
TECTONIC EVOLUTION AND GEOLOGICAL HISTORY OF THE COLINA AND VOLCÁN RIVER VALLEYS IN THE HIGH ANDES OF SANTIAGO, CHILE
Tamara Aranguiz, Karen Kotthoff and Francisca Olivares

Geology Department, Facuty of Physical and Mathematical Sciences, University of Chile 

ABSTRACT

TECTONIC EVOLUTION
I. Activation of the Cerro Vega Fault producing a shortening of 1 to 3 km and generating La Gringa Anticline.

II. Development of the Puntiagudo Duplex, formed by at least 2 thrusts faults that assemble and repeat stratigraphic se-
quences of La Engorda Unit producing a shortening of 5 km.

III. The Cathedral Fault to the W of the duplex mounts the El Cabrerío Unit on the La Engorda Unit in angular discordance. 
This fault cuts the duplex and produces a shortening of 5 km.

IV. The El Arriero Fault to the E of the duplex raises the La Engorda and El Cabrerío Units generating a shortening of 10 -12 
km, evidenced also by the formation of the Andrade. Sinclinal

V. The Nieves Negras Fault to the E of the El Arriero Fault raises even more the dips of the faults and strata of all the Units 
to the west, verticalizing the El Cabrerío and El Morado Units, resulting in a shortening of 12 km

VI. Inversion of the Cerro Amarillo Fault to the east of the Nieves Negras Fault, which generates the Cerro Amarillo Anti-
clinal, increasing the dip angle of the structures and units to the W, generating a shortening of 1 km.

VII. An unidenti�ed fault to the east of the entire study area raises the Nieves Negras Fault, explaining its high angle.

