geohazard research has emerged between — safety and water scarcity to frame sustainable resource management decisions.

ﬁ n exciting opportunity for collaborative  geohazard and groundwater scenario model components in order to address issues of public

MAP:GAC and Pathways, a new project

from Natural Resources Canada Earth Sciences  Although the overall outcomes of MAP:GAC (focus on geologic hazards) and Pathways
Sector. MAP:GAC participated in the inaugural (focus on sustainable development) projects differ, several science and technological
meeting of Pathways to identify activities and components complement each other. As a result, the projects will combine activities and

determine common research initiatives.

available expertise to work as collaborative partners. Some anticipated outcomes of this

collaboration include the development of geohazard ontologies as well as an examination

Intersecting

“Pathways” project of the Geological ~GeoSemantica team will coordinate the

to Advance Survey ‘of Canada and d.evelopment. of .the technologica.l system
Geomatics Canada. It  (including distributed web services and

Geohazard is part of the Sustainable  knowledge architectures) in an effort to

Research Development  through  accommodate design requirements of

Knowledge Integration the entire collaborative.
(SDKI) program. The project is focused on the

development of an ontology-based knowledge The MAP:GAC/Pathways collaborative
integration and decision support system (DSS) provides significant  potential
that will help translate earth science information  synergies in hazards research between
into a form that is compatible with sustainability = MAP:GAC member countries
modelling, planning, and decision support Pathways case studies in Canada.

frameworks. As part of this process, MAP:GAC
project staff will work with other colleagues
in the earth science community to develop

The objective of the INGEOMINAS project consists of producing knowledge and
providing information about geoenvironmental effects caused by human activities
associated with land uses, in order to create useful information for risk management,
land use planning, and infrastructure development.

The INGEOMINAS team consists of Rosalbina Perez and John J. Encinales
(geologists), Gustavo Neira (engineer), and Eduardo Chilito (ecologist). The team’s
leader is Amilcar Valencia (MSc in Engineering and Environmental Prevention).
Amilcar has a research background related to vulnerability evaluation and risk
scenarios including geoenvironmental aspects in decision making. Valencia is
coauthor of the book “Risk Evaluation of Landslide Phenomena — A Methodological
Guide” produced by INGEOMINAS and published together with the Colombian
School of Engineering.

[Evaluacién del Riesgo por Fendmenos de Remociéon en Masa, INGEOMINAS
- CVC. Eduardo Castro Marin, Amilcar Valencia Nifiez, Jacobo Ojeda Moncayo,
Fernando Muiloz Carmona, Sonia Fonseca Gonzalez.]

In order to attain the project’s objectives, INGEOMINAS has considered the
application of appropriate geoindicators, thus Dr. Antony Berger’s expert advice was
sought. Dr. Berger was formerly a university professor (in Toronto and Newfoundland,
Canada, and in Sri Lanka), and is now working as an independent adviser; he is also
Co-Director of the Initiative on Geoindicators at the IUGS (International Union of
Geological Sciences; http:/www.lgt.1t/geoin/).

Geoindicators

According to the IUGS and Dr. Berger (http:/www.gcrio.org/geo/intro.html),
“Geoindicators are measures (magnitudes, frequencies, rates, trends) of geological
processes and phenomena, occurring at or near the Earth’s surface and subject to
changes that are significant for understanding environmental change over periods
of 100 years or less. They measure both catastrophic events and those that are more
gradual, but evident within a human lifespan.” The concept of Geoindicators is not
new. They are based on standard methods and procedures for monitoring. The novel
thing is attempting to put them in a conceptual common framework and pointing out
its importance in environmental evaluations for a nongeological public.

