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Abstract 

 

Semiarid environments are climatically, ecologically, hydrologically and socio-economically complex 

systems, particularly when they are subject to climate change and anthropic interventions. The 

northern coast of Chile shows a very strong influence of the ENSO (El Niño South Oscillation) 

dynamics and El Niño events that triggered landslides, debris flows, flashfloods and river flooding. 

These natural processes are considered as hazards that negatively affect human settlements. In the 

study area, the growth of urban areas and the expansion of cultivated agricultural land for export 

purposes has generated and increased susceptibility to natural hazards and hence, increased the related 

risks.  

 

These systems show particular features and landforms inherited from different morpho-climatic 

domains. Hence, an assessment of the present day landscape must take into account the inherited 

landforms and features as well as present day landscape forming processes. The geomorphic processes 

in the catchments draining into Coquimbo Bay are activated and turn into dynamic conditions during 

extreme rainfall episodes associated with El Niño events. Hence, they trigger geomorphological and 

hydrological processes that activate the hydrographic network with a sporadic regime. Consequently, 

there is sediment transport through the watershed to the shoreline that is kept in balance by sandy 

beaches and accumulation in the sand dune fields despite semi-arid environmental conditions. 

 

We hypothesize that the morphodynamic stability of the coastal range and its associated catchments 

with high geodynamic potential is linked to the occurrence of extreme pluviometric events. In 

consequence, the basins are episodically reactivated generating extreme morphological dynamics 

affecting existing populated areas. These processes dominate the current sedimentary transfer 

mechanism from the basins to the waterfront and longshore. 

 

Consequently, this study contributes to the understanding of the geomorphological dynamics of the 

semiarid coastal area of Chile that is highly affected by extreme weather events. In turn these events 

trigger dynamics processes and natural hazard conditions.  

 

The methodology to achieve the aims and objectives of this study is based on detailed 

geomorphological analyses of the study area. This includes the generation of a geomorphological map 

according to the main influencing processes and related forms and features. Particularly, the landscape 

is characterized by the relationship between slope systems determined by their lithology and the 

potential mass contribution to the stream network. The geological information was extracted from 

geological maps. Fluvial terraces, alluvial fans and glacis were mapped based on stereo 

photointerpretation and validated by a field survey during 2012-2014.  
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The geomorphological information was complemented by derivatives from a detailed GIS-based 

terrain analysis. The resulting topographic indices are used as proxies to determine the susceptibility to 

geohazards. We assessed the present day fluvial and slope processes using the following topographic 

indices: i) Stream Power Index (SPI) is a measure of the erosive power of concentrated water flows or 

streams; ii) Transport Capacity Index (TCI) also known as LS-Factor of USLE identifies areas prone 

to areal soil erosion processes due to rill, inter-rill sheet flows; iii) Topographic Wetness Index (TWI) 

expresses the potential runoff related to soil saturation; iv) the Modified Catchment Area (MCA), v) 

the Vertical distance to River Network and vi) Altitude Above Stream Channel Network (AACN) 

delivers information about the spatial configuration of flooding areas. The latter one is also known as 

an isobase map. The MCA considers the flow pattern in a more realistic way. For the sake of 

simplicity, the modeling was performed based on the assumption that the landscape has a 

homogeneous and undifferentiated geologic substrate. 

 

The study shows that the study region is subject to episodic, high-energy geodynamic events that 

induce natural hazards. However, the vulnerability is quite low due to a scarce settlement density, 

except along the coast. The fluvial dynamics of the tributary river catchments generate floods in the 

Elqui River, and in the smaller catchments downstream especially within the city of La Serena. This 

city, which is the capital of the Coquimbo region, is particularly affected in the urban expansion areas 

that are located on the Holocene marine terrace, not more than 6-7 m.a.s.l. as well as on the low river 

terraces, which have been declared urban or peri-urban areas. These sectors have not been flooded 

since 1997 when they were still declared as urban areas. 

 

The smaller basins of the coastal range, which generate flash floods and river floods with extreme 

precipitation events, especially during ENSO El Niño, generate natural hazards and hence a specific 

risk for the population and the industry as well as agricultural zones in the valley and the coastal areas. 

On the other hand, the relationship between the catchment and the coastal zone is reflected through 

sedimentary transfer along the shore. The foredune and sand field dune are features and natural 

systems that are in an evolutionary trend of a progressive accretion shoreline. 

 

The obtained results show that through a detailed terrain analysis, combined with classical 

geomorphological mapping methods, natural hazards can be assessed and hence, this leads to a better 

understanding of the conditions of exposure and vulnerability of populated settlements and 

infrastructure.  
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Zusammenfassung 

 

Semiaride Bereiche sind klimatisch, ökologisch, hydrologisch und sozioökonomisch gesehen 

komplexe Systeme, insbesondere wenn sie dem Klimawandel und anthropogenen Eingriffen 

unterliegen. Die Nordküste von Chile zeigt einen sehr starken Einfluss der ENSO (El Niño Southern 

Oscillation) Dynamik und El Niño Ereignisse lösen regelmäßig Erdrutsche, Muren, Sturzfluten und 

Hochwasser aus. Diese natürlichen Prozesse werden als Gefahren betrachtet, die negativ auf 

menschliche Siedlungen und Infrastrukturen einwirken können. Im Untersuchungsgebiet hat die 

Anfälligkeit für Naturgefahren und den damit verbundenen Risiken durch das Wachstum von urbanen 

Flächen sowie die Ausweitung der landwirtschaftlichen Flächen für den Export enorm zugenommen. 

 

Die Geomorphologie des Untersuchungsraumes ist charakterisiert durch Besonderheiten und 

Landschaftsformen, die in verschiedenen morphologisch-klimatischen Domänen gebildet wurden. 

Daher muss eine Bewertung der heutigen Landschaft die geerbten Formen und Eigenschaften sowie 

die heutigen Formungsprozesse berücksichtigen.  

 

Die geomorphologische Prozesse in den Einzugsgebieten der Coquimbo Bucht wurden durch 

Hebungsprozesse bzw. Meeresspiegelabsenkung aktiviert und durch extreme Niederschlagsepisoden 

im Zusammenhang mit El Niño-Ereignissen noch weiter verstärkt. Die Folge sind 

Überschwemmungen, Sturzfluten und Muren die das Gewässernetz sporadisch aktivieren. Folglich 

gibt es einen Sedimenttransport zur Küste hin, der sich in Form von Sandstränden und 

Sanddünenfeldern trotz semiariden Klimaregimes manifestiert. 

