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GEOHAZARDS AND ENGINEERING GEOLOGY .EGAC 95

HAZARDS EVALUATION DURING EMERGENCY SITUATIONS

Carlos A. Forero- Duefias. = INGEOMINAS, Colombia. Research Student, Imperial College of
Science, Technology and Medicine. London, UK
Anthony 1. Booth. Faculty the Environment. University of Westminster. London, UK

ABSTRACT

Geoscientists have among their missions to analyze the stability conditions of areas triggered by natural
hazards, handling the especial circumstances which follow immediately afier the beginning of an
emergency situation. The job is not a simple one having many facets to be considered, it being
necessary to go beyond the basic technical matters. Ecological considerations about interactions
between culture, biosphere and physical environment must be taken into consideration to ensure the
benefit of a geoscientific evaluation.

Some steps are recommended in relation to the role that Geoscientists can have in those situations with
special reference to landsliding, including field methods, techniques to use, and the organization and
interpretation of information that come from several sources, including confusing reports based on the
people's imagination. One of the common responsibilities in these situations is to guide the National
authorities in taking crucial decisions such as evacuating the population. Even if the hazard hits areas
with hazard plans, commonly it 1s necessary qualify or confirm the state of possible shelters, as well as
the location of strategic points such as heliports and operative and coordinating centres.

Because commonly first order hazards can dcvelop several more, as in the case of landslides and
avalanches tnggered by earthquakes, actrvity must be concentrated on the prediction of additional
hazardous areas. A classification system to present an Emergency Hazard Zonation is proposed.

The careful observation of the post disaster situation is encouraged, both for a better assessment dunng
the emergency, and to use in more formal studies later.

The field application of these principles is shown in studying the effects of the Earthquake of june 6th
1994, which hit the Paez River basin in Colombia.

1- INTRODUCTION

When dealing with natural hazard evaluation perhaps one of the most difhicult activities is related to the
analysts of emergency situations. Modeling nature is difficult in any circumstance, but especially when
the time is pressing,.

In order to fulfill the task of assessing the imminent risk to people and facilities it is necessary assemble
highty motivated multidisciplinary teams, taking the best of many sciences that can contribute the
building of the complex model of a geohazard evaluation.



A major objective of the above teams might be the creation of emergency susceptibility zonation
maps.

2- EARTH, ENVIRONMENT AND ECOLOGY

With the winds of environmental protection and sustainable development, it seems to be a different
attitude of the man towards the environment, changing from feeling the rightful conqueror to become a
protector. The technical understanding of the environment demands a proper knowledge of its complex
components, and hence no single science is able to cope with this goal alone.

The Ecology deals with the study of the interactions between life forms and the environment (1,2). The
Environmental Science studies the mechanisms of environmental processes, being interested in
understand them but also having the goal of contributing to their solution, becoming then also an
applied science ( 3). With this frame of reference, is worth to understand our position as earth scientists
within the ecology and the environmental sciences, having clear that the physical environment analysis
is hnked to the other components within a given ecological system.

The former consideration has dramatic importance, in the case of emergency situations when attached
to the scientific or technical evaluations are several cultural consequences with social, economic and
political implications.

The complexity of the environmental sciences deserves that the problems being considered within a
definite broad and multidisciplinary context. That sort of investigations must not be considered a luxury
anymore, but a necessity ( 2). There are already some examples of the mamage between ecology and
specific scientific disciplines, as in the case of biochemistry ( 4), producing a whole new scientific area
named ecological biochemistry or chemical ecology.

Because its wide interest, the ecology is within most of the scientific fields. specially in the applied ones,
when the environment is part of the earth surface phenomena and must be included in the analysis. The
earth sciences, dealing with the physical environment, can be also located under the broad umbrella of
the ecology. Names as Ecological Geosciences or Geoscientistic Ecology could be a solution to put
together the efforts of the geoscxennsncs in felds known today as environmental gcology, engineernng
geology or geoenvironmental engineering, usually dealing with the same problems using similar or
complementary tools and techniques making themn more similar day by day .

To feel all us under the same umbrella, could be a solution to the final junction in the efforts to deal
with the earth related problems which affects a given ecosystem. In solving environmental problems,
there is a big urgency to put together what the specialization is taking apart ( S). Ecological
Geoscientistics must have an open and creative mind to integrate the knowledge of each of the
disciplines involved in the multifacet, complex problems related with the physical environment.

We are able then to apply the available knowledge, building a model representing a given earth science
problem. As example, the theory of Croll of the ice ages linked astronomy with geology, oceanography
and meteorology producing an interactive explanation ( 6). In constructing a model to give an
approximate representation of a real situation, we are aware that the theories give a point of view of
nature to assemble in a comprehensible form the essence of a variety of related observations concemning
physical phenomena ( 7).



3- ELEMENTS IN AN EMERGENCY SITUATION
3-1 GENERAL ELEMENTS

Due to the nature of the geoscientific evaluation during an emergency situation, the ecological frame is
a suitable place to be located; concerns about the interrelationships between the organism and its
environment acquire dramatic importance.

The technical assessment of the physical conditions will produce a basic layer over which the relevant
social and cultural aspects of the specific region of study also must be taken in consideration. This is a
practical guide to facilitate the express application of our geoscientific conclusions, dmmishing the
waste of valuable time, critical to save lives and avoid further disasters, delaying practical decisions.