Dr. Berger suggested using nine Geoindicators for the INGEOMINAS project,

Ms. Shannon Denny

Pathways is a three-year  of hazard-modelling methodologies. From a technical perspective, it is anticipated that the

for

and

including landslides, soil and sediment erosion, river flow,
channel morphology, and sedimentary load accumulation.
These types of indicators describe natural processes able
to change on their own, with no need of direct man-made
interventions; however, in the INGEOMINAS project it is
considered that the human activities (mainly mining) can
accelerate, slow down, or avert these changes.

The INGEOMINAS work group will be dedicated in
the next few months to developing, identifying, and
standardizing geological, geochemical, geomorphologic,
geophysical, and hydrological techniques and other earth
sciences applications for these geoindicators in the pilot
project area.

Ms. Monica Jaramillo
References:
Berger. AR & W.J. Lams (eds) 1996. Geoindicators—
Assessing Rapid Environmental Changes in Earth Systems.
Rotterdam: A.A. Balkema, 466 p.

Dr. Espinosa Update

fter the Remote Sensing workshop in Santiago,
AChile June 23-27, Sergio Espinosa visited

seismological institutions of MAP:GAC member
countries in order to initiate or continue talks on how
these institutions could contribute to the project under
a cooperation agreement with the national geological
agency. These institutions were INPRES (Instituto
Nacional de Prevencion Sismica / National Institute of
Earthquake Prevention) in San Juan, Argentina; IGP
(Instituto Geofisico del Perti / Peruvian Geophysical
Institute) in Lima, Peru; and IGEPN (Instituto Geofisico
de la Escuela Politécnica Nacional / Geophysical Institute
of the National Engineering University) in Quito, Ecuador.
Natural hazards are best assessed with an interinstitutional

and multidisciplinary team approach.
Dr. Sergio Espinosa
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From the Manager’s Desk
August 2003

ere in Canada, July is the peak of
Hsummer. Though traditionally a

time when many Canadians take
vacations, this year most of the MAP:GAC
staff have stayed close to home. July has been
a time to get caught up and start to tackle the
to-do list generated by the GeoScience and
GeoSemantica working group meetings in
Santiago in late June. The first quarter report
(April-May-June financial and updates) will
be completed by the end of the month and
should be on the desks of each country by mid
August. Dr. Mark Stasiuk represented MAP:
GAC at the “Cities on Volcanoes” conference
in Hilo, Hawaii, and sent back reports that this
was an excellent meeting, and progress is being
made internationally on hazard simulation
modelling. He will have a full report in next
month’s newsletter. Ms. Monica Jaramillo is on
the road in Colombia with consultant Dr. Tony
Berger tackling Geoindicators (see article of

Meetings in October 2003.

Executive Council: October 13 to 15
GeoSemantica: October 13 to 17

ASTER - 2 days
InSAR - 3 days
Flow-2D and DAN-W - 3 days
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Geoscience Working Group: Roberto Page
Catherine Hickson: chickson@nrcan.gc.ca

The next Geoscience Working Group (GWG) Meeting will take place in
Mendoza, Argentina immediately prior to the MAP:GAC Executive Council

Geoscience Working Group: October 11 and 12

Workshops (final dates will appear in the September MAP:GAC News):

Although October is still two months away there is much to do in the way of
preparation for the meetings. All Geoscience and GeoSemantica Working Group Joint Work
members are urged to review the proceedings from the Santiago meetings to
ensure that there is no confusion on what is required for these meetings. If there
are questions please contact the sub-project coordinators.

: ropage@minproduccion.gov.ar and

GeoSemantica: Otto Krauth: okrauth @nrcan.gc.ca
Language Standardization: Monica Jaramillo: mjaramillo@nrcan.gc.ca

page 3). The Colombians are also holding their
National Geological Conference (IX Congreso
Colombiano de Geologia) in Medellin where
Chileans Drs. Hugo Moreno, Jorge Frutos, and
Jorge Muiioz are attending with the support of
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Multinational Andean Projects
Prowectos Multinacional Andino