 

Wir postulieren, dass die morphodynamische Stabilität des Küstenbereichs und der dazugehörigen 

Einzugsgebiete an das Auftreten von extremen Niederschlagsereignissen geknüpft ist. In der Folge 

werden die Flusseinzugsgebiete episodisch reaktiviert zu erzeugen eine extreme morphologische 

Dynamik, welche die besiedelten Gebiete gefährdet. Diese Prozesse dominieren die aktuellen 

Sedimenttransfermechanismen aus den Flusseinzugsgebieten hin zum Strand und Küstensaum.  

 

Folglich trägt diese Studie zum Verständnis der geomorphologischen Dynamik des semiariden 

Zentralchilenischen Küstenbereichs bei, der stark von extremen Wetterereignissen betroffen ist. Die 

Dynamik der daran gekoppelten Prozesse führt zu einem bestimmten Gefährdungspotential.  

 

Die in dieser Studie verwendete Methodik basiert auf detaillierten geomorphologischen Analysen des 

Untersuchungsgebietes. Dies beinhaltet die Erstellung einer geomorphologischen Karte, welche die 

dominanten Prozesse sowie den daran gekoppelten Formenschatz abbildet. Insbesondere wird die 

Landschaft durch die Beziehung zwischen Hangsystemen und Abflußnetz über die Lithologie und die 
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möglichen Massenflüsseins Abflußnetz näher charakterisiert. Die geologischen Informationen wurden 

aus geologischen Karten extrahiert. Fluviale Terrassen, Schwemmkegel und Glacis wurden durch 

Stereophotointerpretation und über Feldstudien, die in den Jahren  2012-2014 durchgeführt wurden 

erfasst. 

 

Die geomorphologischen Informationen wurden durch eine detaillierte GIS-basierte Geländeanalyse 

ergänzt. Die erhaltenen topographischen Indizes werden als Proxies verwendet, um die Anfälligkeit 

für Georisiken zu bestimmen. Wir beurteilten die heutigen fluvialen und Hangprozesse unter 

Verwendung der folgenden topographischen Indizes: i) der Stream Power Index (SPI) ist ein Maß für 

die Erosionskraft konzentrierter Wasserströme; ii) der Transport Capacity-Index (TCI) auch als LS-

Faktor von der USLE bekannt, identifiziert Bereiche, die anfällig für flächige Bodenerosionsprozesse 

sind (Inter-Rill und Schichtfluten) ; iii) der Topographische Wetness-Index (TWI) entspricht dem 

potenziellen Abfluss durch Bodensättigung (suration excess overland flow); iv) Das modifizierte 

Einzugsgebiet (MCA), v) der Vertikalabstand zum Fluss-Netzwerk und vi) die Höhe über dem 

Abflussnetzwerk (AACN) liefert Informationen über die räumliche Konfiguration der 

Überschwemmungsgebiete. Aus Gründen der Einfachheit wurde die Modellierung auf Basis der 

Annahme durchgeführt, dass die Landschaft, eine homogene, undifferenzierte geologischen 

Schichtung hat. 

 

Die vorliegende Untersuchung zeigt, dass der Untersuchungsraum episodischen Extremniederschlägen 

unterliegt. Letztere führen zu hochenergetischen, geodynamischen Prozessen die entsprechende 

Naturgefahren hervorrufen. Allerdings ist die Vulnerabilität dieser Naturgefahren sehr niedrig 

aufgrund der geringen Besiedlungsdichte des Küstenbereiches. Die fluviale Dynamik der 

Flusseinzugsgebiete führt zu Überschwemmungen des Elqui-Flusses, sowie in den kleineren tributären 

Einzugsgebieten. Insbesondere die Stadt La Serena und vor allem die tieferen Flussterrassen und 

holozänen Marinen Terrassen die nicht über 6-7 m üNN liegen sind von den Starkregenereignissen 

und den daraus resultierenden Überflutungen betroffen. Hierbei handelt es sich vorwiegend um 

Neusiedlungsgebiete, welche seit 1997 nicht überflutet wurden und daher zu neuen Siedlungsgebieten 

deklariert wurden. 

 

Die kleineren Becken des Küstengebirges, die Sturzfluten und Flusshochwasser vor allem während 

ENSO El Niño Ereignissen mit extremen Niederschlägen generieren, unterliegen somit einem 

spezifischen Risiko insbesondere für die Bevölkerung, die Industrie und die landwirtschaftlichen 

Bereiche.  

Zwischen den Einzugsgebieten und der Küstenzone kann ein Sedimenttransfer konstatiert werden, der 

entlang der Küste durch einen spezifischen Formenschatz gekennzeichnet ist. Vordünen und 
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Sandfelder sind Merkmale einer evolutionären Entwicklung mit einer progressiven 

Sedimentverlagerung entlang der Küste. 

 

Die Ergebnisse zeigen, dass durch eine detaillierte Geländeanalyse kombiniert mit klassischen 

geomorphologischen Abbildungsverfahren, Naturgefahren erfasst, analysiert und beurteilt werden 

können. Dies führt zu einem besseren Verständnis der Gefährdung und Vulnerabilität besiedelter 

Bereiche und Infrastrukturen.  
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Resumen 

 

Los ambientes semiáridos son sistemas complejos desde el punto de vista climático, ecológico, 

hidrológico y socio-económico; esta situación se ve agudizada bajo escenarios de cambio climático e 

intervenciones antrópicas. La costa norte de Chile muestra una fuerte influencia del fenómeno de El 

Niño (ENSO) a cuya dinámica se asocian procesos geomorfológicos como deslizamientos, flujos, 

avenidas e inundaciones fluviales. Estos procesos naturales son considerados como amenazas de 

origen natural y afectan negativamente a los asentamientos humanos. En el área de estudio, el 

crecimiento de las zonas urbanas y la expansión de las tierras agrícolas  con fines de exportación ha 

generado el aumento de la susceptibilidad a los desastres naturales y el aumento de los riesgos. 

 

El paisaje presenta características que evidencian su condición de relieve heredadas de diferentes 

dominios morfo-climáticos. Los procesos geomorfológicos en las cuencas que desembocan en la 

Bahía de Coquimbo durante eventos extremos de El Niño se activan a través de la dinámica 

geomorfológica e hidrológica, sobre todo a través de las laderas y red de drenaje de régimen 

esporádico. En consecuencia, se evidencian los procesos de transporte de sedimentos a través de las 

cuencas hacia la costa manteniendo así la condición de equilibrio sedimentario en las playas arenosas 

y campos de dunas, a pesar de las condiciones ambientales semiáridas. 

