is divided into, physical modelling and mathematical simulation. The former provides a
visual formation process of structural patterns and hence is called pattern modelling. Tt
includes modelling of various basic tectonic patterns,such as folds,faults,joints,grabens
and modelling of large-scale tectonic systems,such as collision zone,nappe structures,
mantle upwelling ,transform fault, studying its generation,development and evolution.
The latter is to theoretically study the formation and evolution history of various tecton-
ic phenomena and to provide quantitative results by using computer modelling methods.
But from the experience of tens years,the author considers that two branches must be
connected and closely cooperated,because the selection of various parameters for physi-
cal modelling is a basis of mathematical modelling, which in turns must be tested by
physical modelling, and the acquisition of data in physical modelling depends also on
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mathematicad modelling. Famous Sweden tectonophysician, Prof. Ramberg (1968) has
carried out an integrated study of both physical and mathematical modelling. He per-
formed a lot of modelling experiments to advance geotectonic theory. But his study was
mainly on the mechanism for folding and also on the mechanism for mass convection in
the mantle by the effect of earth’s gravity field. Germen Handin (1972) and Lognn
(1978) in the Tectonophysical Centre of Texas A & M University,U. S. A. performed
experimental modelling on undeformed rocks placed in high-temperature and high-pres-
sure vessels for studying fold and fault and other structural patterns, observing fabric
variation in rocks during deformation process. Britain geologists McClag and Ellis
(1988) ,French geologist Cobbold (1990),and German geologist Schwarz (1982) ,used
sand boxs or sand models,shear machines, extensometers or compressors for modelling
various types of structures and obtained valuable results.

Therefore, experimental structural geology is a high-integrated science branch,
which involves a wide scope of multiple disciplines. Structural geology is based on
petrology, stratigraphy and paleontology. Experimental structural geology must be con-
nected with mathematical and physical sciences,such as elastoplastic mechanics, materi-
al mechanics, metal physics,geochemistry. This is because the deformation mechanism
of rocks in the crust depends mainly on temperature, pressure,and time (i.e. ,deforma-
tion rate),of course, including the spatial geometry of environment in which the rocks
are located. In order to get similar deformation conditions in laboratory to those of the
nature, the assumed conditions must ensure the formation of studied deformation phe-
nomena. Since the deformed bodies are often“discordant”or “unconformable”,appearing
as “phase”or “phase transition zone”. these uncontinuities must be considered in struc-
tural modelling.

The author considers that experimental structural geology is to model the similarity
of various structural patterns and accordingly to make an inversion of their formation
process to explain the genetic mechanism of various existing tectonic patterns. For this
purpose,a set of research methods and analysis contents must be established. In order to
obtain results more close to actual situation, study and analysis of field phenomena is an
important and most basic work. It is necessary to fully understand individual and region-
al structures that will be modelled. In other words, the method of historic analysis and
mechanical analysis should be applied a method to connect formation and deformation,
or construction and reworking. This was often emphasized by Prof. Zhang Wenyou.
When we well know tectonic background of a region,including its deformation history
reflected in planes and on profiles,we can find out stress acted on deformed bodies by
analysis of deformation characteristics of regional or local structures. Thus, We not only
can reasonably explain the field tectonic phenomena, but also can work out an exact
method for experimental physical models. Meanwhile,the following data are necessary,

too: paleogeography, paleogeomorphic, paleotectonics lithofacies change, sedimentary
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structure, geophysics (including seismic sounding and gravity),mechanical analyses of
joints and faults, and spatial association pattern of folds and microstructures. Most of
preocous modelling was concentrated on specific structural patterns, from fold or joint
patterns in hand specimens to a local or regional fold or fault, or even to a fault zone or
a fold belt tens to hundreds kilometers long. But few or no experimental studies under
complex boundary conditions had been well developed. The recent approaches for struc-
tural modelling, at home and abroad, including those we have developed in many years
practice work,can be used not only in modelling structrues under complex boundary
conditions,but also in comprehensive analysis of experimental results of microfabric de-
formation in connection with various kinds of experimental methods. And the relation
between dislocation and structure of single mineral or single crystal can be studied at
high-temperature and high-pressure conditions. Moreover, experimental study of defor-
mation of intact rock itself,including determination of mechanical properties of rocks,
experiment on rock creep,and rock fabric analysis were also carried out. These results
are very important and valuable for modelling of deformation of microstructures and
deep structures in the earth’s interior.

In addition to the experimental study of arcuate structure by Prof. Li Siguang,
Prot. Zhang Wenyou since the 1940s, performed many experiments on faulting and fold-
ing processes to reveal the regularities of fault generation and development. In connec-
tion with actual geological structures in China and in the world, he suggested a block
tectonics theory. Under the direction of Prof. Zhang Wenyou, the author had first es-
tablished a tectonophysical modelling laboratory in Institute of Geology,Chinese Acade-
my of Sciences and carried out experiments on many kinds of materials for study of dif-
ferent structural patterns by using different methods. Now our experiments can be made
not only for study of genetic mechanism of folds and faults,but also for modelling com-
posite structures and for studying deformation regularities at different pressure condi-
tions. We have designed a set of modelling experiment devices of our specific style based
on different performances of existing domestic and foreign experimental devices,such as
rotating shear device designed in 1962 and multi-function modelling device with heat ef-
fect designed in 1990 etc. However, experimental structural geology is still a new science
branch. It needs to be perfected by further combination with other sciences. Geology has
a much more wide practiced area than others. It makes experimental structural geology
prosperous. Many experimental structural geologists,including engineering geologists
and seismologists, tend to engaging in tectonophysical modelling. Thus the prospective
of such science branch is encouraging.

Completing the work is unseparated from the direction and encouragement before
my teacher,Prof. Zhang Wenyou’s death. The author would like to thank Prof. Huang

Jiqing, Prof. Sun Dianging, Prof. Ye Lianjun, Prof. Liu Dongsheng, Prof. Ma Zongjin,
Prof. Wang Sijing,and Prof. Yi Shanfeng for their concern and encouragement in the
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process of my writing. Profs. Huang and Sun wrote the forewords to the wotk, Prof. Ma
presented his valuable comments.

Publishing this work is surpported with finances by the fund of Dirctor of Institute
of Geology, Chinese Academy of Sciences and Engineering Geomechanics Laboratory,

Institute of Geology, Chinese Academy of Sciences.
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