In the evaluation of the physical environment, either during an emergency situation or in long term
hazards evaluation, a fundamental component is the geologic factor, and its understanding requires a
broad-based comprehension of the earth sciences and other related disciplines ( 8); so according to the
specific problem we can use disciplines such as : soil and rock mechanics, hydrology, hydraulics,
oceanography, meteorology, physics, chemistry, seismology, structural engineering, and the
geologic-related disciplines that can be useful including hydrogeology, tectonics, geomorphology,
sedimentology, geophysics, geochemistry, glaciology, and volcanology among others. Terms as
environmental geology, engineering geology, geotechnics, and geoenvironmental engineering are

complementary and supenmposed, having the goal of build the global model of the ecological
geosciences.

The cultural aspects involved include ethical, economic, politic, aesthetic and religious elements and
their interaction controls in great extent the way the man perceive and respond to the environment ; in

some cases it is not easy to put them an economic value, as in the case of environmental intangibles
such as the pleasures of outdoors expenences (8).

3-2 TECHNICAL EVALUATION

The hazard or probability of occurrence of a magnitude of a dangerous phenomenon within a given
time in a given place, is not an easy element to calculate, even in long term studies when it is possible to
include most of the vanables and there is time to make the probability calculations. For that reason, in

emergency situations it is common to make an approxmation to the hazard value, by estmating the
Susceptibility

It is not possible to give a sole procedure to the hazard or susceptibility evaluation dunng emergency
situations, taking into consideration the various possible geohazards such as volcanic eruptions,
carthquakes, landslides and floods, all of them having the possibility of occurrence in quite different
environments, and having different consequences. You should also bear in mind that the different
worldwide regions of occurrence may have quite dissimilar quantity and quality of relevant technical
mformation. In spite of these variations, general guides are possible.

EVENT MAGNITUDE

In practice , when the forces of the nature alone or with the intervention of man hit a given region,



some possibilities can be considered with regards to the magnitude of the effects. One is that the
consequences are Very Important, when are effects on populated areas, or on non populated but
strategic areas for reasons such as economic, environmental, or infrastructure importance. The
opposite case is when a natural hazard hits a Low Important region, unpopulated and
with low strategic value. There are  intermediate possibilities between them. Usually, the
governmental  interest, specially in less developed countries follows this scale of importance
when assigning resources to the attention of emergencies.

Of course, that since the geoscientific point of view any event has an intrinsic scientific value, wherever
it be located, as its study is of great importance in the understanding of the global behavior, preventing
future disasters in more strategic places. This is perhaps more in agreement with a pure
environmentalist viewpoint, to which the preservation of an hostile desert could be as important as the
protection of a rain forest.

In terms of population damage, the urban areas of our civilized world are critical places because of the
number of inhabitants that can be hit by a geohazard, deserving special care from the geoscientists.
Man has located many cities close to water sources such as lakes and rivers, and in addition to the
normal geohazards that must be evaluated, attention must be paid to the fact that have being common
to have watercourses covered up by the urban development; also some cities have old mine shafts
beneath as source of catastrophes ( 9), being potential hazards that can attack alone or tnggered by
more regional events.

ORDER OF THE EVENTS

The triggering or First Order events such as earthquakes, volcanic eruptions or rainfalls, can hit a given
area developing Intermediate events such as erosion, landslides and stream damming, ending in some
cases in High Order events such as flooding and avalanches ( 10). Tsunamis can also be considered as
intermediate events, Also, there are other cases , as in the case of landslides as high order events
trniggered by erosion.

Since big events such as the first order ones only occur infrequently, as extreme events have a very
low probability of occurrence, we can think that after the triggering event has happened we can make
the emergency evaluation of the physical medium starting with the immediate effects of the trigger, but
awaiting for intermediate and high order hazards which can occur some time later depending of the
local environmental factors.

In the case of earthquakes, the aftershocks should be monitored by means of a seismic network being
able to prevent the field geoscientistic and the population about the possibility that the first earthquake
had been the premonition of a coming big event . In spite of its danger, the collection of field data is a
vital technical support for decision making to the Government and the National Systems for Attention
and Disaster Prevention .

Also in the case of earthquakes, the event produces immediate consgquences as structural damage on
houses, buildings and infrastructure, and over the physical medium, beirg necessary t¢ go to search for
intermediate and high order events such as damuning in the streams that can develop catastrophic events
such as avalanches. In some cases, the earthquake can develop debris flow as an immediate
intermediate event, without the existence of a dam, avoiding to take any special evacuation policies
hence affecting huge areas and producing many casualties.



AVAILABLE INFORMATION

The technical information available can be very different. Essential elements to be requested are: has
the region a hazard map already done?, if the answer is yes then follow to see its specific purpose ,
constitutive elements and scale. To have clear the geologic context of the region is a pnmary goal. Is
possible to have a hazard map for volcanic activity in a region affected by an earthquake, being
necessary to take the pertinent information and make the field corrections to the new trigger.

The topographic maps are also key elements. They give us ideas both of the circumstances of possible
intermediate and high order events such as damming, landsliding, avalanches and so on and also about
the areas under risk such as lowland places inundated by rivers or debris flows. The slopes usually are
a controlling parameter in the unstability development and in the understanding of the direction of
movement of earth masses and flows.

To have available data from remote sensing techniques before and after the event is a quite useful tool
for the technical evaluation. If is possible obtaining aerial photographs immediately after the emergency
it is important to use them in the emergency evaluation as well as in possible additional long term
studies.

FIELD ACTIVITIES

The field activities usually cannot last as long as you could wish, and experience in similar situations,
the practical training and local knowledge of the area are key elements in understanding the
environmental consequences of a geohazard. The interdisciplinary complement is of great importance
in this regards, as in the case of working teams of experienced geologist and trained geotechnical
engineers , producing practical assessments about slope stability including back analysis estimating local
average conditions at failure, structural damages on buildings and infrastructure and so on.