 

Se postula, que la estabilidad morfodinámica de la Cordillera de la Costa y sus cuencas asociadas con 

un alto potencial geodinámico, está vinculado a la ocurrencia de eventos pluviométricos extremos. En 

consecuencia, las cuencas se reactivan episódicamente generando dinámicas morfológicas extremas 

que afectan a las zonas pobladas existentes. Estos procesos dominan el mecanismo de transferencia 

sedimentario actual de las cuencas a la línea de costa. 

 

Este estudio contribuye a la comprensión de la dinámica geomorfológica de la zona costera semiárida 

de Chile que está muy afectada por los fenómenos meteorológicos extremos. A su vez estos 

acontecimientos desencadenan procesos en las cuencas y el litoral asociado, generando condiciones de 

amenaza y riesgos. 

  

La metodología empleada para el cumplimiento de los  objetivos de este estudio se basa en el  análisis 

geomorfológico de la zona de estudio. Esto incluye la generación de la cartografía geomorfológica de 

acuerdo con los principales procesos que influyen en la dinámica actual del sistema. El paisaje se 

caracteriza por la relación entre los sistemas de laderas determinados por su litología y por la 

contribución de masa a la red de drenaje. Las terrazas fluviales, conos aluviales y glacis se 

identificaron a través de fotointerpretación y validación con  trabajo de terreno en 2012-2014. 
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La información geomorfológica se complementó con un análisis detallado del terreno basado en  

herramientas SIG. Los índices topográficos resultantes se utilizan como indicadores para determinar la 

susceptibilidad a determinados procesos dinámicos. Se utilizaron los siguientes índices topográficos: i) 

Stream Power Index (SPI) que es una medida de la potencia erosiva de los flujos concentrados ii) 

Transport Capacity Index (TCI), también conocido como LS-Factor de USLE que identifica las zonas 

propensas a procesos de erosión del suelo  iii) Topographic Wetness Index (TWI) que expresa la 

escorrentía potencial relacionada con la saturación del suelo; iv) la cuenca hidrográfica modificada 

(MCA), v) la distancia vertical al río y vi) Altitud del flujo en relación a la red de canales (AACN) que 

entrega información sobre la configuración espacial de las zonas de inundación. Este último también 

se conoce como mapa isobase. En función a la modelización a ser realizada se asume que el paisaje 

tiene un sustrato geológico homogéneo.  

 

El estudio muestra que la región de estudio está sujeta a eventos geodinámicos episódicos, de alta 

energía que inducen a las  amenazas  naturales. Sin embargo, la vulnerabilidad es bastante baja debido 

a una escasa densidad de los asentamientos, excepto a lo largo de la costa. La dinámica fluvial de las 

cuencas de los ríos tributarios genera inundaciones en el río Elqui y hacia aguas abajo afectando el 

erea urbana de la ciudad de La Serena. Esta ciudad, que es la capital de la Región de Coquimbo, se ve 

afectada particularmente en las áreas de expansión urbana que se encuentran en la terraza marina del 

Holoceno, a no más de 6-7 m.s.n.m. así como en las terrazas fluviales bajas, que han sido incorporadas 

como áreas urbanas o periurbanas.  

 

Las sub cuencas de la Cordillera de la Costa  durante eventos ENSO El Niño, pueden desarrollar un 

rápido  drenaje a través del escurrimiento superficial en una red hidrográfica  en estado de latencia 

durante las estaciones de sequìas. Durante estos eventos extremos se genearn crecidas fluviales 

(avenidas) que drenan hacia el sistema principal, del Rìo Elqui. Ello puede generan inundaciones y 

crecidas de los ríos y condiciones de amenazas naturales y por tanto, una condición de exposición de 

la población y  las actividades económicas, sean la agricultura y la agroindustria, sobre todo en los 

valles y expansión urbana en la  zona costera. Por otro lado, la relación entre las cuencas  y la zona 

costera se ve reflejada  a través del transporte de sedimentos a lo largo de la línea de costa. Los 

campos de dunas son una característica de esllo y tales sistemas naturales se encuentran en un  estado 

y tendencia evolutiva asociada a una línea de costa de acreción progresiva.  

 

Los resultados obtenidos muestran que a través de un análisis del terreno en herramientas SIG 

complementado con  métodos de cartografía geomorfológica se puede avanzar en la evaluación de las 

anemazas de origen natural y poder contribuir a una mejor comprensión de las condiciones de 

exposición y vulnerabilidad de los asentamientos y poblados 
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1. - Introduction   

 

The semi-arid coastal region of Chile has not been studied in depth from a geomorphological 

perspective and especially in relation to the dynamics and relationships between catchment processes 

and coastal areas. This study contributes to the understanding of the sediment transfer processes and 

hence the evolution of coastal landscapes and assesses the natural hazards and related risks. 

 

The Coquimbo study area is a complex bay controlled by structural and tectonic processes and 

features. Moreover, it is characterized by a semiarid climate. In this study, we focus on the 

identification of the dynamic patterns of the bays and their relationship with the coastal range 

sustaining them. The present day processes are complex and difficult to assess. However, the region is 

already subject to processes like ENSO that may become even more intense in the future. Hence, 

future climatic changes of the semiarid coastal area and related low mountain chains in Chile are a 

scientific challenge. It is necessary to establish patterns of landscape change associated with ENSO, 

La Niña /El Niño phenomena and the dynamic responses of the catchments and coastal areas 

associated with mass transfer, drought / heavy rainfall events, dynamic processes and natural hazards 

(Montecinos & Aceituno 2003, Montecinos et al. 2016, Sarricolea & Martín-Vide 2014, Roberston et 

al. 2014). This is very important because the river valleys are highly suitable for agriculture. 

Moreover, the coastline is undergoing changes caused by urbanization and the growth in tourism 

(Ortiz & Escolano 2005, Ortiz et al. 2011, Wyndham 2012). 

 

The dynamic between catchment and coasts is not directly related to the Coquimbo mega bay since the 

vast basin of the Elqui River does not have dune fields associated with a proportional size of the 

catchment area, as observed in other areas of continental Chile. The existence of a dune field in the 

north of the mega bay area without a basin delivering these sediments leads to the conclusion that the 

sands have been transported from sources far to the south and even outside the study area. It has been 

postulated that the Coquimbo Bay functions as a system interconnecting the coastal range/shoreline 

and longshore zones explaining its evolution based on sand contributions from river basins south of 

the bay, namely the Limarí River and the Elqui River (according to those established for Chile by 

Araya-Vergara (1996), Martinez et al. (2011), Soto (2005), Villagrán (2007), Soto et al. (2011), 

Arriagada et al. (2014). Consequently, these sources together feed the sandy beaches in the region and 

the large dune fields. 