the MAP:GAC supplemental travel fund. The
Ecuadorians and Peruvians met in the border
regions and had a very successful field trip
working on the joint geological map. They
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also met with Mr. Robert Shaw (consultant),
regarding this part of their project. Check out
the web page! (http://www.pma-map.com) It
has been updated with the material sent in the
early part of the year so now contains more
information on the project areas (and more
updates are expected soon). Mr. Mike Ellerbeck
will be on vacation during the month of August,
so please ensure you
direct your inquiries
to someone other than
Fkk Mike for this period.
“Check out the We would also like to
web page! It has welcome Ing. Jebner
been updated...so Zambrana back at work
R at SERGEOMIN in

now contains more

X : Bolivia.
information on the

project areas.” Countries are reminded

LR of their to-do (action)

items generated from

the GeoScience and

GeoSemantica Working

Group meetings in June. Check your copies of

the minutes to see what actions are required and
reporting dates.

Dr. Catherine Hickson

Suggested topics for the MAP:GAC Executive Council
Meetings:

Project Update
Financial Report

MAPAS

New Verifiable Indicators Module on MAPAS$
Standardized Work Plan Format

Presentation of GWG Santiago Agreement

Presentation of GeoSemantica Santiago Agreement
Individual Country Updates

International Project Review Panel

Multinational Products

Multinational Publication Series

Extra Institutional Relations
Multilateral MOU's
Hazardous Process Modelling

Shared Equipment Pool

Emergency Management Report Discussion

ISO 9003 Certification of Geochemical Reference

Materials

For further MAP:GAC information please consult the project Web page at htp:/www.pma-map.com
Newsletter produced by MAP:GAC staff: Patricia Calvo | Mike Ellerbeck | Sergio Espinosa | Jennifer Getsinger | Monica Jaramillo | Otto Krauth | Mark Stasiuk | Loretta Wong |

If you have suggestions for the meetings please send
them to Mike Ellerbeck at: mellerbe@nrcan.gc.ca.

Mr. Mike Ellerbeck

Community Communications: Mike Ellerbeck: mellerbe@nrcan.gc.ca
Hazard Modelling: Mark Stasiuk: mstasiuk@nrcan.gc.ca
Remote Sensing: Sergio Espinosa: sespinosa@nrcan.gc.ca

and supervised by MAP:GAC Project Manager Dr. Catherine Hickson
GSC Vancouver #101 - 605 Robson Street, Vancouver, BC, Canada V6B 5J3 Tel: (604) 666-0183 Fax: (604) 666-7507 Email: map@pma-map.com

. *. Natural Resources Canada | Ressources naturelles Canada




Bolivia — Landslides on a National Scale

The Chima Rock Avalanche

On March 31, 2003 at about 10 AM, a large
section of the north slopes of Cerro Puca
Loma, a mountain towering over the town of
Chima, detached from the summit area and dropped
onto the slopes below. The power of the collapse
caused disintegration of the weakly cemented
Tertiary conglomerates, which subsequently
rushed towards the mining cooperative of Chima
in the Tipuani River valley, some 280 km via La
Paz. Hundreds of residences were destroyed and
69 people lost their lives.

I heard about the landslides on the news only
hours before Dr. Hickson contacted me and asked
whether I could be of assistance to SERGEOMIN
(Servicio de Gedlogia y Mineria de Bolivia) in
determining the causes of the landslide and seeking
solutions to avoid similar disasters in the future.
On April 3 I flew to La Paz where I was cordially

that time, 24 corpses had been unearthed and
subsequently buried. The others will remain under
the landslide debris. Several humanitarian relief
organizations were at the site to help the survivors
with fresh water, food, tents, blankets, shovels and
other necessary items. Fieldwork was conducted
in three groups: one for interviewing eyewitnesses,
one group taking rock and soil samples for analysis,
and one group investigating the landslide source
area. At the same time, a topographic survey of the
landslide site was carried out.

