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Abstract. Geological and structural conditions in the Basin of Mexico coupled with natural and anthropogenic

factors, such as groundwater exploitation, provokes land subsidence and differential deformation. The study area

is located in to the north of Iztapalapa, a municipality within Mexico City, in a site called “El Eden” with irregular

topography. Where volcanic sequences overlie the lacustrine deposits of clays and silts and show displacements

by the action of gravity. The displacement zone was delimited at the top of the slope by the formation of circular

tensile fractures with stair -shaped geometries. At the base of the slope, compressive processes damaged housing,

sidewalks and inclined light poles and trees. A NW-SE system of fractures was identified in which displacement

velocities vary from a few millimeters to several centimeters per year. Which affects urban facilities. In this work

a conceptual model of deformation is presented that integrates the geological and mechanical factors leading to

landslide and land subsidence. A geophysical survey leads to evidence of how land subsidence processes increase

the sliding slope.

1 Introduction

Mexico City (MC) is located within the Basin of Mexico, an

endorheic basin whose morphology is the result of the in-

teraction of volcanic and sedimentary processes. Nowadays

the highest records of subsidence and ground fracturing are

located at the northeast side of the city. More than 30 % of

the total surface has been damaged by processes related to

the subsoil deformation within the Iztapalapa area. From a

geomorphologic point of view the study area is comprised

of three units (Fig. 1): (1) the highland, formed by volcanic

deposits, (2) the slope zone, consisting of alluvial sequences

and reworked volcanic deposits and (3) the lacustrine plain,

formed by silty clayey sequences interbedded with fluvial

and volcanic materials. In the zones 2 and 3, the geological

conditions coupled with groundwater extraction, seismicity,

static and dynamic loads, facilitate the development of land

subsidence and ground fracturing, causing significant dam-

age to urban infrastructure.

In Iztapalapa subsidence ranges from 10 to 40 cm year−1

(López-Quiroz, 2009) and three systems of fracturing affect

the 10 % of its total surface (Carreón-Freyre, 2010). The

study area called “El Eden”, of about 0.15 km2, is located

at the-northeast sector of Iztapalapa became highly dam-

aged by localized deformation and fracturing. The subsoil is

composed of sequences of volcanic materials from the Santa

Catarina volcanic range, interbedded with pyroclastics, flu-

vial and lacustrine deposits (that correspond to the former

Texcoco Lake). The topography is irregular and the volcanic

sequences that overlie the lacustrine deposits of clays and

silts displaced by the action of gravity. The movement zone

was identified at the top of the slope by the formation of cir-

cular tensile fractures with stair shaped geometries.

At the base of the slope, compressive processes damaged

housing, sidewalks and inclined light poles and trees. In this

work a conceptual model of deformation is presented that

integrates the geological and mechanical factors leading to

landslide and land subsidence. The average depth of the con-

tact zone and areas of fracturing and compression and a NW-

SE system of fractures are identified.
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Figure 1. Location of the Mexico basin (in green) in the central

part of Mexico. Whithin the Basin of Mexico is located the Mexico

City (blackk dotted line, also called Distrito Federal) and the Izta-

palapa municipality (red line). The location of “El Eden” Study Site

is shown with a magenta star.

2 Geological setting

The morphological features of Mexico City are due to the in-

teraction of faulting systems and volcanic activity from the

Oligioceno to Miocene (Mooser at al., 1974). The subsoil is

mainly composed of sedimentary rocks of the Upper Cre-

taceous, Tertiary and Quaternary volcanic and recent fluvio-

lacustrine sequences. In the Iztapalapa zone higher structures

correspond to volcanic buildings composed by andesites,

basalts and pyroclastic rocks of the Pliocene-Pleistocene

Santa Catarina Range, Cerro de la Estrella and Peñón del

Marques. Along these structures the former Texcoco Lake

covered the volcanic plain that was filled by lava flows,

andesitic-basaltic pyroclastics (tuffs and ashes) as well as

alluvial and lacustrine deposits (sand, silt and clays). From

the mapping of subsidence and ground fracturing three main

facture systems were identified in Iztapalapa: (a) the NE-

SW system, aligned with the Santa Catarina Range (b) the

WNW-ESE system aligned with the edge of Texcoco Lake

and, (c) the system of tensile fractures surrounding the Peñón

del Marqués (Fig. 2).

3 Ground fracturing in slope areas of Iztapalapa

Fractures mapped in Iztapalapa are concentrated around the

border of the Santa Catarina Range and the Peñón del Mar-

ques volcano. These systems exhibit preferential directions

of fracturing NE-SW and NW-SE, changes in the direction

Figure 2. Detailed mapping of fracturing in Iztapalapa (red lines).

The Santa Catarina Range is located to the south-eastern sector

of Iztapalapa and the Peñon del Marques volcano is located to

the north-east. Black circles correspond to the six indentified mass

movements.

suggest that they are associated with the shoreline of the for-

mer Texcoco Lake and follow contacts between lake sedi-

ments (clays and silts) and buried lavas or pyroclastics (flow,

surges and fall deposits) (Fig. 2). After mapping-in slope bor-

ders of the Santa Catarina range, six mass movement areas

were identified. These areas are showing gravitational dis-

placements that can be associated with the paleomorphology

of the volcanic structures formed at the same period as Tex-

coco Lake, and that may be covered by volcanic-sedimentary

deposits (Fig. 2).

