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XV AN GROUND FISSURE AND THE DISCIPLINE OF GROUND
FISSURE AS A NEW BRANCH OF EARTH SCIENCES

Geng Dayu

( Seismological Bureau of Shaanxi Province, Xi’an, China)

Abstract

The classification of various ground fissure disasters, and the pre-
liminary studies on the causes of various ground fissures were made
on the basis of comprehensive research of ground fissures in Xi’an city.
The macro-distribution of ground fissure disasters in China was map-
ped briefly, but more detailed in Fen-Wei Basin, where the fissure
disasters are severe, The tasks on ground fissure research were put
forward, In theory, the special laws should be studied, about how the
ground fissures are unstable, propagate and stop in homogeneous, soft
shallow soil-layers of the earth. In practice, the practical techniques
should be provided to protect environment, resources and city plan
from damage caused by the fissure disasters. Furthermore, some basic
information may be given to benefit the earthqauke prediction research
and geothermal energy development, The tasks should be undertaken
by a new branch of earth sciences—Groundfissurology, which will be
born in the beginning years of IDNDR(International-Decade for Natur-

al Disaster Reduction) .

Introduction

Xi’an ground fissure ( XGF) has become a special environmental
and geological disaster. With its tremendous power of damage and
heavy economic losses to the district of Xi’an city, it is drawing pub-
lic concerns of the whole society. Look back in the history, there
were documental records of ground fissures occurred as early as four
thousand years ago. Now the XGF are the outcome of evolution from
the archaic ground fissures,

In the world, the disasters of ground fissures are not unfamiliar,
and rather distribute extensively in some area. Ground fissures, are
complicated in genesis, differ in nature and form ( Xie Guanglin, 1989).
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- XGF-disaster is the typical one of various ground fissure disasters in -

~

China. A general remark about ground fissure disasters is given here
so as to enable the readers to understand the problem systematically.

' 1.‘.ﬁdround Ffissures, a special kind of environmental and geolbgical disas-
ter frequently encountered

Ground fissure is the surfacial fracture of the earth’s crust
which can be seen on the ground, The media as a whole of crustal
surface layer is broken in its continuity and integrity due to the
actions of the earth’s endogenic and tectonic processes, or even human
activities, And most likely, the genesis of Ground fissure is a conse-
quence of the combined action of them.

.~ Ground fissures and faults differ in many aspects, the former is
on .the‘ground with small dimensions, while the latter is under ground
with large dimensionsy and the former has multigenesis,while the latter
is ‘due uniquely to the tectonic movement. But ground fissures may
have connections to the tectonic faults. It may be the outcrop of act-
ive fault, or induced by the movements of the secondary faulting., Its
disastrous effect may occur without earthquake events, and mostly
revealed gradually as the case of creeping of active fault,

Although the behaviors of ground fissures include all the phenomena
by the discontinuity of the media of the earth’s surface leyer we disc-
uss only the ground fissures which may cause severe disastrous effects,
As for the ground fissures which are less disastrous and have small
range of influénce, for example the ground cracks resulted from the
imptroper or ill administering of ground fundation in construction, are
not included here,

2. The classification of ground fissures

A, Tectonic ground fractures

Ground fissures due to the actions of tectonic movements are
known as tectonic ground fissures, According to the various kind of
tectonic movements, the tectonic ground fractures are distinguished as
following three kinds mainly,

Earthquake ground fissures

Appeared in the events of tectonic earthquakes as the earthquake
intensity weére about 7 or higher, The scale and damage effects incre-
ase while the earthquake intensity increases,

Volecanic ground fissures

Prior to the eruption of volcano,the ascending media of the earth’s
crusta] shallow layers with high pressure may lead to the formation
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of .vrolcanic ground fissures which look like radial from the crater. Acc-
ording to the different eruption patterns, the ground fissures may be
formed differently,

Creeping fault ground fissures

Induced by the creep-slippage of the active faulting movement, the
influencial range of this kind of ground fissures is determined by the
scale and the creeping rate of the active faults, Sometimes they may
occur along the outcrop of active faults, and sometimes they may be
the small secondary faults of the chief active faults themselves., The
disastrous effect under the influence of other harmful factors may he
very serious,