 

It has also been shown that future climate change and present day climate variability in the high Andes 

have no effect on the activities of the distal section of the Elqui River since the Puclaro dam works as 

a regulator of the Andean floods. Smaller basins in the coastal range which generate flash floods and 
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river floods with extreme precipitation events, especially during ENSO El Niño constitute natural 

hazards putting populations and productive zones in the valley and the coastal areas at risk. 

 

This thesis does not address issues of human geography, such as urban and economic processes in the 

region. However, it is the enormous growth of the urban area which justifies geomorphological 

research in order to generate knowledge to face climatic and territorial changes and to assess how this 

might impact the population of cities as well as productive and communication infrastructure and 

facilities. Urban development in the coastal zone is a socio-economic process that is inserted into this 

context in a very complex and hazardous landscape. 

 

1.1. Dynamic relationships between river catchments and the coastal zone.  

 

The relationship between the Andean catchment and sandy shorelines has been described in Chile by 

various authors: Pomar (1963), Fuenzalida (1965), Börgel (1963), Araya-Vergara (1970), Soto (1987, 

2005), Martínez (2001), Martínez et al. (2011), Soto et al. (2011), Arriagada et al. (2014) among 

others. These authors note that the sandy shores in Chile are related to contributing catchments and the 

processes active within these catchments such as soil erosion, deposition and transfer processes from 

the head catchments to the coastlines and longshore. 

 

There is only one river mouth on the Pacific Coast of the study area: the Elqui river mouth (Fig. 1). In 

addition, the Limarí Andean river mouth is located in the south outside the study area; its sediments 

were found in the beach ridges and sandy beaches of Tongoy Bay, following the coastal drift, or 

longshore current with a south to north direction. Two other catchments are also important, but are 

located on the Coastal Range. The Hornos and the Los Choros streams, belong to a middle mountain 

semiarid environment featuring steep slopes, with little or no vegetation, abundant alluvial fans and 

modern detritic deposits; both of them show a pluvial regime with sporadic and torrential activity; 

during heavy rainfall events they trigger debris flows in the head catchments and flash flooding in the 

main streams; their mouths consist of gravel beaches (Amaya 2013, Soto et al. 2013).  

 

In this context, the small scale landforms, such as talwegs and micro-catchments show a dynamic 

response to present day concentrated rainfall events, as indicated by Sarricolea (2004) and Sarricolea 

& Martín-Vide (2012), who pointed out that the La Serena-Coquimbo area is characterized by the 

highest rainfall Concentration Index (IC) in Chile.  

 

Those landforms are inserted into larger ones (terraces, glacis, fault systems or alluvial fans), 

interpreted as inherited features.  
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Fig. 1 Study Area 

 

Regarding the coastal geomorphology, the most distinctive group of features in the sandy beaches 

shows the following sequence: some beach ridges and sand dunes. Traditional coastal barriers were 

studied as characteristic features of coasts with a major territorial expansion such as in South and 

North America, Australia, South Africa, and Western Europe (Bird 2008; Schwartz 2005). Coastal 

barriers of Brazil are highlighted in South America, described by Dillenburg and Hesp (2009), 

Dillenburg et al. (2014); Hesp et al. (2005). In Chile, these features were identified as coastlines 

formed by beach ridges (Araya-Vergara 1986, Vargas 1991).  

 

The beach ridges are an essential coastal feature and have been considered according to Otvosô 

definition (2000) stating that they are relictic, semi parallel, and multiple ridges forming a strandplain. 

Tamura (2012) indicated the relevance of beach ridges as a paleo environmental record. Regressive 
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barriers such as morphological systems correspond to a modern feature associated with the last 

postglacial marine transgression and marine processes related to sediment supply conditions and 

progradation processes during the last 7 to 6 ky, according to Dillenburg & Hesp (2009). They 

conclude that the morphology and structure of regressive barriers are very diverse with various forms 

of subaerial origin: foredunes, beach ridges, and complex dunes.  

 

Concerning the Holocene coastal barriers in the Chilean semiarid region, Paskoff (1970) described the 

succession of beach ridges in the Bay of Coquimbo (30° S). Ota & Paskoff (1993) mapped and dated 

the Holocene beach ridges in Tongoy Bay  back to 5400 yr. BP for the oldest ridge located along the 

escarp of the Pleistocene terrace and 910 yr. BP for the latest (non-calibrated 
14

C datings). The 

strandplain of Tongoy extends from the modern berm to the escarp of the marine terrace at 900 m with 

a progradation speed estimated at 0.13-0.14m/y by Ota & Paskoff (1993). 

 

In addition, Pfeiffer et al. (2011) described the Pleistocene littoral bars preserved on marine terraces 

which can be correlated to specific sea levels in the past. The oldest one at 200 m.a.s.l. can be 

observed only in Altos de Talinay, belonging to MIS 11; other terraces have been dated as MIS 7e, 

MIS 5c and MIS 1, associated with interglacial periods and evidencing the importance of positive 

tectonic movements in the study area (Saillard et al. 2012). On the arid coast of Chile, in the Atacama 

desert (Caldera, 27° S), there are important Pleistocene beach ridge sequences described by Marquard 

et al. (2004) and Quezada et al. (2007) as paleo beaches located on marine terraces; the age of these 

terraces is estimated to be between MIS 11 and MIS 5c, with ±162 and ±25 meters elevation. In the 

north at Punta de Choros beach ridges are also located on Pleistocene marine terraces (Creixell et al. 

2012), as well as slightly covered by dunes, located at a height of 70 m.  

 

The coastal sand dune fields are an important part of landscapes in coastal semiarid and arid regions. 

In the north of the study area a huge coastal sand dune field is located (Los Choros, see Figure 1) from 

the Holocene-Pleistocene age (Creixel et al. 2012). It has native and allochton plants which grow 

because of the humid atmospheric conditions related to coastal deserts, (a phenomenon well known as 

Camanchaca, coastal fog) that is an important geomorphologic agent (Soto et al. 2012). Despite the 

fact that the biggest part of the sand dune field does not have much vegetation, there are 2 active sandy 

lobes in the north and extreme south of the bay and a very wide and high fore dune as well as 

transgressive sand dunes. These features are the morphological evidence of the present day consistent 

sedimentary supply to the shoreline (Soto et al. 2015, Benavente 2015). 