In the case of landslides, the steep slopes, areas of drainage concentration and seepage, landforms and
materials susceptible to landsliding, areas of concentration of fractures and bedding planes, areas with
historic and recent landsliding, and land use effects are important elements to cover. It is worth putting
special effort in the analysis of Quaternary and weathered deposits ( 11,12).

In any case, but specially in areas with low technical information, the personal camera is a valuable tool
and when it is possible to make helicopter shots the pictures can be the base for sketching our technical
evaluations.

3-3 COMMUNICATING RISKS

CULTURAL ELEMENTS

This is a complex subject which deserves expert assessment; however it is possible to make clear some
of the basic ideas. Cultural aspects not always easy to evaluate make difficult the task of predicting the
public response; frequently there are differences between technical and cultural dimensions and
perceptions of risk ( 13). The university curriculum in Geosciences should consider the inclusion of
formal lectures in this topics, not at least at undergraduate level but as a duty in post graduate courses.
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The so called conventional meaning of risk communication neglects cultural themes, being necessary to
have an Intentional or Directed meanig towards specific audiences, the population under risk, looking
for behavioral changes ( 13). To understand the cultural expressions that can worth consideration ,
field activities should allow the exchange of ideas with the population getting information about their
own perception of the emvironmental problems. As an example, there are cases where traditions of
indian cultures and religions bonds their individuals with the land and nature ; this would make difficult
to persuade them to move from even highly dangerous areas.

Superstitions can be also the source of erroneous information and descriptions about natural and
disaster situations, also controlling the behavior of the people. Men are prone to this when they ignore
the laws of chance and probability, and superstiion appears when there is an apparent connection
between impressive events which coincide by chance is done ( 14).

DATA PRESENTATION

Common action after each day of work is to make a review of the observations with the technical team,
in the light of local and regional geoscientific considerations. After that follow meetings and discussions
with govermmental representatives, which can be at national. regional or local level according to the
magnitude of the disaster, and also with delegates of the local authorities and the community. In that
way, the final conclusions of the situation can consider some socio cultural considerations and wont
arrive at the final user as an tmposition.

The hazard evaluation will show a result which is often summanzed in maps. The final users being the
local planning offices, the local branches of the disaster organizations and the public. The presentation
should be appropriate to them, their needs and capabilities, being the product easily applicable to
decisive actions conceming most critical areas, shelters and temporary heliports location and immediate
corrective or preventive measures if any. The user may or may not have technical background, so the
final map must be translated from technical geoscientific terms, to equivalent common language
descriptions ( 12).

With the restrictions of time and the usual limitations of technical data, the presentation of more than
three zones in an emergency evaluation is not common. Besides apparently well defined safe and
unsafe areas, an intermediate one when the situation is not quite clear could be included; that practice
can also clarify our situation as technical evaluators of extremely complex environmental situations
when the exact answer is not always found . Usually there is a useful visual impact in the presentation
of the maps, when the red color is used over more unsafe areas, the green color over more safe places
and the yellow color is over intermediate complex situations only discernible with detailed studics.

As is well known, some problems are not easily recognized in field evaluations. This should be make
clear to the users of the study conclusions. We as geoscientifics are the most qualified professionals to
perform the evaluations but the task is complex and is possible to have doubts and also give analysis
with some limitations.

4- FIELD CASE. THE PAEZ EARTHQUAKE

4-1 THE EVENT
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On june the sixth, 1994, an earthquake tnggered the southwestern part of Colombia, with the epicenter
zone in the municipality of Paez, in the Cauca Department; the event had a 6.4 magnitude in the
Richter scale, being of surface character at about 10 kilometers depth, affecting the basin of the Paez
niver, and surrounding sectors, causing multiple human casualties, and severe damages to the physical
environment, houses and infrastructure.

Ingeominas, the Colombian Institute of Investigations in Geosciences, Mming and Chemistry, with the
coordination of its Geoenvironmental Enginecning Area has the duty of evatuate the geohazards, and
was in charge of the technical evaluation. The National Seismologic Network, which Ingeominas
operates , located the epicenter at 2.9 degrees north latitude and 76,08 degrees of west longitude. Up to
june 30, the network located about 800 aftershocks with Richter magnitude up to 4.8 ( 15).

4-2 EMERGENCY EVALUATION

GEOLOGIC FACTORS

Colombia, located in the northwestern corner of South America is subjected regionally to a complex
field of stresses as product of the tectonic interaction of the Caribbean, Nazca and South American
plates, having many sources of energy release in the subduction zone of the Pacific border as well as in
multiple fractures inland. The country has three dominant positive topographic elements known as
Western, Central and Eastern cordilleras, associated with the Andean System. The epicentral area was
located in the eastern side of the central cordillera, which is mainly composed of precambric and
paleozoic metamorphic rocks intruded by batholiths and stocks; tectonically is himited at the west by the
regional faults system known as Romeral.

The Paez earthquake was ongnated in the Moras Failure System, which includes elements of high
angle following a general N40O°E direction, ten kilometers southwest from the Nevado del Huila
Volcano. The local tectonic emplacement of the epicentre also is complex and seems to be related to
the intersection of more than one single failure; the aftershocks monitoring of events greater than
magnitude 2.5 shows a narrow band of about 10 kilometers wide and 40 kilometers long with a local
N25°E direction, that could encompass the rupture zone.

The epicentral area included a varety of geological matenials ranging in age from Paleozoic to
Quaternary. The materials have been formed by decp magmatic processes, by contribution of lavas
from the Nevado del Huila volcano, by metamorphism, and also include sedimentary materals.