B. Landslide ground fissures

Resulted from the instability or slip, of the land slope. The types
of tand slope and the types of instable movements of landslide may be
various, However, the ground fissures and their developments are
usually recognized as the forerunner, or warning sign of the landslidi-
ng movement,

C. Subsidence ground fissures

Formed in the process of land subsidence, The types of land subs-
idence ground fissures include faulting-subsidence ground fissures ( rel-
evant to underground cavity ), and ground subsidence ground fissures
(relevant to the over tapping of underground fluid such as oil, gas
and water ), The former usually appears as ground fissures developing
with high speed, and is followed by faulting-collapse, the latter prod-
uces ring shaped ground fissures around the center area of ground
subsidence,

D. Specific soil ground fissures

Resulted by the special physical nature of theground surface soil.There
are two types of soil frequently encountered, namely the soil with the
nature of dilatation and the soil with the nature of shrinkage when
they meet moisture, The specific characteristic of this kind of ground
fissures is that the range is confined in the soil layers and usually
relevant to the ground surface water,

E. Meteorological ground fissures

[t is intimately related to the meteorological factors, This kind of
ground fissures may divided into many types,such as rain-waterlogging
ground fissures, drought ground fissures, and frozen ground {issures,
etc,

I', Multigenesis ground fissures
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Resulted by the combined actions of two. or more genescs listed
above, - - : "

3. A bird’s view of ground fissure disaster in the world

Ground fissure disasters are all around the world,According to the
preliminary statistics, in America, New Zealand, ltaly, Soviet Union,
Turkey, Mongolia, Japan, Mexico, Switzerland, Peru, Germany and
Canada, various kinds of ground fissure disasters have ever appeared,
causing the collapses of constructions, the breakages of highway or
railway, and the evaporation from the crack in the drought farms,
Worthy of note, much more ground fissure disasters are related to the
human activities, therefore,the International Decade for Natural Disa-
ster Reduction (IDNDR ) should also pay attention to the reduction of

ground fissure disasters,
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Fig.1 Distribution of ground fissure disasters in China
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4. A general summary of ground fissure disasters in China

Ground fissure disasters distributed all over our country. In recent

years, several thousand spots were hit by them, covering a area of

600,000 km, The kinds of ground fissures locating in each province of

China are shown in Fig. 1.,

5. A general survey of ground fissure disasters in the Fen-Wei basins

Fen-wei Basins ground
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Fig. 2 Distribution of ground fissure

disasters in Fen-Wei Basin

zone, distributed along the
Fenhe river and Weihe river gr-
aben, where normal active fau-
Its are abundant, is the most
disastrous and typical ground
fissures in China. In recent se-
veral years, ground fissures ap-
peared in more than 50 counties
along the Fen-Wei Graben wh-
ere the severe damages have
been brought. Just in Xi’an
city the total economic loss is
more than 20 million yuan, fu-
rther more, XGF has resulted
ground water pollution. Fig,2
shows the distribution of grou-

nd fissure disasters in Fen-Wei

Basin, A brief is given here according to the kinds of ground fissures.

A, Tectonic ground fissures

The Fen-Wei River valley is an inland tectonic graben where the
stretching structures of normal faults are developed with wvertical
differential movement and inclining movement, Tectonic ground fissures
are imparted all of the features of this normal faulting movement,
Most of the ground fissures distributed along in the same direction of
neighbouring active fault, Tectonic structures have a controlling infl-
uence upon the ground fissures,

B, Slide-collapse ground fissures

Loess and slide distributed extensively about some thousand spots
in the Fen-Wei Basin, In addition, rock or soil collapse and slide are
frequent around the brink of the Basins, So apart from the extensive

distribution, their forms are complicated as a characteristic in this

‘region, In consideration of.the heavy losses of both economy and

‘hamsdan lives every year incurred by landslide disasters, monitering and
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warning of the danger of slide-collapse ground fissures based .on the
researches of this discipline are of significance,

C. Subsidence ground {issures

Both faulting subsidence ground fissures and surfacial layer subsi-
dence ground fissures exist in the Fen-Wei Basin., The former mostly
appears in the area of cavities left by coal minings the latter mostly
appears in the district where groundwater has been over tapping. In
the forthcoming years accompanying the extraction of oil and gas in
the north Shaanxi province, ground fissures of this kind are anticipa-
ted, Consideration about countermeasures are necessary.