A further insight into the dynamic process that takes place in the Coquimbo mega bay can be provided 

by a proper assessment of the headland bay beach systems. These systems are the response to the 

coastal dynamics in the bay controlled by structural features and tectonics, and are very relevant in the 

coastal morphology of Chile. Davis (1985) described the importance of wave refractions and Yasso 
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(1965), Le Blond (1979), Lavalle & Lakhan (1997), Hsu & Evans (1989) the dynamic relationship in 

and between the bays (Short 1999; Sweers 1999; Bird 2000; Benedet et al. 2004, Klein & De Menezes 

2001, Komar 2010, Simeone et al. 2013). 

 

In Chile the headland bay beaches have been studied by Araya-Vergara (1983, 1996, 2003), Martínez 

(2001), Martínez et al. (2011), Soto (2005), Soto & Arriagada (2007), Soto et al. (2010, 2011), 

Arriagada et al. (2014) focussing on the effects of the headland in the systematic distribution of wave 

energy from the proximal (South) to the distal zone (North) from the bay towards the coastal drift. 

These conditions are a pattern in headland bay beaches in Chile that are connected to a surf zone and 

the type of beaches dominated by waves (198 & Short 1984, Short 1999, Aagaard & Masselink 1999, 

Brander & Short 2000, Elgar et al. 2001, Aagaard et al. 2004) as well as the processes at the shoreline 

itself. Moreover, it has been established that the biggest sand dune fields are located in the north of the 

bays with a predominance of dissipative beaches (Araya-Vergara 1986, 1996, 2003, Martínez 2001, 

Soto 2005, Soto & Arriagada 2007, Martínez et al. 2011). 

 

1.2. Geodynamics conditions and natural hazards  

 

Arid and semiarid environments constitute morphological systems that are highly sensitive to climatic 

events such as intensive precipitations causing soil erosion. These events have been analyzed in the 

Atacama Desert and the Chilean semiarid coast by Owen et al. (2010). Semiarid environments are 

climatically, ecologically, hydrologically and socio-economically complex systems, particularly when 

they are subject to climate change and anthropic interventions that are typical of the Anthropogenic 

period (Wilcox et al. 2011). Urban areas are expected to grow dramatically within the next 50 years 

with a concentration of 60% of the global population therefore assessment is fundamental. The 

urbanization processes will impact the exploitation of natural resources and transform the 

environmental systems (Huang et al. 2010). 

 

Semi-arid environments are active landscapes associated with climatic conditions, especially rainfall 

regimes characterized by the presence and frequency of extreme events. The central northern coast of 

Chile shows a very strong influence of the ENSO dynamics and El Niño events. These events trigger 

landslides, debris flows, flashfloods and river flooding (Castro et al. 2009, Soto et al. 2007, 2012, 

2014, 2015, Vargas et al. 2000, Sepúlveda et al. 2006). Seismic activity is an additional landslide 

trigger. When an earthquake occurs during El Niño the multi hazard scenario worsens with extensive 

damage to housing as in 1997 when the Punitaqui earthquake took place during an El Niño winter 

(Sepulveda et al. 2010, 2012). These natural processes should be considered hazards that negatively 

affect human settlements. In semiarid regions, the growth of urban areas and the expansion of 
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cultivated agricultural land for export purposes generates and increases susceptibility to conditions 

natural hazard effects and hence increases risks.  

 

Although natural risks are considered an unresolved socio-environmental problem (Cardona 2009), 

potential threats related to social and environmental changes caused by global climate change may 

also be considered unresolved phenomena; such scenarios constitute a new challenge in the study of 

natural risks and require the adaptation and creation of scenarios for global climate change and risk 

reduction (Lei & Wang 2014). Over the last two decades, approximately 76% of global catastrophic 

events have been of hydro-meteorological origin (EIRD 2008). In the period between 1900 and 2013, 

flooding was the most frequent natural disaster affecting more people than any other natural origin 

event (Banks et al. 2014). Climate change has increased the potential for existing risks and generated 

new ones. Urban sprawl towards hazardous zones has also contributed to increased vulnerability (Soto 

& Moreno 2012, Holsten & Kropp 2012, Sahir & Mohamed 2014). 

 

In a similar way to social structures landscape processes undergo continuous spatial-temporal changes; 

therefore they are dynamic and interactive phenomena that should be studied in more depth. These 

processes are associated with natural hazards, an analysis from a dynamic perspective may contribute 

to improvements in risksassessment (Aubrecht et al. 2013). To evaluate  different types of threats, 

analysis scales, magnitudes of measurements and associated risk conditions, Kappes et al. (2012) 

formulated the concept of multirisk, which is linked to environmental changes and human impact and 

constitutes an agent of change in processes and behavior of morphological systems (Keiler et al. 2012; 

Birkmann et al. 2013). 

 

The Chilean semiarid coastal environment constitutes a system that is vulnerable to new 

environmental scenarios that have developed in this century, such as the scenarios modeled by the 

National Environment Commission of Chile (CONAMA, initials in Spanish, 2006) and Garreaud et al. 

(2008). These models predict a decrease in precipitation and temperature increases in Andean 

catchments that will result in high concentrated episodic rainfall and hence flood hazards. Additional 

important phenomena that occur along the Chilean semiarid coast are the El Niño-Southern Oscillation 

phenomenon (ENSO) (El Niño, La Niña) and Pacific Decadal Oscillation (PDO, Sarricolea & Martín-

Vide, 2012). Previous work on the semiarid areas of Chile has shown that such precipitation events 

generate hazards of natural origin (Castro et al. 2009, Soto et al. 2012) and create risk scenarios. 

 

The ENSO phenomenon is a variable pattern of low frequency (teleconnection) atmosphere-Ocean, 

which periodically oscillates every 3 to 7 years possibly longer has a global impact with its highest 

intensity between the Pacific and Indian Ocean. It has two phases, La Niña and El Niño. La Niña, cold 

phase, intensifies normal atmospheric pressure and reduces the surface temperature of the sea (by at 
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least 0.5°C lower than normal) due to higher Alisio wind intensity. Central Chile is affected by 

droughts and lower than normal temperatures. El Niño, warm phase, reduces the intensity of 

atmospheric pressure and Alisio wind, weakening the oceanic surge as well as increasing the surface 

temperature of the sea by more than 0.5°C above normal. This is characterized by an increase in 

rainfall and temperatures in central Chile. 

