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Physical Mechanism of Groundwater Related Earthquake Precursors

Yaolin SH] (Graduate School, Academia Sinica, Beising, China); Yongxian ZHANG,

Guommn ZHANG (Center for Analysis and Prediction, 358, Beigng, China)

Groundwater related earthquake precursors, such as groundwater level,
groundwater temperature, chemistry and Radon content, have been wadely reported,
1t has been found in China that long—ierm anomalics usuaily take the form of tlow
variation, while thort—term anomaiics orlen show abrupt changes, Anomaiics do not
appesar on all observavon weils before majpor earthquakes and ampiitudes of anomaly
have no simple correlation with the distance between the well and the epicenter, there
are so called sensitive wells which probably 18 located at special structural location.
Mechanism for the anomalies is not clear and the phenamenal complexity makes it
difficult to recognize the anomaly before the occurrence of great earthquakes. A study
of the mechanism i expected helpful for understanding the characleristics of the
anomalies,

Dilatation is belicved 10 be of essential importance for production of earthquake
precursors. Induced microcracks with preferred orientation under external load lead
to macroscopic anisotropy. Therefore, based on experimental data, anitotropy
constitutive relation for dilatation rocks wat summarized and is incorporated into fi-
nile element analysis to calculate stress and strain near faults under tectonic loading.
Porous water Now driven by difTerential pore pressure due to volumetric deformation
#s well as heat / mass transfer by the Mow arc also calculated.

Computational results indicate that increases in regional tectonic stress can yield
weakening and ercep of faults, which in tern can cause lurther stress concentration

-and brake out of majr carthquakes. Dilalation car_occur at. both the..main
seismogenic faull and other faults ncarby. Groundwater is driven by volumetric
dcformation and complex time—dependent anomaly pattern can be produced related
to geological structure. Short—term snomalies are closely related 1o local
hydrogeology. These findings are useful for anomaly recognition and layout of obser-
valion network.
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Precursor activities of the eruptions of Nyamuragira, Zaire

K. V¥afula®, N. Zans®, T, Janssen®. T. Mavonge® and M. Kesahara®®
® Depart. Geoph., CRSN-Lviro D,S. Bukavu, Zaire
#e Research Cent., Earth, Pred., Fae. Sc., Hokkaldo Univ,, Japan

The activity of Nysmuragira volcano {in Yirunge zone was
Inveastligated wusing selsmic, geomagnetic and pgeodellc methods.
The Investlgation perlod includes seven eruptive eplscdes of this
volcano. The resulls obtalned are summarized as followve:

- Selsmicily: Data are collected at 4 selsmlc stations located
sround the tvo sctive volcanoes -Nylragongo &nd Nyamursgira- and
Lvire station aboul 100 km away. We noticed Lhat the -“current
selsmlic activity is usually conflined arocund the Nylragongo and
Nysmuragira fleld. The cumulative energy curves show a steep
increase of about 6.2x1016 ergs, about 3 months oprior to &an
eruption. The slope of the curves Increase several weeks before
the eruptlon. The frequency of events with high eamplltude
fncreases gradually as the eruptlion approaches. An earthquake
svares I8 observed few days before lhe eruption

~Geomagnellien: From geomagnectic surveys ve have notliced that (he
spatial distribution of recent cones of HNysmursgira colncldes
with zones of low local geomagnelic ancmalles, this suggesls the
exislence of demasgnetized rocks al shallow depths due to the
sagmatlic Intrusion,

= Geodesy: The geodelic meagurements performed every two years
en the Nramuregire crater shov the progressive Inflation of its
craler. A good correlstion have been found between the directlion
of the maximue {Inflalion and the location of the fulure cone

We may conclude that a good comblnation of selamic
geomsgnetic and geodetlc surveys appear as a poverfull toecl for
the prediction of volcanle eruptions of Nyamuragirs
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LANDSLIDES AND RELATED PHENOMENA OF THE STIGLIiAMO TOWN (BASILICATA, SOUTHERM ITALY)

SUERRICCHIO, A, (%), MELIDORO, G. [®*)
(*) (Dept. of Soil Conm., Univ. of Calabriaj; 1**) (Eng. Geol. snd Gectechn.nstit,

Univ. of

Bari, Itaiy).
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Landslide mapping in the world
Presiding:

Earle E. Brabb, Stanislav Novosad and Norio
Oyagi

-

Abstract

The ancient town of 3tiglianc rests on che inner boundary of the Bradanic Fors
deep, in the exteérnal atrip of the 3outhern Apennine. Some paris of the rfown wera
bullt on bodies of large ancient landalide. T™e oldest quarters nas been destroyeg

by large landslides. The remains nf "hem resting on a calcarenitic plate, whtich

averlies inateble argillitic flischiold formations, are undergoing further dilsinfe-

gration.