Cerro Puca Loma had been mined for gold at
least since the Inca empire and certainly later by
the Spaniards. Small drainage channels had been
constructed to divert water from nearby streams to
the summit area of the peak, where miners then
used the erosive force of water to cut through the
weak conglomerate rock and wash out the ore.

“Hundreds of residences were destroyed and 69 people lost their lives.”

awaited by Ing. Jebner Zembrana, the director of
SERGEOMIN. In two days SERGEOMIN staff
and I organized a field trip to Chima. The 280 km
journey by road leads over a 5000 m pass through
the Cordillera Real and then down to an elevation
of approximately 400 m in the Yungas. The road is
difficult and dangerous but fortunately, a new road
is being built, with only one tunnel still incomplete
for commercial vehicle traffic. We were allowed
to use the tunnel and thus saved time. The journey
led us through Caranavi, Guanay, Tipuani, and
finally Chima where we arrived on the second
day. Miguel Blacutt, Andrés Cazas, Iris Galarza,
Juan Carlos, and Nilo Teran were the engineers of
SERGEOMIN who carried out the fieldwork.

Chima was a place of destruction. The landslide
had completely obliterated the eastern section of
the town, and only through a lucky circumstance
spared the densely developed centre. Up to

Solutions - La Paz — City of Landslides

here are no easy solutions to the landslide

problem in La Paz. Some organizations,
such as the BRGM of France, the German GTZ,
and the Japanese development agency JICA,
have carried out projects to prevent excessive
risk by landsliding or flooding. Though partially
successful, these projects have finite durations,
and if their recommendations are not followed
their benefit to society is limited. It is therefore
of paramount importance to use local landslide
experts who can create a powerful database of
all landslides in the greater La Paz area. They
can instrument, monitor, and analyse individual
landslides, and are familiar with techniques to

Hydraulic gold mining has been used all over
the world. The 5-10 m deep water trenches are
used as shafts into the mountain to locate gold
rich zones and to loosen the ore for transport to
a washing facility. Two Tertiary conglomerate
sequences unconformably overlie Ordovician
basement rock, which is dipping steeply out of
the slope and towards Chima forming a smooth
potential failure plane. Water ingressing through
the trenches described above may have intercepted
this largely impermeable layer and caused zones of
elevated pore water pressures along the Ordovician
rock interface. Together with uncontrolled blasting
the factor of safety of the slope was brought close
to unity. Prolonged high intensity rains the weeks
before the failure finally created conditions
leading to landslide initiation. An increase in
rockfall activity in the hours before the failure had
been a sign of impending instability but was not
recognized as such.

Hydraulic mining is still practiced throughout the
Tipuani River valley and is likely responsible for
90% or more of all large landslides in the area.
Even in unsettled areas, the secondary effects
of landsliding can be devastating. Upstream of
Chima, the valley side slopes are very steep, and
Tipuani River is deeply incised in a very narrow
streambed. Landslides reaching the river could
easily block the stream, causing outbreak floods,
which may exceed extreme rainfall generated
floods. According to eyewitnesses, such events
have occurred numerous times on Rio Tipuani and
have caused severe flood damage in the town of
Chima.

The March 2003 rock avalanche was not the first
one that struck Chima. In 1953 another landslide
killed dozens of people, although the exact number
is unknown. This landslide was soon forgotten
and the area affected was rebuilt in an uncontrolled
way.

Upon return to La Paz, a report had to be written
very quickly for the prefecture. A decision had
to be made as to the fate of the remaining part of
Chima, home to about 2000 residents. Fieldwork
and preliminary runout scenarios showed that the
majority of Chima was still in a high hazard zone.
Early warning systems were deemed unreliable
and rock slope stabilization too expensive and
too laboursome to attempt. The only reasonable
choice was to recommend the complete relocation
of Chima. This plan was subsequently adopted by
the prefecture, which was very pleased with the
depth and breadth of the SERGEOMIN report. At
the present time, work is in progress to determine a
safe place for the relocation of Chima.