EVENT MAGNITUDE

The event caused severe landsliding processes on the rocks and sediments which were already saturated
because of high rainfalls which preceded the earthquake; the Volcano is 5365 metres high and the
epicentre at around 2500 m.a.s.l., facilitate the mass movements. Part of the unstable material run slope
down towards the drainage system, including the San Vicente, Moras and Simbola rivers, startmg a
progressive accumulation process of materials in the form of a debris flow centralized in the main
discharge canal in the Paez river. The height of the flow vanied between 10 and 40 meters over the
normal river bed, demolishing everything in its way including the total destruction of bridges , access
roads and little villages such as Irlanda and Toez (where the time gap between the trigger earthquake
and the debris flow arrival was only around five and ten minutes respectively), and the partial damage
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of the municipality of Paez, among others. Some of the matenals reached the Magdalena river traveling
up to the Betania reservoir , one of the most important of the country. The event magnitude was
classified as Very Important.

ORDER OF EVENTS

The event sequence of the disaster was evaluated as follows. The First Order, trigger element was the
earthquake. Some contributor elements were: type , state of geological matenals, high rainfalls, and
land use.

The direct consequences were landslides as an Intermediate Order event, and structural damages on
houses , roads and bridges.

Without evidences of important damming, part of the landslides were accumulated in the River Paez,
shaping a High Order Hazard known as debris flow, which caused most of the casualties and the
damages to the regions located along the slopes of the rivers. The estimated maximum velocity of the
flow was around 50 kilometers per hour in the upper basin close to the epicentre, with a progressive
lowering downstream, being around 30 kilometers per hour close to the municipality of Paicol, at about
seventy five kilometers downstream the Paez river.

AVAILABLE INFORMATION

There was a hazard map against possible mud flows coming from the Nevado del Ruiz volcano in the
Paez river basin but not covering the specific problems of the case under analysis. Regional geological
maps were available, but without enough detail to be readily used in the emergency evaluation,
especially in local details. Topographic bases on 1:100.000 , 1:25.000, and some 1:10.000 scales were
available in parts of the epicentral area. Continuous seismologic information from the national network
was a great support.

FIELD ACTIVITIES

Teams of geologist and geotechnical engineers with experience in similar evaluations were placed at
critical points agreed with the national disaster prevention office, using helicopters. Overall and specific
flights were done, the relative stability of the physical medium was estimated, collecting some samples
for the Geotechnics laboratory, doing also the general description of structural damages on houses and
infrastructure; those were useful to establish the epicentral intensity. Walking trips around each
dropping point allowed quick stability assessments to be made; photographs were taken at each site.

OFFICE ACTIVITIES

After each journey there were discussions of the observations at the centre of operations in the city of
Neiva, out from the hazard zone.

CULTURAL ELEMENTS

With the support of members of the national disaster prevention system, surveys were carried out (o
understand the local feeling towards the situation. Also in situ it was necessary in several occasions talk
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with the population, many of them from the Paez indians tribe, to explain our mission and the mamn
local hazard factors.

Nightly meetings with the community were done, being aware then about the location of special points
of interest such as sacred and religious places ; simple explanations were made of the geoscientific
advantages of the modeling of geohazards . Some specific field missions were done to clanfy
informations coming from superstitions, including appearance of smoke and sulphur smell that the
population related with spirits

DATA PRESENTATION

The approximate hazard zonation was made both on local and regional scales. Some of the local details
were presented in the form of sketches. Three levels of relawve susceptibility were defined in both
scales, using the red (non suitable zones for living), green (most suitable areas for living) and yellow
(non clear stability zones which deserves more study) color convention in the maps . Each zone
representing the summary of the different possible present or potential hazards.

The emergency evaluation allows the Government to take direct actions and make decisions upon a
geoscientific basis. A formal study was suggested to confirm or adjust the first hand evaluations. Some
special recommendations were made with regards to the installation of alarms systems against debris
flows; the volcano observation was also encouraged.

5- CONCLUSIONS

- In emergency situations it is essential to have an ecological approach in the application of the
geosciences, otherwise the technical assessment of risk could lose their practical value.

- Elements such as event magnitude, analysis of order of events, use of available information , field
activities, consideration of cultural aspects and data presentation could be part of an emergency

situation assessment.

- Identify and involve the final user during our technical evaluations is a strategy to improve the
application of the geoscientific conclusions.

- Three summary levels of relative stability is enough in the emergency zonation which follows a
geohazard. This allows better understanding by the end users.

- Local (1:25.000, 1:10.000 ) and regional maps ( 1:100.000) have been found useful both to the final
users and to the decision makers.
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Further steps in a geotechnical zonation

C.A.Forero-Duenas
Imperial College of Science, Department of Geology, Engineering Geology Section, London, UK

ABSTRACT: The systems of zonation usually used can be reinforced with techniques coming from
complementary scientific fields, as is shown in a conceptual framework with the help of a literature
review on related subjects. The lack of a model which comprises the weighting of such new factors
should not be a definite obstacle to try them in a complementary basis. As consequence, benefits in
the analysis of damaging phenomenon such as landslides will appear. These analysis are also a
strategy to encourage the understanding of why the Earthen materials behave as they do, yielding
new insights in the interpretation of the physical environment.

Radiocarbon dating have been used in dating the frequency of large scale volcanic debris
avalanches, as well as in establish the age of materials immediately close to slip surfaces in
landslides to help in the definition of age and environmental evolution.

Geochemieal analysis and in general all the suggested techniques deserves careful sampling and
storage of cores and statistical tools as interpretative techniques.

The residual strength mechanisms of clays, a key concept in modelling reactivated landslides, are
brought along as an example, highlighting the relationships between macrobehaviour and
microstructural elements such as clay shape and clay fraction. Cases of relationships between field
behaviour and composition are shown, as well as between structure, fabric and geological evolution.