D. Multigenesis ground fissures

The causes of XGF are typically multigenesis as the cases of ground
fissures in Fen-Wei Basins, as well as in the world at large. In addi-
tion to the basic features of tectonic ground fissures, there are displ-
acements of ground subsidence superposed on it, and waterlogging
subsidence ground fissures also appeared on some fragments in the
ground fissure zone, In the multigenesis of ground fissures, a single
cause may be essential which determines the nature and form of the
ground fissures, and other causes are secondarily important. However,
in some circumstances the less important causes may be the decisive
factors, or triggers of disasters., Moreover, human activities usually
play a considerable role in the process of ground fissure disasters,

It seems that the occurrence of disasters is infuenced partially by
the unrestricted demand from the nature. Hence the solution of disas-
ter reduction problem not only depends on the researches of natural
sciences and applied technique, but also relies upon the study of social
sciences and administering methods.

8. The significance of the researches of XGF disasters and the counter-
measures against them

A. The economic development in Xi’an region has seriously influe-
nced by ground fissure disasters. The development of ground fissures
shows an unfavorable tendency, the damage is expected to increase. It
is obvious that the researches in this kind of geological disaster and
the engineering countermeasures against it are of great application
value. Practice proved that the preliminary disaster reduction measu-
res suggested by our lnstitutes and other scientific and production
departments cooperatively have gained considerable economic benefit, It
may be anticipated that the further researches into this problem and
the widely spreading of engineering countermeasures will enormously
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reduce the loss from ground fissure disasters.

B, XGF belongs to the Fen-Wei Basin ground fissure system. Since
they are typically multigenesis, intensive researches into the problem
of ground fissure disasters will throw light on the general study of
the various kinds of ground fissure diassters in the Fen-Wei Basin,And
can be used for reference in many other places where the ground
fissure disasters are being studied,

C. Because of the fact that activities of ground fissures bring to
us the information about the variation of the physical and chemical
properties of the earth’s crust from deeper layers, therefore it will
facilitate some researches, e.g. earthquake prediction, the exploitation
of geothermal energy resources, and protection of ground water from
pollution.

D, The research on ground fissures will promote the development
of Fracture Mechanics., It’s well known that Fracture Mechanics is a
discipline on the law of emerging,propagating and stopping of fissures,
The fractures in some homogeneous media e.g. matel, rock etc. have
been studied, However, the ground frssures occurring in the shallow
layer of the earth, where the media are inhomogeneous, i.e. both soil
and water as well as gas exist in the same place concerned by us,
have not been studied. To solve the fracture problems complicated like
that, we should set up some new models of the media and widen the
field of classical Fracture Mechanics, Besides the theoretical research,
we should develop some new practical technique to protect civil engin-

eering from the damage of ground fissures

Summary

Ground fissure disaster occurs widely in the world, Accompanied
by changing our environment unplannedly, it occurs more and more
frequently. Now, it is high time to treat the disaster seriously.
The comprehensive research on XGF will make a foundation for a new
branch of Earth Sciences, “Ground-Fissures-logy” , which will be a
borderline subject linking Fracture Mechanics,Seismogeology, Geophysics,
Engineering Geology, Catastrophology, Systematic Engineering etc.
The principles of the multidiscipline will be developed to solve
various problems of ground f{issures. It will get achievements both
in theory and in practice, and not only to discover the law of the
disaster, but also to give the technological countermeasures to mitig-
ate the damage, It will be born in the beginning years of IDNDR (Int-
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ernational Decade for Natural Disaster Reduction).
Thanks to professor Guo Zengjian and professor Li Yongshan,
who have enlightened me much in this work.
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