
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


Proceedings of the 17th International Conference on Soil Mechanics and Geotechnical Engineering  

M. Hamza et al. (Eds.)  

© 2009 IOS Press.  

doi:10.3233/978-1-60750-031-5-179 

179

Behavior and geotechnical properties of lahares and volcanic ashes in the Baba River 
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Comportement et propriétés géotechniques les lahares et les cendres volcaniques dans la Vallée de la 
Rivière Baba, Ecuador
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University of Guayaquil. 
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ABSTRACT 
During the excavations to lay the foundations of the spillway of a dam on the Baba River, located to 200 km Southwest of Quito,
Ecuador´s Capital, the previous explorations were confirmed when there was discovered a "volcanic waste" produced by the eruptions
of Quilotoa Volcano during the Recent Holoceno. The Quilotoa, volcano today off, have 4000 meters height and located 60 km to the
East of the site of the dam. During the recent Holoceno, a series of volcanoes, including the Quilotoa, spilled their volcanic materials
on Los Andes buttress, particularly by where the Baba River runs from North to South. 
This paper presents the main physical properties of these soils, particularly of the lahares and ashes, on the different degrees of
weathered, as well as their behavior like material for refilling and in slopes of the excavations. 

RÉSUMÉ
Pendant les excavations pour cimenter le drain d'un barrage sur la Rivière Baba, située à 200 Km au Sud-ouest de Quito, le capital de 
l'Ecuador, on a confirmé les explorations préalables en étant découvert un "boueur volcanique" produit des éruptions du Volcan
Quilotoa pendant le Holoceno Récent. Le Quilotoa, volcan actuellement éteint, a une hauteur de 4.000 m et est éloignés 60 Km à l'Est
de l'emplacement du barrage. Pendant le Holoceno récent, une série de volcans, plus de au Quilotoa, ont versé ses matériaux
volcaniques au pied de la Cordillère de de Eux Marche, particulièrement par où court la Rivière Baba de Nord à Sud.  
Cet article présente les propriétés physiques principales de ces sols, en particulier des lahares et des cendres, sur les différents degrés
de survécu à, aussi bien que leur comportement comme le matériel de rempli et dans les pentes des excavations. 

Keywords : volcanic avalanches, lahares, ashes, “volcanic waste", lacustrine soils, alluvial deposits, susceptibility degrees of
weathered. 

1  SUMMARY OF REGIONAL GEOMORPHOLOGY 

1.1 Introduction 

The Ecuadorian Geotechnical Engineering has its early 
beginnings in the tropical volcanic region from the studies for 
the construction of the transmission line of the Paute Project 
(1,500 MW.) in the 70s. The foundations of the towers were 
laid in the River Guayas Basin that is the most extensive 
region of the country where volcanism has deposited its 
products thanks to the winds that come from the East towards 
the Pacific Ocean. 
In 1987, the Daule-Peripa Dam was concluded. It is located to 
the western end of the high side of the Guayas River Basin. 
Has a dike of 17 km that extends towards the East by the left 
margin of the old channel of the Peripa River, within the 
aluvial volcanic terrace. This dike has a height average of 10 
m and 30 m, in this case, major of the Baba Dam. 
The Baba Dam, is totally located within the alluvial-volcanic 
terrace of the Guayas River Basin, that is, the dam, reservoir, 
spillway and the works of the transfer, including the 
hydroelectric power plant. 
By the position of the Baba Dam, on the Los Andes buttress, 
the alluvions, in the riverbed and the terraces, are permeable 
and the volcanic ashes are very young in the zone, with a silt 
behavior, this is of little weathering, and generally very 
vulnerable to the erosion and some times so fragile. 
Volcanic sands badly graduated under the phreatic level or 
that is going to be submerged under to the works, of low 
resistance to the standard penetration, and that can be 
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considered like susceptible to liquification, they have been 
detected in the zone of the spillway with small thicknesses, 
that are being delimited for a treatment in situ. 
Finally, the volcanic ashes weathering in the tropical 
ambience present difficulties for refilling, due to their high 
humidity and the capacity to change their physical properties 
during the mechanical compaction, humidification or drying. 

2   BRIEF GEOMORPHOLOGICAL DESCRIPTION OF 
THE  BABA PROJECT 

The site of the Project is in a valley section of the Baba River, 
of direction N-S, practically on the toe of one of the most 
active volcanos of South America, the Quilotoa Volcano, to 
60 km to the East, today off, that initiated its eruptions of 
continental effect 5,000 years ago. (Figure 1). 
The mixed and alternate volcanic products with alluvions, as 
well as lacustrine deposits, lagoons and marshes, constitute 
the anticlinal refilling where the Guayas River Basin is 
located, in 2 km of thickness, 

Fig. 2. Geologic profile of the left Abutment of the Spillway Baba 
Dam.                                                                  

Photo 1. Geologic profile of the left Abutment of the Spillway 
Baba Dam.

between the Los Andes mountain range, to the East, and the 
Chongón - Colonche mountain range, throughout the coast of 
the Pacific. 
This mountain range that arose of the sea during the recent 
quaternary strongly has been eroded, in a sedimentary process 
where the mixed of effects of El Niño, volcanism, as well as 
by the elevation of the sea level.  