In addition to the technical tools, ecological considerations are worth following in order to estimate
both cultural effects on the environment and to help in operative stages to make more easy the
interpretation of our recommendations by the final users. The Geoscientific evaluations acquire new
dimensions by performing more frequently these suggested activities and might lead to find new
insights in the complex task of modelling the behaviour of Earthen materials.

1 INTRODUCTION The maps can range from simple extrapolation

of the possible behavior of the geologic units, to
complex mathematical modeling with multiple
analysis of slope stability (Brabb,1993).
The methodologies used to derive so called Among the methodologies to study landsliding,
Geotechnical Zonations, that can be used to many of them have as basic step the use of
study mass movements or other  landslide inventories with the reconnaissance of
geological-related hazards, are more or less places that appear to have failed by slope failure
established. processes, having the advantage of showing
The usual objectives include to define areas  where landsliding processes seem to be
with different potentials for landsliding, as well  concentrated and as a consequence where is
as make recommendations of land use. Itis well  worth developing more detailed studies (Brabb,

1.1 Systems of Zonation

known that no one system is appropriate for all  1984).

needs (Varnes, 1984). Specific analyses The figure 1 shows the representation of the
should be considered in specific environments usual stages followed in a Geotechnical
or projects. Landslide Zonation (Forero-Duefas, et al,1994).
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Analysis of Available Information

|

Field recognition and Definition of
Scale of work

Photointerpretation, Preliminary maps

Programming of Field Activities.
Field Verification,
Initlal Slte Investigation

I

Partial Processing of the
gathered information,

Site Investigation Programming

Site Investigation with emphasis in
lcritical places,sampling,geophysics
topography, field instrumentation|

Laboratory ]

I

Final processing of considered
factors of the model. Maps and
Reportto the Final Users.

Fig. 1 Summary of the common stages in a
Geotechnical Zonation (Forero-Duefias et al,
1994).

1.2 The problems

The considered factors vary with the scale and
objectives of the job but generally speaking
include slopes, climate, lithology, structure,
seismicity, geomorphology, vegetation, shear
strength, volumetric changes, and land use,
among others (Varnes 1984, Forero-Duefias et
al 1994).

It is well known that the transition between
field recognition and hazard prediction is usually
difficult. The complexity of the subject, and the
application of approximated modeling makes the
conclusions to be indeed an approximation.

Another problem to face is the operational one
that is to ensure effective understanding of our
conclusions and recommendations for action by
the final users. Cultural elements will have an

effect on land use on the one hand, and alsoon
the response of inhabitants of a zoned area to
advice.

Suggestions to apply techniques of
complementary disciplines coupled to analysis
of soil and rock mechanics are made, to be used
in zonations leading to the incorporation of
factors usually not considered in the models.
The subject is presented including basic ideas
about geochronology, geochemistry, structure
and fabric, and ecology, accompanied by some
examples.

The incorporation of these layers of
information in between other more “standard"
ones, might be wuseful to improve our
predictions; the fact of the absence of an overall
model which allows to add all the factors must
be managed with criterion in any given situation.

2 GEOCHRONOLOGY
2.1 Some methods of dating

Historical records are used where return periods
of hazardous events are relatively short but for
long periods, alternative dating methods are
required.

With the discovery of radioactivity in uranium
by Becquerel in 1886, and its consequent
revolution in physics, tools were provided to
allow the elapsed time since the beginning of
the Earth started to be clarified (Eicher, 1976).
The definition of the ages of rocks from the
Earth using the family of techniques of

Radiometric Dating, are based on the
spontaneous decay of long-lived naturally
occurring radioactive isotopes (Dalrymple,
1991).

Radiocarbon dating (Carbon-14 radioactive
isotope) is useful for the last brief portion of
geologic time, when huge climatic changes
affected the earth; carbon-bearing substances
have been successfully dated, including wood,

peat. bone and marine shells among others
(Eicher, 1976).

Radiocarbon dating has provided a useful
tool for assessing the chronology of the last
S0000 years (Easterbrook, 1988) being of high
value when dealing with Quatemnary events,
including mass movements, as a tool for
understand values of return periods of events
that do not have any other possible way to be
recorded and interpreted.
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There are other dating techniques of
Quaternary Sediments, including : fission track
dating, thermoluminescence, amino acid dating
of wood, aminostratigraphy of mollusks,
paleomagnetism, and geomagnetic variations
(Easterbrook, 1988).

2.2 Volcanic related events

When making zonation studies in areas affected
by volcanism is necessary to understand the
kind and source of the different deposits in the
surrounding or even at long distances from a
volcano.

The volcanism can be interpreted analyzing
tephra layers, studying chronologic and
compositional evolution of volcanic regions; the
tephrochronology has improved its techniques
and the Casignol technique improve precision of
K-Ar dating in samples in Quatemary layers
(Bitscheme and Schmincke 1990).

In Japan, more than 130 debris avalanche
deposits have been found around 66
Quaternary volcanoes, being a large scale mass
movement of difficult prediction. These deposits
are found on steep sided strato-volcanoes and
lava domes, with high volcanic edifices. To
understand the possible frequency of the
phenomenon some of the debris avalanche
deposits were dated by the carbon-14 method;
the average frequency rate of major debris
avalanches in Japan is estimated once in 100
years (Inokuchi, 1992).

2.3 Some landslides in England

Skempton, has done some interpretations of
landslide activity, taken the geochronology of
the quaternary as one of his tools. Skempton
and Petley (1967) studying the characteristics of
slip surfaces in Sevenoaks, Kent, England,
using exploration pits found a fossil soil whose
carbon-14 dating gave an approximated date of
12200 years before present, allow them to make

theories about the period and climatic
circumstances of its formation; the combination
of these dating was coupled with the famous
concepts of residual shear strength.