 

The vulnerability of settlements and populations exposed to natural processes and damage, the 

economic facilities and public infrastructure are all risk conditions. Authors such as Lavell & Franco 

(1996), Blaike et al. (2003), Lavell (2004), Pelling (2003), Pelling & Wisner (2008), D´Ercole et al. 

(2009), consider that economic, political and social processes are all part of the increase of 

vulnerability to disasters. 

 

Over the last three decades, La Serena has been subject to intense urban growth and real estate 

development processes (Ortiz et al. 2002, Castro & Ortiz 2003, Ortiz & Escolano 2005). Such growth 

initially occupied the high marine terrace levels and later extended towards the coastal flats. Currently, 

urban growth is occurring towards the lower fluvial terraces and contributes to the construction of risk 

scenarios. Soto et al. (2015) documented that general hazard conditions occur in the city. These 

hazards are associated with hydro-meteorological phenomena, such as floods and landslides. 

 

In the context of the existing hazards and urban expansion processes in La Serena, Ortiz et al. (2011) 

concluded that there is hardly any awareness of the risk associated with endogenous threats 

(earthquakes and tsunamis) and exogenous threats (floods and mudslides) among the cityôs 

inhabitants. There is also a lack of awareness among the tourists that visit the coastal areas (Wyndham 

2012). Among others this finding explains the intense population growth along the coastal zone and in 

the lower fluvial terrain. The fluvial terraces were analyzed by Sarricolea (2004) and associated with 

flood hazards and risks related to the poor drainage characteristics of the soil. 
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2. Aims and Objetives 

 

2.1. Research framework and general description of the problem  

 

The arid coastal range of Chile is a territory that is characterized by rapid population and/or 

socioeconomic growth particularly in the coastal regions. Moreover, present day climatic 

characteristics and future climate change will seriously affect the region and the earth shaping 

processes. The river basins are of Andean origin and/or drain the coastal range. The coastal range in 

the Coquimbo Region is made up of a system of bays and marine terraces as well as dune systems 

(Paskoff 1970; Saillard et al. 2012). This research will focus on the complex environmental and socio-

economic context of the region exploring the current dynamics of the geomorphic processes and 

related landscape forms and features. In particular, the following hypothesis will be specifically 

assessed:  

 

1) The study area is characterized by inherited landscapes, affected by the dynamics and evolution of 

the coastal ranges and strong tectonic and volcanic influences. During the Quaternary the landscape 

was modeled by glacio-eustatic processes, shaping the present landscape to a semi-arid coastal 

domain. In this context, we suggest that there are paleo-landscape features that influence the present 

day geomorphological process dynamics related to extreme rainfall events. Seismic activity associated 

with the Coquimbo gap and related coastal dynamics are morpho-dynamic triggers and are still active 

today.   

 

2) There is a relationship between the dynamics of river catchments and longshore sedimentary 

transport processes. We argue, that the geomorphic processes in the catchments draining into 

Coquimbo Bay are activated and turn into dynamic conditions during extreme rainfall events 

associated with the El Niño phenomenon. Hence, they trigger geomorphological and hydrological 

processes that activate the hydrographic network, with an episodic regime. Consequently, there is 

sediment transport through the watershed to the shoreline that is kept in balance by sandy beaches and 

accumulations in sand dune fields, despite semi-arid environmental conditions. 

 

3) The extreme heavy rainfall associated with El Nino events and the recurrent seismicity are the 

triggers of geomorphological processes such as landslides, debris flows and river flooding. These 

processes generate hazardous conditions for the population and economic activities such as tourism or 

the housing market especially in the coastal zone and for intensive agriculture in the Hinterland areas.  

 

4) The climate change models for the area indicate a decrease in rainfall but with increased intensities 

and concentration. If we also take into account the El Nino event, which is a cyclic phenomenon, the 
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landscape changing conditions will be even more dynamic leading to an intensification of the 

processes in future. 

 

2.2. Main goal of the thesis 

 

The main aims and objectives of this thesis are related to the analysis of a specific section of the 

coastal range characterized by a semi-arid environment and dynamic conditions strongly associated 

with sporadic extreme events with a known recurrence time (Pacific Ocean El Niño rainfall events). 

During La Niña periods (extreme dry years) the morphological system seems to be in a latent state 

without morphodynamics and sedimentary activity. Despite the fact that the landscape presents 

varying degrees of geomorphological activity in the coastal range and the coastline. The general 

objectives of this study are differentiated into more detailed research foci as follows: 

 

-  Present day analysis and assessment of geomorphologic conditions in terms of flooding, surface 

runoff generation and seismic activity of the coastal range catchments and the respective shorelines of 

the Coquimbo Bay System (headland bay beach system).  

 

- Identification and assessment of areas affected by natural hazards. While it is known that during 

extreme rainfall events basins and coastal slopes generate river floods, flashfloods and debris flows, it 

is not known what the most dominant processes are and in which areas the events might occur. 

 

- Finally, the coastal area is a rapidly growing urban zone, using terrain that might be affected by 

natural hazards that have not been studied in detail and hence, putting current and future populations at 

risk.  

 

In order to achieve the above-mentioned general objectives of the study, the following specific 

objectives are proposed:  

 

-  Identify and assess the current coastal range geomorphological processes.  

 

- Determine geomorphological and paleo geographical evidence along the coastal zone, specifically in 

stranplain systems and beach ridges that are quite rare in the western parts of America. 

 

- Contribute to the understanding of the dynamics of coastal dunes and river basins associated with 

prolonged periods of drought by the assessment of the source of dunes sediments and the direction of 

longshore bay transfer. The dynamic relationships should also be analyzed in a system of bays that are 

structurally controlled. 
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- Analyze the marine terraces characterizing the study area. 

 

- Identify the geomorphological processes that affect the population and infrastructures of La Serena/ 

Coquimbo Bay.  

 

- Detection of the areas affected by the action of watersheds, rivers and slopes which constitute areas of 

natural hazard and risk to the local population. 

 

2.3. Structure of the thesis 

 

This thesis consists of six peer-reviewed papers addressing the different objectives mentioned above. 

After the introduction highlighting a) the dynamic relationships between river catchments and the 

coastal zone and b) geodynamic conditions and natural hazards in the following chapters will discuss 

the general problem related to dynamic processes in the coastal ranges and shoreline and its impact on 

the cities in terms of natural hazard impact. 

 

The following chapter 2.4 provides an overview of the study area including geology and climatic 

conditions.  

 

 Chapter 3 contains a summary of each paper including the specific motivations of the research, the 

applied methodology and the main results. 

 

The main results of the single studies are discussed in Chapter 4. The last chapter presents an outlook 

for future research in the study area and gives a prospective for the regional implications of this work. 

