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ABSTRACT: In this paper, a characterization of the subsoil along the railway network of the collective system of public transportation of 
Mexico City is presented. The subsoil characterization is based on models of spatial distribution of water content, which are constructed 
processing the results of a large number of geotechnical explorations and field tests using geostatistical methods. As a result, a set of 
longitudinal cross-sections of water content along of each railway routes and their corresponding stratigraphic cross-sections are 
presented. 

RÉSUMÉ: Cette communication présente la caractérisation du sol au long du réseau ferré du système de transport collectif de la ville de 
mexico. Cette caractérisation s’appuie sur des modèles géostatistiques de la distribution de la teneur en eau établis à partir des résultats de 
reconnaissances géotechniques et d’essais en place. Diverses sections transversales montrant la distribution de la teneur en eau le long des 
différentes lignes sont présentées ainsi que les coupes stratigraphiques correspondantes. 
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1  INTRODUCTION. 

In Mexico City, most structures are built on difficult soils 
which are characterized by their wide heterogeneity since they 
range from highly compressible and low strength materials in 
the lake and transition areas to the much more resistant 
materials of the surrounding hills. In addition, the subsoil is 
frequently affected by discontinuities including cracks, cavities 
and caverns. 

The regional subsidence that occurs in the lacustrine and 
alluvial areas of Mexico City as a consequence of the pumping 
of water in deep strata is an important source of damage to 
service networks and buildings in general. Soil cracking 
induced by contraction of the clays due to drying, the existence 
of stresses associated with the weight of the constructions, 
hydraulic fracturing or seismic movements is also a serious 
problem. 

In addition to the above, the existence in the subsoil of local 
geotechnical anomalies associated with natural phenomena or 
with the activity of man is a constant source of risks causing 
inadequate behavior and structural problems in a considerable 
number of buildings and infrastructure constructions. 

In this paper a methodology is proposed for the stratigraphic 
characterization of the subsoil and the evaluation of the 
geotechnical risks associated to the type of materials 
encountered, regional subsidence, subsoil cracks and 
geotechnical anomalies in the area of influence of the public 
transport networks in Mexico City. 

This is illustrated by the case of the Mexico City railway 
network system (Metro). The infrastructure of this network 
consists of complex concrete and steel structural systems 
founded on soft soil, including surficial slabs, viaducts and 
tunnels (COVITUR, 1987). 

 

2  LOCATION OF THE STUDY AREA 

The study area within Mexico City is presented in Figure 1 in 
the context of a Shadow Relief Model (SRM) of the Valley of 
Mexico showing the railway routes (1, 2, 3 4, 5, 6, 7, 8, 9, A, B 

and 12), as well as the stations. In the SRM, it is possible to 
identify the practically flat areas corresponding to the former 
lakes and the surrounding rock formations. 

 

 
Figure 1. Mexico City railway network (Metro). 

3.  GEOGRAPHIC INFORMATION SYSTEM FOR 
GEOTECHNICAL BORINGS 

To assess the configuration of the typical layers of the subsoil it 
was taken advantage of the profiles of geotechnical borings 
provided by public institutions and private contractors. These 
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profiles have been incorporated into a Geographic Information 
System developed by the Geocomputing Laboratory (GL) of 
Institute of Engineering, UNAM (Auvinet et al., 1995). 

This Geographic Information System for Geotechnical 
Borings (GIS-GB) includes a database with information on 
more than 10000 borings (type, date, location, depth, water 
table level, etc.) and a database of images of geotechnical 
profiles, which can be readily consulted (Figure 2).  

 

 
Figure 2. Geographic Information System for Geotechnical Borings. 

4.  SUBSOIL MODEL 

4.1  Horizontal model 

Article 170, Chapter VIII, of Mexico City Building Code (GDF 
2004a, 2004b), establishes that, for regulatory purposes, Mexico 
City is divided into three zones with the following general 
characteristics:  

Zone I. Hills, formed by rocks or hard soils that were 
generally deposited outside the lake area, but where sandy 
deposits in relatively loose state or soft clays can also be found. 
In this area, cavities in rocks, sand mines caves and tunnels as 
well as uncontrolled landfills are common. 

Zone II. Transition, where deep firm deposits are found at a 
depth of 20 m or less, and consisting predominantly of sand and 
silt layers interbedded with lacustrine clay layers. The thickness 
of clay layers is variable between a few tens of centimeters and 
meters. 

Zone III. Lake, composed of potent deposits of highly 
compressible clay strata separated by sand layers with varying 
content of silt or clay. These sandy layers are firm to hard their 
thickness varies from a few centimeters to several meters. The 
lacustrine deposits are often covered superficially by alluvial 
soils, dried materials and artificial fill materials, the thickness of 
this package can exceed 50 m. 

Figure 3 shows the railway network in the context of 
geotechnical zoning, where it can be seen that some short 
sections are located in different geotechnical zones. This 
situation may have an impact on the behavior of the structures. 

4 .2  Vertical model of Zone III 

The typical soil profile sequence in the lacustrine zone of 
Mexico City subsoil includes a thin superficial Dry Crust (DC), 
a First Clay Layer (FCL) several tens of meters thick, a First 
Hard Layer (FHL), a Second Clay Layer (SCL) and a second 
hard layer called "Deep Deposits” (DD), (Marsal and Mazari, 
1959). 