In these areas slopes vary from 3 to 10◦ and the vol-

canic deposits are often interbedded with fluvio-lacustrine

sequences (Fig. 3). The lithological contacts become sliding

planes that determine a lateral spreading and fracturing of

the surface materials associated with vertical and/or horizon-

tal displacements. The contrasting physical and mechanical

properties of lacustrine sequences (low shear strength and

high compressibility) and pyroclasts materials (non-plastic,

porous and non-cohesive), the irregular topography and cou-

pled with groundwater exploitation facilitates the develop-

ment of land subsidence. This phenomenon causes gradual

changes in the thicknesses of the lacustrine sequences in turn

modifying the original slope, this condition trigger a gravity

process of “mass movement” with orders of magnitude rang-

ing from some mm to many cm per year. These “masses”

displace overlying irregular surfaces that are lithological con-

tacts and generates shear fissures between both geological

materials. The morphological features of this phenomenon

consist of tensile fractures in the upper zone, with variable

length and irregular geometry, often concave, with signifi-

cant vertical displacements (0.3 to 1 m in average). The stress

fractures have variable length, opening and direction. While
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Figure 3. Schematic geological section of the piedmont zones in the Santa Catarina Range. Phenomena of land subsidence in the lacustrine

plain (left) associated with mass movements processes (right) over a detachment surface are shown.

in the front area a compression process has been mapped by

damage on sidewalks and walls, as well as distortion struc-

tural elements of houses. The depth of the lithological con-

tact acting as a detachment surface depends on the fabric and

morphology of the deposit (Fig. 3).

4 Field mapping at “El Eden” study site

From the six sites with identified mass movement processes,

the site with the highest reported damage is called “El Eden”,

located at the northeast sector of Iztapalapa (Fig. 4). The sub-

soil sequence is composed by silty clays and volcanic de-

posits, lava and fall, identified through information collected

from previous geotechnical boreholes and outcrops nearby

the study area. The zones identified within “El Eden” mass

movement are shown in the map of Fig. 4. The orange area,

of about 38 000 m2, corresponds to a tensile zone with NW-

SE stepped fractures spaced every 45 m. The yellow area,

of about 35 000 m2, indicates a high deformed compressive

zone. The levelling survey in the study site shows an ir-

regular topography that can be associated with the paleo-

morphology of a buried volcanic structure, part of the same

Santa Catarina Range. Altitude variations ranges from 0.5

to 8 m and slopes obtained by the interpolation of levelling

points vary from 0 to 12◦.

A geophysical survey was performed to characterize the

subsurface structure. The 2-D MASW method was applied

for obtaining S wave patterns, with the analysis variation of

velocities of shear waves in depth, it was possible to identify

the depth of lithological contacts and the thicknesses of the

prospected layers. A 40 m length profile with an estimated

penetration depth of 15 m is shown in Fig. 5. A sequence of

3 layers was characterized: (1) A high plasticity lacustrine

clay, at a depth from 0 to 2 m, with an S wave velocity less

than 180 m s−1; (2) Black sands interbedded with silt and py-

roclastic fall deposits, at depths from 2 to 6 m depth, with

Figure 4. Location of “El Eden” Study Site in Iztapalapa. Orange

colour indicate the tension area and the yellow colour the compres-

sive area. Fractures are shown as red lines.

a s wave velocity varying than 180 to 300 m s−1; and, (3)

fractured lava and pyroclastic flows with S wave velocities

greater than 300 m s−1. The detachment surface of the mass

movement was located a depth 3 m.

5 Conclusions

Land Subsidence in the Iztapalapa area of Mexico City is as-

sociated with mass movement processes in the slope-area of

the two main volcanic structures, the Santa Catarina Range

and the Peñon del Marques volcano. Slope changes due to

land subsidence in the lacustrine plains causes instability in

areas where the subsoil is composed of high plasticity clays

from Texcoco Lake, along with interbedded sandy and silty

ashes and fractured lava flows.
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Figure 5. 1-D S-Wave velocities model from the 2-D MASW Method showing a 15 m depth of investigation. Three layer according to the

shear velocities were identified (1) lacustrine clays, (2) sand, volcanic ashes; (3) volcanic flows and fractured lavas.

Figure 6. Conceptual model of the mass movement processes associated to land subsidence. (a) Initial conditions before consolidation of

lacustrine sediments; (b) Mass movement showing the tension and compression zones in the upper and lower part of the slope respectively.

Black arrows indicate the movement direction.

A conceptual model of the mass movement in the “El

Eden” study site is presented (Fig. 6). A sliding slope was

delimited into two strips, the upper zone and the front area.

The upper zone is under tensional strees because of lateral

spreading with stepped fracturing systems and parallel ge-

ometries. The front zone is under compressional stress caus-

ing significant damage to urban structures. The clayey layers

behave as detachment surfaces that could be identified by the

2-D MASW method because of its low S wave velocities.

The mass movements associated with land subsidence

processes are of greatest importance in Iztapalapa because

the damage caused to housing and urban facilities (roads

and pipes), where the demaged area covers approximately

74 000 m2.
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