The research deficit is also presented in Chapter 5. 

 

2.4. Study area 

 

The study area is characterized by Andean and Pacific physiographic settings (29º-30°S/71°W) (Fig. 

1). It is part of the Andean fore-arc and the flat-slab subduction zone (Charrier et al. 2007) where the 

Cordillera de los Andes or Cordillera Principal and the Coastal Range developed. The coastal range in 

this area is formed by metamorphic and volcanic-sedimentary rocks from the Upper Palaeozoic period 

and above this is andesitic and granitic rock from the Cretacic period (Emparán & Pineda 2006, 

Aguilar et al. 2013) can be found. The shoreline is deep and rocky with large marine terraces and a 

headland bay beach system controlled by structure and tectonics.  
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The region is located in a climatic transition zone between the desertic Mediterranean, semiarid, 

humid and cloudy coastal areas and warm and dry inland areas (Díaz 2011). According to the 

meteorological time series (1980-2013) the foggy coastal areas present 87% humidity in the morning 

(08.00 a.m.) due to the cold Humboldt Current, moderate temperatures (median of 13.7°) and very low 

thermic amplitudes. The average annual rainfall is approximately 79.1-104.4 mm; however, the 

amount of rainfall increases substantially during El Niño events (116.8 mm in 72 hrs. in 1983; 109.6 

mm in 1987 and 130.2 mm in 1992) and is concentrated over a few days. 

 

The present semiarid climatic conditions with coastal influence imply that the landscape system is 

currently geomorphologically active. Extreme rainfall, especially during El Nino events, activates the 

basins triggering violent debris flows and especially river floods. Global changes and associated 

climate changes result in rising temperatures and decreased precipitation in the Andes. However, this 

comes with increasing concentration and event intensity (CONAMA 2006; Garreuad et al. 2008). 

There are favorable scenarios leading to activation of the geomorphological systems, such as 

landslides and especially river flooding, in the area of the coastal range. 

 

The last El Nino event occurred in 1997 and was the strongest ever recorded. El Nino affected the 

region in 1983 and 1997 (Romero & Mendoca 2011, Romero et al. 2011, Sarricolea & Matín-Vide 

2012), with strong surges and river floods as well as debris flows. This also resulted in great economic 

loss especially in the agricultural areas and in the urban zones. Infrastructure such as roads, railroads 

and bridges were destroyed. The impact mainly affected the national road connections because the 

active catchments and slopes triggered floods that intersected the Pan-American Highway. 

 

The semiarid coastal area of Chile has only a few settlements; in the study area there are 3 districts, La 

Higuera, La Serena and Coquimbo and all of them belong to the Coquimbo Region. The biggest city is 

the La Serena-Coquimbo conurbation, followed by Tongoy village (spa village) and a few other little 

settlements associated with fishing and tourism (Fig. 1). 

 

The economy in this zone is mainly based on extensive caprine farming. The bays and beaches in the 

region are potential resources for tourism and related housing development. In Hinterland areas of the 

Andean catchments the river valleys are characterized by significant intensive high technology 

agriculture. Recently, this activity has become very important due to a large expansion process in 

areas beyond the valley soils like the toe slopes, the alluvial fans and pediments. This situation has 

been studied in other semiarid valleys by Castro et al. (2009), Meza (2010) and Soto et al. (2011, 

2012) 
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The coastal semiarid climatic conditions have also lead to development in the main city of the region, 

La Serena. Hence, there are also dangers occurring with accelerated urban expansion (Ortiz et al. 

2002, Castro & Ortiz 2003, Ortiz & Escolano 2005, Ortiz et al. 2011, Wyndham 2012).  

 

The changes in land use in the study area have been very intense over the past 30 years.  Agriculture 

has expanded continuously within the territory. Cash crops like grapes are very important. Nowadays 

there is a great demand for Chilean grapes that are cultivated not just on the soils of the valleys, but 

also in less suitable locations like on the slopes, alluvial fans and pediments. The land is prepared for 

large extensions of grapevines using the latest technologies. This intensive farming has contributed to 

the urban development of La Serena City localized along the shoreline of the Elqui River catchment. 

Increased and accelerated urban expansion has led to the urbanization of high marine terraces. There 

has also been an intensification in housing construction observed on the Holocene River and marine 

terraces that were mainly covered by swamps in the past. This infrastructure could be affected by 

tsunamis and fluvial flooding especially in areas with poorly draining soils.  

 

In the light of global change scenarios, the geomorphological dynamics in semiarid environments that 

are highly vulnerable to extreme drought as well as heavy rainfall should be analyzed in detail. Future 

landscape scenarios and land use changes should be assessed from a scientific point of view to 

contribute to safer and sustainable urban and agricultural planning but also taking into account 

management and territorial planning. Furthermore, intensive agriculture requires suitable soils and 

terrain in an accelerated way a factor triggering geomorphic process dynamics that modify the 

topography and local drainage systems. 

 

The specific dynamic conditions of these processes that result in a modification of the landscape are 

not fully known yet. Consequently, this research will contribute to the understanding and assessment 

of the relevant processes that trigger geomorphological activity and produce risks for the local 

population, infrastructure and agricultural production.  

 

In the context of new territorial scenarios related to global climate change such as interventions in the 

catchments and the anthropogenic relationships (Wilcox et al. 2011), it is important to identify the 

trends in changes in the territorial systems belonging to the semiarid environment. These are related to 

changes in the Andean catchment and changes in land use (intensive agriculture, coastal urban 

development, construction of dams) that may modify the sedimentary contributions towards shorelines 

generating dynamic geomorphological changes in the coastal zones. The offshore presence of a 

seismic-gap is another factor involved in these synergetic processes. 
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2.4.1. Paleo-environment and tectonic setting 

 

The geological location of the mega bay is shown in Figure 2. The slopes modeled by plutonic rocks 

and volcanic with the most relevant characteristics to understand the dynamic processes of the system 

of watersheds and coastal slopes of the range feature (Fig. 3). 

 

 

Fig. 2 Geologic and structural map. (1) Catchment boundary (2) Fault systems (3) River network (4) Reservoirs 

(6) Miocene gravels and sediments Miocene (7) Oligocene Miocene volcanism (8) Paleocene-Miocene intrusive 

(9) Paleocene-Eocene volcanism (10) Mesozoic sedimentary-volcanic (11) Mesozoic intrusive (12) Paleozoic 

intrusive (13) Paleozoic. Source: Aguilar et al. ( 2013). 