Skempton (1985, 1995) while analyzing
landslides near Swindon, England, reactivated
by the construction of the M4 motorway in the
winter 1969-1970, found organic matter of a

woody nature below the slip surface, found a
radiocarbon age of 12600 years, which allows
him to suggest that the landslide had been
originated in a late period of the last
(Devensian) glaciation.

Skempton (1995) recalling the studies of the
Man-Tor landslide, in Derbyshine, England
found a peaty fossil zone below the slip surface,
which was dated with carbon-14, handing an
age of 3000 years before present at the
landslide toe, and with some extrapolations and
the estimating of the average magnitude of the
slips, allow him to have a rough idea of the time
when the slip started, about 3600 years ago.

Whit the former few examples, coming from
experiences that have contributed to the
developing of key soil mechanics concepts, is
clear the importance of involve such analysis in
some stages of the zonations; in particular doing
landslide inventories it would be desirable,
specially in complex areas or in strategic
projects, to have an idea of the dates
sequences of slides in the mapped areas.

3 CHEMICAL COMPOSITION
3.1 Geochemistry

In some circumstances, might be worth
considering the possible links between chemical
composition and field behaviour.

Geochemistry is mainly concerned with
understand the behaviour of the chemical
elements through the natural processes, giving
important guides with regards to the physical
and chemical environment of rocks throughout
their geological history (Reeves and Brooks,
1978).

The evaluation of the concentrations of trace
elements is important also for giving possible
uses of mineral resources, agricultural uses,
and also to trace contamination of the
environment. To complete some of all of these
objectives will depend of course on the specific
kind of project, but in doing a Zonation there are
also recommendations of land-use that can be
refined with the help of some the former
analysis.

Geochemical analysis require care in the
sampling and storage of cores, and in
interpreting the results is necessary to manage
statistical concepts (Reeves and Brookes,
1978).
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3.2 Mechanisms of residual strength in clays

The composition of the materials is also a factor
that affects its field behaviour. = Skempton
(1985) in studying the post-peak drop in drained
shear strength of clays shows how if the clay
fraction is around S0%, residual strength is
controlled in great extent by sliding friction of the
clay minerals; the clay minerals can have little
effect on residual strength when the clay fraction
is less than about 25% as the strength is largely
controlled by sand and silt particles.

Lupini (1980) studying the fundamental
mechanisms of drained residual shear
hypothesis that clay soils formed predominantly
by platey shape particles would have preferred
particle orientation at large shear deformations,
causing a reduction in the interlocking and the
residual friction angle will approximate the
interparticle friction angle between clay platelets
in parallel configuration. Turbulent residual
shear is the name given to the state at constant
volume involving rotation and translation of
particles with random particle orientation in soils
with a predominant fraction of massive shaped
minerals; a transitional behaviour occur in
between the former cases.

Lupini also concludes that the residual
strength depends on mineralogy and pore water
chemistry, factors which control the dominant
particle shape and the coefficient of interparticle
friction.

Is clear then, that the bulk behaviour is
directly related to microstructural elements not
usually taken into consideration in the zonations
analysis.

3.3 Field behaviour and composition

Moore (1988), established associations between
spatial variability of physico-chemical properties
and landslide distribution within the London
Clay Basin; a broad regional association
between the mineralogy of sediments and
landslides in southem and south-east England
was established.

Mitchell and Solymar (1984) found evidence
that sand deposits may have substantial
stiffening and strength increase with time, and
also can loss strength as consequence of
disturbance, and relate those effects in the
Jebba sand of the Niger River in Nigeria to
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possible solution and precipitation reactions
involving amorphous silica gel in the material.

Butenuth, De Freitas, Frey, Passas and
Forero-Duefias (1995), proposed that the role of
silica gels as a cementing agent might be the
source of slope failures given the time-related
changes of the gels under environmental
variations.

4 STRUCTURE AND FABRIC

The microfabric and microstructure are also
important aspect not easy to handle and not
usually covered in a zonation. The spatial
arrangement of the particles and the
interparticle forces make contributions to the
macrobehaviour of earthen materials. Burland
(1990, 1995) using oedometer and triaxial tests,
points out the importance of the behaviour of
clays reconstituted in the laboratory with
intrinsic properties inherent to the material, as a
frame of reference for assessing the properties
of the natural material particularly to establish
the influence of micro-structure (fabric and
bonding).

Rowe (1972) stress the effects of fabric on the
coefficient of consolidation, permeability, and
undrained shear strength of silty clays. Rowe
gave practical examples of fabric types in recent
alluvial deposits, sandstones, carboniferous and
ordovician materials; analysis of the influence of
fabric in foundations, cuts, retaining walls,
anchors, and cast in situ piles. The recognition
of the role of fabric suggested fundamental
changes in site investigation practice.

Forero-Duefias (1995) reports attempts of
correlate the fabric of the clays of Bogotd,
Colombia, with the geological history of the
Sabana Formation, making also comparative
studies between natural materials and samples
reconstituted in the laboratory.

S5 ECOLOGICAL CONSIDERATIONS

Environment must be understood as all that
surrounds, opening the minds to the
establishment of relationships between the
lithosphere, hydrosphere, atmosphere and the
biosphere and its consequences on both the
technical evaluation of the studies and their
practical communication. This ecological



approach has been proved successfully when
dealing with the hazards evaluation in
emergency situations, when knowledge of
cultural considerations was key to apply
Geoscientific evaluations, under ideas of
Ecological Geosciences (Forero-Duefias, Booth,
1995).

