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Engineering Analysis and
Management to Reduce Risks

Engineering Geology studies to asses and
mitigate the risk of land subsidence and ground
fracturing in overpopulated areas
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Centro de Geociencias, Universidad Nacional Autbnoma de México
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Introduction
Geological setting of Central Mexico

Engineering Geology Methodology
Land Subsidence and Ground Fracturing
Groundwater and deformation monitoring as
a tool for managment

Sudy cases in overpopulated areas
Geological Risk Assement (GRA)
The Center of Evaluation of Geological Risk

In the Delegacion Iztapalapa of Mexico City

Final Remarks
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Land subsidence and fracturing has become a problem in
urbanized areas of Central Mexico. Compaction of sediments
related to groundwater withdrawal has caused subsidence in
areas with rapidly increasing population (i.e. the central part of
the country: Mexico City, Queretaro, Celaya, Toluca, Morelia,
and Guadalajara between others).

The knowledge of the shallow stratigraphy and structural
discontinuities of underground sequences in areas affected by
subsidence and fracturing is necessary for the

planning of urban infrastructure.

Furthermore, the analysis of these phenomena requires a
multidisciplinary approach for a better understating of the
triggering mechanisms and propagation of fracturing.
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Major cities of Central Mexico with subsidence problems
(dotted circles) are located in inter-volcanic and

", fault bounded basins within the central Trans-Mexican :

@ Volcanic Belt (TMVB). Brown colors indicate Plio-Quate % PRty __ o =)0
¢ volcanic and pyroclastic events, yellow colors indicate ~J et T
volcanosedimentary and lacustrine Quaternary deposits R

red colors indicate intrusive rocks
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(Geologic map from Ferrari et al., 2007).
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Land Subsidence and Ground Fracturing

Near surface sequences

Tensional open fracture without significant vertical
displacement

Ground fracturing
with 501 150 cm
height vertical

displacement . .
Geological faulting in

pyroclastic deposits
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Comparison of the critical parameters for the
evaluation of fracturing in a sedimentary basin

Eng.Geol. Features

Chalco Basin

Queretaro Basin

Main grain size

High plastic clays (CH)

Low Plastic silts (ML)

Grav. Water content 10071 300 % 30 %
Interstratified layers ash Tuffs
Mechanism of Differential Regional fracturing

displacement

fracturing consolidation

Propagation Plastic deformation Brittle failure
Land Om 2m
subsidence

Vertical fault unknown 0.8 m
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((( Mechanisms of ground fracturing

Factors that propitiate the nucleation and propagation
of fractures:

Lateral and vertical changes in the near-surface
stratigraphy
(interbbeded pyroclastics with lacustrine sediments)

Structural features such as pre-existing regional faulting,
and/or stepped bedrock topography;

Seismic activity (neo-tectonic);

Groundwater withdrawal
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Cdlle de Colima, Col. San Sebastian Tecoloxtitla. D.T. Ermita Zaragoza
Antena de 200 MHz —>» N

Monitoring as a tool

for
Risk managment
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Fracturas
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Limites de Materia Granulometria
Consistencia Organica

Correlation of Ground Penetrating Radar (GPR) recorded features with the variations of physical

properties of the near surface granular materials (soils, pyroclastics and sediments).
Depth of investigation 5 m.



E.G. Methodology

3D Geological Model of Queretaro