 

 

 

 



27 

 

The semiarid coastal landscape is controlled by complex geomorphic processes. These systems show 

particular features and landforms inherited from different morpho-climatic domains. Hence, an 

assessment of the present day landscape must take into account both the inherited landforms and 

features as well as the present day landscape forming processes. Only a complex systems approach 

may detect changes and dynamics in coastal catchments of Central Chile.  

 

 
Fig. 3 Regional morphology (Creixell et al. 2013).  1: Coastal plains; 2: Coastal range; 3: Domeiko 

Depression; 4: Western Andean Mountains; 5: Eastern Andean Mountains. 

 

 

In the southern area, Tongoy Bay has been described as a Cenozoic catchment (Heinze 2003) or as the 

Paleo-Bay of Tongoy (Le Roux et al. 2006). It has been shaped by processes that have generated a 

variety of landforms, varying in age and origin in different climates from the present semiarid one. 

However, the landscape now appears to be in equilibrium, rather in rhesistatic conditions, than one 

related to the inherited biostatic ones (Soto et al. 2014a).  

 

Correlations among the landforms were dated by Emparán & Pineda (2006) indicating a Mio-

Pleistocene age. Field observations show that the inherited landform features have developed under a 

humid tropical climate. The chaos of rocks and tors on the slopes of the coastal ranges and tafonis in 
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the coast plains/sand field dunes are a geomorphological expression related to these climatic 

conditions. Araya-Vergara (2000) attributed both deep rock weathering and tor-like forms to climatic 

and uplift events that occurred during Miocene along the coastal range of Central Chile. Soto et al. 

(2007) correlate the erosional surfaces and the deep weathering of the coastal range of Santiago (33ºS) 

to the same period. Strudley et al. (2006) confirmed a close relationship between the deep rock 

weathering and the presence of tor-like landforms.  

 

The glacis landforms are also evidence of paleo climatic conditions. The glacis are composed of 

breccias and conglomerates of the Miocene-Pleistocene age (Emparan & Pineda, 2006). Some 

pedogenetic features like abundant iron oxides and deeply weathered profiles on these glacis or glacis-

terraces suggest that these landforms are inherited from humid tropical climate conditions and the 

presence of torrential streams on the slopes, fans and glacis are the geomorphological evidence of 

water action under the current semiarid conditions (Soto et al. 2014a). 

 

Another group of inherited landforms is composed of marine terraces which are very important 

features in the semiarid coastal region. These terraces belong to the Coquimbo Formation (Miocene to 

Pleistocene). They are the result of a series of transgressions and regressions related to local and 

regional tectonic movements (Fig. 4 and 5), combined with the global variations in sea level (Le Roux 

et al. 2004, 2005, 2006, Paskoff 1970, 1999, Ortlieb & Machare 1990, Quezada et al. 2007, Saillard 

2008, Saillard et al. 2009, 2010, 2011, 2012). The biggest terraces in the study area are in Tongoy and 

Coquimbo Bay, identified and dated by Saillard (2008), Saillard et al. (2012) and Paskoff (1970) 

respectively (Appendix I). 

 

 
Fig. 4 Marine terraces formed sequences: A: Early stage. B: The marine terraces started to form during a high 

sea level t1 (interglacial stage): the cliff was cut by erosion waves and led to the coastal cliff formation (live 

cliff) erosion of the platform. The presence of rocky reefs is associated with harder rocks, less erodible rocks. C: 

The marine terrace TI was formed and the platform is flattened (time t1). The terrace has a light inclination 
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toward the sea. D: The marine terrace T1 was uplifted and stayed in place until the next interglacial stage 

(falling sea level) and/or fast continental uplift-The marine terrace TII was formed the same way, during the 

next interglacial stage (time t2). E: The marine terrace TII was elevated and stayed in place even though the 

following glacial stage t2 had fast continental uplift. During the TII formation, the coastal cliff was retreat and 

the TI was partially eroded.  In time t1 and t2 2 marine terraces were formed. Source: Saillard (2008). 

 

 

 

Fig. 5 Block diagrams representing the forearc evolution in the Tongoy Bay-Altos de Talinay area for the two 

main time periods associated with activity of the Puerto Aldea fault. A-Paleogeography of Tongoy Bay in the 

Middle Pleistocene. No marine terrace is preserved in the paleo bay while the TI wave-cut platform is preserved 

on the uplifting block of Altos de Talinay. Note that the Puerto Aldea fault is active and accommodates the 

differential uplift. B-Geography of Tongoy Bay in the recent times, i.e., since the cessation of Puerto Aldea 

fault activity (between 320 and 230 ka). Both Tongoy bay and Altos de Talinay blocks are uplifting while the 

Puerto Aldea fault remains inactive for the last w320e230 ky. T1 to T3 marine terraces are preserved in Tongoy 

Bay as well as TI to TV along the Altos de Talinay. Source: Saillard et al. (2012). 

 

 

In Relation to Andean and Coastal Range tectonic activity, Aguilar (2010) established the 

predominance of a tectonic stable regime with moderate uplift rates. Recent studies to determine the 

tectonic activity in the Neogene have been carried out based on stratigraphy of sedimentary sequences 

and marine terraces in Carrizalillo (29ºS) and Tongoy (30°S) demonstrating a history of alternation 

between subsidence and uplift in the coastal zone. The subsidence was dated between 12-10 Ma and 7-

2 Ma, the uplift occurred in short periods between 10-7 Ma and before 2 Ma, these uplifts are 

associated with subduction and migration of the Juan Fernandez Ridge under the South American 

plate at about 12 Ma (Le Roux et al. 2005; 2006). Saillard et al. (2009, 2012) postulated an uplift of 

the Tongoy marine terraces from Middle Pleistocene onwards. 

 

Regarding the endogenous geomorphological processes, the study area is inserted in the seismic gap of 

Coquimbo (Vigny et al. 2009) or Illapel (Pardo et al. 2002). The 1943 Illapel earthquake with a 

magnitude of 7.9 Mz triggered a tsunami wave of 4 to 5 m in high (Beck et al. 1998). Previous 

earthquakes were recorded in 1647, 1730 and 1880. The recurrence time between large seismic events 

is between 60 and 150 years. The study area is considered a highly seismically active area. Recent 

studies on seismicity and crustal deformation in the Coquimbo area (Vigny et al. 2009) have shown 

that tension is increasing for a future interplate event. In this study seismic activity, as a triggering 

factor of dynamic processes, has been taken into account that could affect the inherited landforms. 

 




































































































































































































































































































































