 

 
Figure 3. Railway network in the context of geotechnical zoning. 

5.  STRATIGRAPHIC CHARACTERIZATION 

The subsoil characterization is based on models of spatial 
distribution of water content, which are constructed processing 
the results of a large number of geotechnical explorations and 
field tests using geostatistical methods.  

For Mexico City, the water content, w(%), is the preferred 
soil index property for this type of analysis, especially for 
cohesive materials, due to the generally large number of data 
available and to the existing correlations between water content 
and material type and the mechanical properties.  

The theoretical basis of Geostatistics methodology have 
been published in other previous works (Krige 1962, 
Vanmarcke 1983, Auvinet 2002, Deutsch 1992, Juárez 2015). 
Therefore this work only presents applications of this 
methodology. From more the geotechnical borings stored in the 
Geographic Information System for Geotechnical Borings 
(GIS-GB), it is possible to elaborate cross-sections of water 
content along each railway network route. These models 
describe the general stratigraphy along each routes and permit 
identifying the main subsoil layers and their main 
characteristics.  

Water content w(%) is an index property that is useful for 
identifying the typical layers of Mexico City subsoil. High 
values of water content indicate the presence of soft soil with 
low shear strength (FCL) and (SCL) and low values are 
characteristic of formations with higher shear strength (DC, 
FHL and DD). Using geostatistical methods, some cross-
sections (virtual sections) were obtained from data set of water 
content, w(%). 

The methodology used for the construction of the 
stratigraphic sections is as follows:  
1. A geostatistical analysis of the spatial distribution of the 
water content along the line of each of the Metro lines is 
performed. The models constructed applying this methodology 
allow to know roughly the stratigraphy along of each railway 
nerwork routes.  

2. Using the models (cross-sections) of spatial distribution of 
estimated water content the main stratigraphic formations of the 
subsoil are defined: Dry Crust (DC), First Clay Layer (FCL), 
First Hard Layer (FHL), Second Clay Layer (SCL) and Deep 
Deposits (DD). 
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5.1  Spatial analysis of water content 

Applying geostatistical methods the water content, w(%), is 
considered as a random field V(X), distributed within an RP 

domain, with p = 3 (volume). The set of measured values within 
the RP domain is a sample of this random field. Figure 4 shows 
the location of the geotechnical borings used for this analysis 
(GL, 2016). 
 

 
Figure 4.  Location of geotechnical borings (GL, 2016). 

After removing a linear trend, a structural analysis was 
performed to obtain experimental correlograms (Figure 5) and 
to assess correlation distances (hor= 4500m and ver= 9.5m). 
The experimental correlograms were fitted to an exponential 
equation taking into account the corresponding correlation 
distances (Figure 5).  
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(a) Horizontal model 
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(b) Vertical model 

Figure 5. Spatial correlation models for water content. 

Applying the Kriging estimation method, a cross-section of 
estimated water content can be elaborated. As an example, 
Figure 6b shows the water content cross-section for a stretch of 
Route 4, between stations “Niños Héroes” and “Etiopía” 
(Figure 6a). The standard deviation of the estimation (Figure 
6c) is a parameter representing the degree of uncertainty 
associated with the estimation. In areas where many data 
(probes) exist, uncertainty is small, while in areas with scarce 
data, uncertainty increases. 

5.2  Stratigraphic cross-sections 

The spatial distribution of water content model (Figure 6b), 
shows that the first five meters correspond to a layer of 
materials with low water content (Dry Crust, DC). Under this 
layer, a stratum of considerable thickness is identified with high 
water content associated with the First Clay Layer (FCL). As 
can be seen, in the south direction, the thickness of this layer 
decreases and a series of interbedded less saturated materials 
can be observed. In this section a progressive change of the lake 
zone towards the transition zone is observed. 

 

 
a) Location of stretch Niños Héroes – Etiopía. 

 

 
b) Cross-section of the estimated water content, w(%) 

 

 
c) Standard deviation of the estimation 

 
d) Stratigraphic cross-section 

Figure 6. General procedure for subsoil stratigraphic characterization 
(Niños Héroes – Etiopía). 
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Under the FCL, a layer with low water content is identified, 
which corresponds to the First Hard Layer (FHL). It is also 
observed that the Second Clay Layer (SCL) thickness 
diminishes progressively until it is intersected by the Deep 
Deposits (DD). Finally, the stratigraphic section (Figure 6d), 
constructed from the spatial distribution model of the water 
content is presented, highlighting the main subsurface 
formations. 

Using this methodology for each and every one of the rail 
routes of the railway network, a 3D model (Figure 7) can be 
constructed that describes the spatial distribution of the water 
content along the lines of the railway system. 

6  CONCLUSIONS 

Recent advances in the geotechnical characterization of the 
subsoil of Mexico Valley using a Geographic Information 
System for Geotechnical Borings (GIS-GB) that includes more 
than 10,000 soil profiles have been presented.  

It can be concluded that geostatistical methods provide a 
rational tool for interpreting the available geotechnical 
information and to evaluate the spatial variability of the subsoil. 
They can be useful to eliminate a large part of the subjectivity 
generally introduced in traditional stratigraphical interpretations 
and will certainly be used much more frequently in the future. 

The methodology proposed in this work can be used to 
characterize the subsoil of other large cities. 
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Figure 7. Water content distribution along routes of the railway system. 

 
 

Water content, w(%) 
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