We must remember that is worth taking into
consideration those aspects that can be called
operative, leading to the useful application of the
recommendations of our studies and zonations.
All the technical efforts can be missed if we do
not also take into account some considerations
towards the multi-composition of the
environment specially in relation to the man, as
part of the biosphere.

CONCLUSIONS

- The geotechnical zonations are developed in
several scales and leading to obtain different
objectives considering usually basic factors.
Some suggestions are done to introduce other
less commonly used methodologies and
procedures of the science. The task of
construct the modeling of the field response of
earthen materials requires to use all the
available tools in Geosciences.

- Geochronological techniques can be applied
to date the age of the rocks of the earth
including events from the Quaternary period,
and might give a clue in understanding
landsliding evolution and in trying to establish
return-periods.

Links between geochronology, composition,
field behaviour and laboratory testing were
useful to develop the concepts of residual
strength in clays, as an example of the ideas of
the paper.

Geochemical analysis are important in the
difficult task of understand the physical and
chemical environment of earthen materials
throughout their geological history. The field
behaviour also might has connections with this
subject.

Structure and fabric, make a contribution to

the in situ response that is worth following
researching to complement other factors.
- Last but not least, the ecological approach in
field and desk activities might be useful both to
understand cultural-related effects in the rest of
the environment, and to apply in operational
stages to improve the application of
Geoscientific evaluations.
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Inventory and study of landslide hazards in Cundinamarca
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ABSTRACT: The inventory of geologic-related hazards in the Cundinamarca Department of
Colombia with special reference to mass movements was done, following a methodology given by a
hierarchical approach in Geoscientific studies. The inventory started with regional studies as a
reference framework to which medium scales (1:50000 to 1:25000) and big scales (1:10000 to
1:5000 ) analysis were tied up as basis of detailed (1:5000 to 1:2000 scales) and designs (great
than 1:500 scales) studies in the selected fifty most critical places which might be affecting people
and infrastructure in the short term. Drainage systems were the basic remedial work, deformation
monitoring and groundwater levels control were also suggested in some cases. Factors as the
nature of the geological materials which includes soft rocks and Quaternary unstable deposits,
intense rainfalls, tectonic activity, high energy torrential rivers, and man made actions contribute to
the great environmental damages related to landsliding and erosion. Emphasis was placed in study
the Quaternary deposits, as source of periodical and destructive unstability. Multiple scientific fields
were combined in the modeling. The study is the base of present and future capital investment
policies by the politicians and decision makers, and has been found as a good example of the
applied side of environmental studies, giving knowiedge of regional and local geoscientific elements
as well as allowing to arrive to engineering solutions helping to the well-being of the population.

1 INTRODUCTION After such painful situations, the Colombian
Government created the National System for
Disaster Prevention (Law 49 of 1988 and
Decree 919 of 1989) which has as one of the
main advisors in geological-related matters the
support of INGEOMINAS, the National Institute

of Investigations in Geosciences, Mining and

1.1 General Situation of Natural Hazards in
Colombia

Colombia with a territorial extension of
1'141.748 km2 and located in the N.W. corner

of South America, is a country with multiple
natural hazards, including earthquakes,
volcanoes, tsunamis, floods and mass
movements. The tectonic emplacement as well
as our particular topographic, climatic and
geologic conditions make a big proportion of
the national land prone to the development of
the natural hazards. Recently, disasters as the
Quebrada Blanca landslide in 1974, el Guavio
landslide in 1983, the Popayan earthquake in
1983, Nevado del Rulz lahars in 1985, Tumaco
tidal wave in 1979, Utica debris flow in 1988,
and so on are just some examples of the daily
interaction of the country with these events
(Forero-Duefias, 1992).

Chemistry.

INGEOMINAS has assumed its role
developing projects at national, regional and
local levels. The Institute has as a main goal to
put the available scientific knowledge to the
service of the people, having an air of applied
science specially in the Geoenvironmental
Engineering and Mining Sub directions, but
without losing the original research aims.

Environmental Sciences have this flavour of
being an inquirer of the reasons of the
environmental changes but with the final goal of
knowing how to applied them in benefit of the
human kind.
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1.2 General Tectonic Setting

The N.W. corner of South America is affected by
a complex tectonic field , as an answer to the
interaction of three main tectonic plates known
as Nazca, South American and Caribbean. The
energy is released in the subduction zone as
well as in the Benioff zone and in faults inland
showing huge neotectonic activity.

The Cundinamarca Department and its capital
Bogoté (Santafé de Bogota), which is also the
country capital, has both Intermediate and High
Seismic Hazard areas.

2 THE CUNDINAMARCA DEPARTMENT
2.1 General Conditions

The Cundinamarca Department with an area of
24210 km2 is located in the central part of the
country (fig. 1), in the Eastern Cordillera, which
is one of the 3 local branches of the Andes
System which runs across the South American
Continent.
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Fig. 1 Location of Cundinamarca.

According to the altitude and the local
environmental conditions, there are several
climates within the Department  of
Cundinamarca, as happens in many others
places of the Andes mounteins, having
temperatures ranging from 30° centigrades to a
near or less than zero in high altitude areas or
Paramos.

As examples we have that Bogota is located
at 2600 m above sea level, has a medium
temperature of 14° centigrades, and a medium
precipitation of 1013 mm/year, on the other
hand, Utica, a small town located 119 km. N.W.
from Bogota also within the Cundinamarca
Department, has an altitude of 497 m.ass.l, a
mean annual temperature of 26° centigrades,
and a mean annual rainfall of 1350 mm.

The region has two major annual rainy
seasons (Aprii to May and September to
November) in between two more dry periods.
The abrupt topographic conditions of the region
make that the rivers and creeks display high
hydraulic gradients being of torrential nature,
contributing to the erosion and the general
unstability.