La Paz — City of Landslides

fter the report had been written and presented

to the prefecture and national media, focus
was returned to the initial tasks of the MAP:GAC
project. Much of the emphasis on landslide hazard
aspects was directed toward the capital itself. The
city of La Paz was founded at the bottom of a large
natural amphitheatre, surrounded on three sides
by the Altiplano, the sparsely vegetated highlands
which connect Chile, Bolivia, Peru, and Argentina
(where the same high plateau is referred to as the
Puna). To understand the geomorphology of La
Paz requires an understanding of the Quaternary
history of this part of the Altiplano. In numerous
glaciations, the surrounding mountain ranges were
partially glaciated. Glaciers from the Cordillera
Real extended close to La Paz. Meltwater streams
deposited thick sequences of fluvial sediments.
Glacial-fluvial sediments therefore dominate the
stratigraphy of La Paz. Advancing glaciers and
landslides along the lower La Paz River (Rio de la
Paz) at times dammed the stream causing extensive
deposits of lacustrine sediments composed of thinly
laminated silts and clays. Some 8000 years ago, a
gigantic earthflow detached from the bowl south
of La Paz and deposited fine-grained sediments for
kilometres in the Rio de La Paz valley.

La Paz steadily continued to grow in size. In about
the 1940s, the flatter areas of the La Paz valley
were settled and the increasing population density
could only be accommodated by construction on
the steep slopes that form the La Paz bowl. Sealing
of otherwise permeable ground, disturbance of the
natural slope morphology, and surficial water
drainage were consequences. La Paz is located
on the western slopes of the Cordillera Real,
which receive much less precipitation that the
eastern slopes, which are affected by subtropical
seasonal rainstorms. In the rain shadow of the
mountains, La Paz only witnesses an average
of 570 mm of precipitation a year, compared to
up 630 mm in the Yungas. Plant growth in the
La Paz area is therefore much subdued and soils
poorly developed. Any additional water ingress

beyond natural levels easily disturbs the delicate
equilibrium of slope stability.  Corroding or
leaking water or sewage drainages can easily
cause piping, local soil saturation, and an elevation
of pore water pressures leading to landsliding.
Unfortunately, building codes, inspection, and
code enforcement of construction on hillslopes are
either non-existent or are frequently not followed.
As a consequence, construction takes place in
areas completely unsuited for urban development
and subject to increased landslide hazard and risk.
This lack of a legislative framework is combined
with an insufficient and partially non-existent
urban stormwater drainage system as evidenced
in February 2002 when torrential downpours and
hail caused the blockage of culverts and turned the
Paseo del Prado, La Paz’s main street, into a raging
river. Some 80 people perished in downtown La
Paz during these events.

Certainregions of La Paz are built on older landslide
deposits, which are occasionally remobilized by
excessive rain or human interference. In 2002
and 2003, two large earthflows started near the
rim of the altiplano where the sector Ciudad
Salitre has spread out to accommodate the
growing population. In one case, some 30 metres
of altiplano detached as a rotational slide and
mobilized a large earthflow in lacustrine sediments
that subsequently flowed several kilometres
downstream. Due to the relatively slow movement
and the sparse settlement in the area no one was
killed. However, many more locations such as
the one that failed in February 2003 exist along
the rim including the hospital of El Alto, which is
located only tens of meters from the top edge of
the rim. Any large landslides in this area would
not only cause loss of life in the buildings on the
plateau, but could kill hundreds of people on the
densely populated steep slopes below. A rainstorm
with a low return period could cause havoc at a
scale observed on the north coast of Venezuela
in December of 1999 when over 25,000 people
perished in debris flows.

prevent landslides from occurring or to minimize
damages. Of course, the formation of such a group
is a challenge in a country notoriously underfunded
for public works. It is therefore necessary to
tap into the resources that the international
community can offer. The MAP:GAC project
seeks to form such a group, which will ultimately
be able to identify, monitor, analyse, and mitigate
against landslides in the greater La Paz area and
elsewhere in Bolivia. The information exchange
began in April by a one-week course taught by
myself (Matthias Jakob) to SERGEOMIN staff,
consultants, university professors, staff of the
Geographic Military Institution, and others.