In fact, in the site of the Baba Project, the volcanic rocks nor 
sedimentary do not arise, but have alluvial-volcanic soils. The 
rocks of the Cretáceo arise 20 km to the East of the project. 

Fig. 3. Geologic profile of the Powerhouse site.

Symbology: 
1.- Silty Ashes  
2.- Silty Gravel 
3.- Clayey ashes consolidates 
4.- Lahar formed by gravel, sands, ashes and rest of trees. 
5.- Clayey ashes consolidates 
6.- Alluvial Gravel and sands  
7.- Silty ashes consolidated 
8.- Alluvial Sands. 
V99 Elevation. 

These alternate refillings, origin of alluvial, aeolian or 
lahares, have undergone a weathering that becomes more 
intense towards the West where decreased the rains, reason 
why in the site of the project the predominate soils are very 
permeable, fragile and highly sensitive, like the silts, sands 
and gravel, as well as lahares formed by volcanic avalanches 
mixed with ashes, sands and rest of burned trees. 
In the soils appear clay mineral, very weak in the site of the 
project, increasing the percentage towards the West, where 
we have found clay in great volume, like those of the valley 
of the Chaune River in the Estero Azul. 
Also it is necessary to mention that the project to practically 
be on the toe of Los Andes Mountain Range that rise to 4,000 
m, exist presence of artesian water outcrops until the level of 
the surface of the terraces of the rivers, as it happens in the 
site of the hydroelectric power plant. 

3   CHEMICAL AND PHYSICAL PROPERTIES 

3.1 Mineralogic study by x-ray diffraction.

Tests of diffraction with samples of ashes and clays were 
realised in the area of the Baba Project, in March and August 
of the 2007. The results were the following:  

Silty ashes. Superior level Channel 1:  
Quartz         19%  
Andesina   10%.  
Kaolinite  24%  
Halloysite        14%.  
Gibsite         20%.  
Others.   13%.  

Clays, borrow 1 and 4 of boring SCA-1, 4A and 4B, between 
4 and 16 meters.  

Quartz    16%   -   24%. 
Andesina    5%   -     7% 
Kaolinite  43%   -    63% 
Halloysite          7%   -    21%. 

3.2 Silty Ashes. 

The volcanic ashes behave generally like silty soil (ML - MH) 
when they are young and then, by environmental weathering 
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physico-chemical processes are transforming itself into clay 
soils (CL - CH), as they show the results of x-ray diffraction. 
These young ashes, with little weathering, with silty behavior, 
have very slight Dry Strength, high sensitivy, high humidities, 
that easily modify their behavior. They are inherently 
unstable when they are remolding, and are very difficult to 
compact. 
These ashes are located under the A Line of Casagrande and 
have a relation wL/Ip between 2 and 4 in the Mineral 
Gradient Chart (Fig. 4 and 5). 

Fig. 4. Baba Project, plasticity chart, volcanic ashes, Slight Dry 
Strength, samples core from the boring in Chanel 1, from level 134 to 
level 114. 

Fig. 5. Baba Project, Mineral Gradient Chart of The Chaune Clay 
(High to Very High Dry Strength), and Volcanic Ashes (Slight Dry 
Strength), (Ref. Marín-Nieto L. XIV ICSMFE, Hamburg 1997). 

3.3 Clays of volcanic origin

The clay deposits with high plasticity appear 10 km to the 
West of the River Baba, more distant of the axis of Los Andes 
volcanos. It is probable that the less humid climate in that 
site, facilitates the weathering process, or the ashes

are product of another volcano different from the Quilotoa, 
with different chemical composition. 

These clays have high plasticity with high to very high Dry 
Strength, low sensitivity,  good workability and average 
humidities. They do not change his behavior when they are 
remolding, for example during the compaction, being located 
under the A Line of Casagrande and its relation wL/Ip are 
between 2 and 3, that they correspond to clays of high Kaolin 

content. (Fig. 5 and 6). 

Fig. 6.- Baba Project, Plasticity Chart of The Chaune Clay. High to 
very High to Very High Dry Strength. June 12/2008. 

4. CONCLUSIONS. 

In a developing country, the knowledge of the properties and 
the behavior of soils are a very important challenge, 
particularly when they are rare soils like the youthful volcanic 
soils, of which there is not much bibliography in the world 
applicable in Ecuador. 
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