2.2 Natural Hazards in Cundinamarca

Following also the course of the impact of
painful tragedies as well as the gradual interest
of the politicians in charge, INGEOMINAS
(1992) develops the first part of the project *
Regional Inventory of Geologicai Hazards in
Cundinamarca ". The project was a jointly paid
one between INGEOMINAS and the
Cundinamarca Governor Office, and was
finished in 1992, after one and a half years of
work.

The objectives of the study were:
- To make the regional inventory and evaluation
of the main geologic-related hazards including
Mass Movements, and Erosion.
- Among the former ones, choose the fifty most
critical ones since the point of view of risk to the
population or infrastructure, to make the local
analysis and the design of the stabilization
solutions.

3 METHODOLOGY
3.1 Personnel

The basic team was composed by geologist with
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experience in  similar evaluations and
knowledge of the Department, and by
geotechnical engineers (civil engineers with
postgraduate studies) with experience in
zonations and in designs. As supportive team

were used: civil engineers, geophysicists,
topographers, photo interpreters, and
technicians.

The Geoenvironmental Engineering area of
INGEOMINAS has among his goals, the
fulfilment of earth science-related studies,
following the steps of  Observation,
Quantification and Judgment (Einstein, 1991)
that were the origin of the ideas of Terzaghi
coming from Geology to Geotechnical
Engineering and to Engineering Geology. The
Institution is aware of the fact that direct "
empirical “ relationships between geology and
engineering usually are not good enough and
has reinforcing the quantitative element with
experts in soil mechanics and rock mechanics
as key element; also we have the support of
experts in other Geoscientific fields and in
hydraulic and hydrology among others.

There are also in INGEOMINAS interests to
note the importance of consider the interactions
between all the components of the environment
in a given ecosystem, including the man's
actions in the studies. Suggestions exist to
increase the evolution of purposes in the natural
hazards evaluation, looking the Ecology (study
of the interactions between life forms and the
environment) as a general body under which the
Geoscientists can also be located, and the
Ecological Geosciences approach can be one
answer to make more complete analysis in
Geosciences, considering new elements
involved in a given problem; this approach has
already proved to be successful and very
recommended when dealing with hazard

evaluations during emergency situations
(Forero-Duefas, Booth, 1995).

3.2 Scales of Work

The work Scales suggested to use in

Geotechnical Studies are summarized in the
table 1.

The present job started at Regional Scale
having a national and a Departmental
knowledge of the geological conditions of the
country. After that followed a Medium scale
work to define the critical points, and then follow
a local job in which Big and Detailed scales

studies when solving punctual problems with

complete geotechnical designs.

SCALE OBJECTIVE APPLICATION

REGIONAL In planning, to National and

<1:100000 locate critical Departmental
sectors maps,
to decision Big Basins,
makers. Coast lines
First hand studies.
regional Big Projects in
evaluations Prefeasibility
in big engineering Levels.
projects.

MEDIUM  Rural / urban Some basins,

1:50000/ planning; coastal zones
1:25000 critical and big cities.
zones;
location of
specific areas.
In engineering Continuing the
projects at information
Prefeasibility refining in
level to help specific
in selecting zones.
alternatives in
key places.
BIG Urban In some cities
1:10000/ planning. (1:10000) and
1:5000 In engineering towns (1:5000);
projects critical sectors
at Feasibility of coastal line.
levels.
DETAILED Urban In towns or in
1:5000/ Planning. critical zones of
1:2000 In engineering any project of
projects land - use.
at Feasibility
levels.
DESIGNS Solving local Punctual
> 1:500 problems with studies with
engineering variables
countermeasures  clearly
and detailed identified.
designs.

Table 1. Work Scales in Geotechnical Studies
(Forero-Duefias et al, 1994).
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3.3 Hierarchical Approach

The philosophy of follow hierarchical studies in
earth sciences is summarized in the figure 2,
and likes to remind the necessity of having a
knowledge of the surrounding conditions, before
attempt any engineering stabilization work. This
approach is a necessity in Geotechnics,
specially in dynamic environments.
Unfortunately, there are still cases when it is
forgotten, and the failure of costly structures is
the consequence.

DESIGNS

SCALES

MEDIUM
SCALES

REGIONAL SCALES

Fig. 2 Hierarchical Approach in Geoscientific
studies.

3.4. Specific Methodology

Under the previous consideration, the Zonation
of the most critical areas of the Cundinamarca
Department was done following the steps
summarized in the fig. 3.

Every one of these steps was developed as
follows :

1. Use of Available Information: Regional

(national and departmental) information about
geology, climate, hydrology, hydraulics,
previous studies in the area, remote sensors
(only aerial photographies were available to use
in practical way), , pedology, agronomy
information, topography, reports of disasters
associated with geological factors consulting
fles of the National System of Disaster
Prevention and newspapers, and so on.

Analysis of available information ,
Field recognition, scales of work
and overall knowledge of the area

Photointerpretation, Medium Scales,
Preliminary Maps

|

Fleld Verlfication, Medium and Big
Scales descriptions, inventories.
Programming of next stages

Detailed and Design Scales :
Geology. Site Investigation .
Geophysics.Topography.Laboratory.
In situ testing. Field instrumentation.

Final Maps. Remedial
At all Scales Works Design.
Final Report .

Meetings with : Town's mayors,
decision makers and final users.

Fig. 3 Methodology of the study.

The establishment of a clear reference
framework was done analyzing the collected
data. Also a recognition field trip was done to
familiarize the team with the regional features.

2. Photointerpretation: As quoted by Varnes,
1984, many mass movements are associated
with the most superficial materials, and that was
the case in Cundinamarca. Particular attention
was given to the Quaterna