The topics covered landslide terminology and
recognition, hazard mapping, landslide monitoring
and instrumentation, floods and outbreak
flood analysis, and causes and consequences
of desertification. Together with a transfer of
knowledge, SERGEOMIN requires computing
hardware, software, and instrumentation for onsite
landslide monitoring. At the same time, remote
sensing techniques such as InSAR can be used as
part of the MAP:GAC objective to help identify
slope movements on a regional scale, and aid and
support onsite instrumentation. The sector Llojeta
has been selected as a pilot area in La Paz that will
serve for future research as well.

Another urgent task is the establishment of
hydroclimatic thresholds for landslide initiation,
which will require joint work with SENAMHI,
Servicio Nacional de Meteorologia e Hidrologia
de Bolivia. Such thresholds could be based on
an index of antecedent rainfall amounts, rainfall
intensity, and streamflow. They could then be
combined with real-time observations of high
intensity rainfall cells via satellite imagery or
Doppler radar. Warnings could be issued if
thresholds are exceeded and landsliding becomes
imminent. These warnings could be transmitted
by television, radio, or megaphones mounted on
vehicles, and/or lead to evacuation of high hazard

areas. However, a warning system such as the one
proposed will be opposed by some residents not
wishing to abandon their homes. Furthermore,
several false warnings will quickly erode the
confidence of the population in the system and
future warnings will subsequently be ignored.
Therefore interaction with local administration and
social scientists may be of essence. Such threshold-
based warning systems will be of increasing
importance if the global climate continues to
change and more intensive hydroclimatic events
result from an increase in global temperatures and
a more intensive hydrologic cycle.

Landslide Hazard and
Integrated Hazard Mapping
Activity Update: Geoindicators

r. Antony Berger (Geological Survey of

Canada and MAP:GAC contractor) gave
technical assistance to INGEOMINAS (Colombia)
regarding the application of Geoindicators,
July 13-24. This activity was developed for
collaboration on a project on Geoenvironmental
Evaluation Effects Due to Land Uses. Dr.
Antony Berger and Ms. Moénica Jaramillo met in
Toronto and flew to Bogota, Colombia, to work
together with the INGEOMINAS project team.
Their technical assistance included a day field
trip in the southern part of the city of Bogota.
In addition, an oral presentation about MAP:
GAC, the INGEOMINAS Effects Project, and
an introduction to Geoindicators was given. The
presentation took place at the INGEOMINAS
boardroom on Monday, July 21, with about
60 participants from Ministry of Mines and
Energy, INGEOMINAS, and organizations from
environmental sectors.

The INGEOMINAS Project

MAP:GAC cooperation with Colombia has
included some aspects of a project started
by INGEOMINAS. This project is named
Geoenvironmental Effects Evaluation Due to Land
Uses. It involves geotechnical aspects of risk,
and, in general, land use within environmental
evaluations and development planning.

INGEOMINAS Project
and Geological Survey of
Canada Working Group.
From right to left: Eduardo
Chilito, Rosalbina Perez, 2
Gustavo Neira, Antony o

Berger (Consultant, GSC), - ¥
Mbénica Jaramillo (GSC), .

John J. Encinales, &

Amilcar Valencia.

The scale of landslide events in Bolivia’s capital
is almost overwhelming and the task of grappling
with them may seem daunting. Bolivia’s or La
Paz’s landslide problems will only begin to be
resolved through the MAP:GAC project. However,
the objectives of the MAP:GAC project will lay an
important foundation in creating local knowledge
to cope with hillslope instability and overcome
challenges in managing landslide risk.

Dr. Matthias Jakob & SERGEOMIN