The main landelide typen tnclude ™ lateral apremdinga = of the rock mmames on
the argillitic moils and ofher types such as slusps and slipa vary often passing tc

long and wide multiple flown.
A detailed map of the landalides 1s presented.
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MASS MOVEMENTS HAZARD MAP OF MAGNESIA REGION (CENTRAL GREECE)

Ef. LEKKAS (Depariment of Geology, University of Atheni)

Detajled anatysis of afl landslides which took place in Magnesia region (Central
Greece) showed that the factors reasponsible for their demonstration were the lollowing

A The Geological conditions and especially the presence of soil materials on metamorphic
{ormations

B The action of surfacial water and especially the linear erosion along the torrents

C The action of underground water which decrease the geomechanical prianieters.

D Morphological slopes and discontinuities

E. Human activities and insertions such as land depilation, remaoved of natural supports,
extra burden e te

‘The action of these factors in every single arca, has different importance and role in
the begirning and evolution of thess phenomena. As a result it it possible to map them in
thematical maps at a scale of 1109000 The elements taken (1om the mars were inserted in
a computer and with a landslide hazard a synthetical map (wale 1100 005) was composed.
In this map we can distinguish four areas with dilferent hazard and concretely:

A Section of high landslide hazard, where the demonstration of the landslide is extremely
possible when one of the previous [actors take place. The region in the Northern section of
Pilio mountain fall into this section

B. Scction of medium landslide hazard where the demonstration of the landslides is possible
when two of the previous factors 1ake place. The area of Neochorion belongs in this section
€ Secticn of low landslide hazard where the demonstration of the landshi-frr v possble
only when many factors take place in the same time. The region of South Pilie (all into ths
section

D. Sectien without landslide hazard, where the demonstration of these phenosmena is cuire-

mely difficult or impossible. The area of Tisseon mountain and plain arcas are enlisted in
this scctor.

1t i3 possible 1o make a landslide hazard map in every arca after analvsing anl elabo-
rating the factors respensible for the landsiides 1t is also possible to use this map for
urban planning and also for planning of large scale techical peojects.
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LANDSLIDE INSTABILITY ASSESSMENT AND HAZARD MAPPING
USING GIS TECHNIQUES IN THE
LOESS OF NORTH-CENTRAL CHINA,

Bdward DERBYSHIRE'", Tom A, DUKSTRA', Shu-Qiang WANG', end David J. UNWIN'

" Deparrment of Geography, University of Leicester, Leicester, United Kingdom
? Geologica! Harards Research Institute, Gansu Academy of sciences, Lanzhou, P.R. China.

ABSTRACT

Mass movements in the Loess Plateau of Gansu Province, P.R. China, form a recurrent
hazard causing considerable damage to mfrastructure and severe loss of life. Loess consists
mainly of silt-sized quantz panticles. Both cohesive and cementation bonds occur, 8o thet in
8 dry stere, loets sustaing vertical walls up to 20 m high. Under moist conditions, en the other
hand, loess is prone 10 liguefaction, and catastrophic failure may occur.

Strong deinand for land, mainly used for agricultural purposes, has resulted i 8
landscape where even steep slopes (up to 357 are atificially terraced. Irrigation is widespread
(precipitation & 350 ==/ evaporation £ 1500 =%/.) and the subsequent increase in moisture
content. of loess slopes ofien leads to slope instabuiy,

To assess the existing loess slupe Instabuity a landslide dmsbase has been created.
Statistical analysis of this database has provided mn mventory of the environmental factors
affecting inass movement in this region. The results have been projected on to a Digitsl
Elevation Model (DEM), derived from s SPOT stercopair and from digitized contour lines.
Spectrdl informstion from LANDSAT/TM images is used to add verisbles to the emisting set
A combining of specual informetion and DEM varisbles (degree of slope, aspect, and
clevation) allowed the creation of algorithens from which the distribution of loess thickness,
bedrockfloess interface topography, and locss layer morphology have been calculated.

Overlays containing all varisbles have been combined in & rule-based GIS The
generated output consiats of a locss mass movemem susceptibilty map and its derivative, &
locas mass movement hazard map.

The research prograrmme is funded by the EC (contract No CT 10109 UK(HN Use of
remotely sensed imagery and developnient of the rule based GIS (by S.Q. Wang) was fund=d
by Marconi Space Systems (UK) Lad.
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