STRATIGRAPHY

GEOMORPHOLOGY

Aguirre, R. (1999). Depositación y deformación de la secuencia volcánica Terciaria en el sector cordillerano de Pata del Diablo, Cajón del Maipo, Región Metropolitana, 
Chile (Memoria de título). Universidad de Chile. Santiago.
Aguilera, F.; Layana, S.; Sánchez, A.; González, C.; González, R. 2015. Geoquímica de �uidos y mineralogía asociada a zonas de alteración y depósitos termales 
secundarios, Cajón del Maipo, Región Metropolitana, Chile. XIV Congreso Geológico Chileno. La Serena.
Álvarez, P., Aguirre-Urreta, M., Godoy, E., Ramos, V. (1996). Estratigrafía del Jurásico de la Cordillera Principal de Argentina y Chile (33°45’-34°00’ S). VIII Congreso 
Geológico Chileno. Antofagasta.
Ammann, C., Jenny, B., Kammer, K., MesserliI, B., 2001. Late Quaternary Glacier response to humidity changes in the arid Andes of Chile (18–29S), Palaeogeogr., 
Palaeoclimatol.,Palaeoecol., 172(3–4), 313–326.
Antinao, J. L., Gosse, J. (2009). Large rockslides in the Southern Central Andes of Chile (32–34.5 S): Tectonic control and signi�cance for Quaternary landscape 
evolution. Geomorphology, 104 (3), 117-133.
Arenson, L. U., & Jakob, M., 2010. The Signi�cance of Rock Glaciers in the Dry Andes – A Discussion of Azo Brenning ( 2010 ) and Brenning and Azocar (2010). 
285(August), 282–285. 
Armijo, R., Rauld, R., Thiele, R., Vargas, G., Campos, J., Lacassin, R., Kausel, E. (2010). The West Andean Thrust, the San Ramon Fault, and the seismic hazard for Santiago, 
Chile. Tectonics, 29.
Baeza, O. 1999. Análisis de litofacies, evolución depositacional y análisis estructural de la Formación Abanico en el área comprendida entre los ríos Yeso y Volcán, 
Región Metropolitana (Memoria de título), Universidad de Chile. Santiago.
Barsch, D. (1996). Rockglaciers. Springer, Berlin.
Benado, J.M. (2013). Patrimonio geológico del proyecto geoparque Cajón del Maipo (Región Metropolitana – Chile) (Tesis de Magister). Universidade do Minho. 
Braga.
Benn, D. I. and D. J. A. Evans, 1998. Glaciers and glaciation. New York, Oxford University Press Inc.
Borde, J. (1966). Les Andes de Santiago et leur Avant-Pays. Union Francaise d’Impression. Bordeaux.
Brenning, A. (2005). Geomorphological, hydrological and climatic signi�cance of rock glaciers in the Andes of Central Chile (33-35°S). Permafrost and Periglacial 
Processes, 16, 231-240.
Brenning, A., Schwinn, M., Ruiz-Páez, A. P., & Muenchow, J. (2014). Landslide susceptibility near highways is increased by one order of magnitude in the Andes of 
southern Ecuador, Loja province. Natural Hazards and Earth System Sciences Discussions, 2, 1945-1975.
Brüggen, J. (1950). Fundamentos de la Geología de Chile. Instituto Geográ�co Militar.
Burger, K.C, J.J. Degenhardt, J.R. Giardino, 1999. Engineering geomorphology of rock glaciers. Geomorphology, 31: 93 - 132.
Cajón del Maipo. Portal de información turística. (2017). Mapas Cajón del Maipo. Disponible en: http://www.cajondelmaipo.com/mapas_cajon_del_maipo.php 
[Visitado 2 de mayo de 2017].
Casertano, L. (1963). General characteristics of active Andean volcanoes and a summary of their activities during recent centuries. Bulletin of the Seismological 
Society of America, 53 (6), 1415-1433.
Carter, W., Aguirre, L. (1965). Structural geology of Aconcagua province and its relationship to the central valley graben, Chile. Geological Society of America Bulletin, 
76, 651-664.
Charrier, R., Baeza, O., Elgueta, S., Flynn, J. J., Gans, P., Kay, S. M., Zurita, E. (2002). Evidence for Cenozoic extensional basin development and tectonic inversion south 
of the �at-slab segment, southern Central Andes, Chile (33°–36° S.L.). Journal of South American Earth Sciences, 15 (1), 117-139.
Charrier, R., Bustamante, M., Comte, D., Elgueta, S., Flynn, J.J., Iturra, N., Muñoz, N., Pardo, M., Thiele, R., Wyss, A.R. (2005). The Abanico extensional basin: Regional 
extension, chronology of tectonic inversion and relation to shallow seismic activity and Andean uplift. Neues Jahrbuch Fur Geologie Und Palaontologie-Abhandlun-
gen, 236, 43-77.
Charrier, R., Farías, M., Maksaev, V. (2009). Evolución tectónica, paleogeográ�ca y metalogénica durante el Cenozoico en los Andes de Chile norte y central e 
implicaciones para las regiones adyacentes de Bolivia y Argentina. Revista de la Asociación Geológica Argentina, 65 (1), 5-35.
Charrier, R., Pinto, L., Rodríguez, M.P. (2007). Tectono-stratigraphic evolution of the Andean orogen in Chile, en: Gibbons, W. y Moreno, T. (Eds.), Geology of Chile (pp. 
21-114). Londres. The Geological Society.
Drake, R. E., Charrier, R., Thiele, R., Munizaga, F., Padilla, H., & Vergara, M. (1982). Distribución y edades K-Ar de volcanitas post-Neocomianas en la Cordillera Principal 
entre 32° y 36° L.S. Implicaciones estratigrá�cas y tectónicas para el Meso-Cenozoico de Chile Central. III Congreso Geológico Chileno. Concepción
Edwards, M. (1986). Glacial environments, en: Reading, H.M.(ed.) Sedimentary environments and facies, pp. 445-470. Blackwell. Oxford.
Espizua L. 2002. Glaciaciones cuaternarias en el valle del Río Mendoza, Andes Argentinos, in Trombotto, D., Villalba, R. IANIGLA, 30 years of basic and applied research 
on environmental sciences. Mendoza, IANIGLA, p. 111-115.
Farias, M., Charrier, R., Carretier, S., Martinod, J., Fock, A., Campbell, D., Comte, D. (2008). Late Miocene high and rapid surface uplift and its erosional response in the 
Andes of central Chile (33–35 S). Tectonics, 27 (1).
Farías, M., Comte, D., Charrier, R., Martinod, J., David, C., Tassara, A., Tapia, F., Fock, A. (2010). Crustal-scale structural architecture in central Chile based on seismicity 
and surface geology: Implications for Andean mountain building. Tectonics, 29, 1-22.
Flynn, J.J., Swisher III, C.C. (1995). Chronology of the Cenozoic South American Land Mammal Ages. In: Berggren, W.A., Kent, D.V., Hardenbol, J. (Eds.), Geochronology, 
Time-Scales, and Global Stratigraphic Correlation, pp. 317–333. Soc. for Sedimentary Geology. Special Publication 54, Tulsa.
Fock, A. (2005). Cronología y tectónica de la exhumación en el Neógeno de los Andes de Chile central entre los 33º y los 34ºS (Tesis de Magister). Universidad de Chile. 
Santiago.
Fock, A., Charrier, R., Maksaev, V., Farías, M., Alvarez, P. (2006). Evolución Cenozoica de los Andes de Chile Central (33º-34ºS). XI Congreso Geológico Chileno. 
Antofagasta.
Forte, A., 2012. Geomorfología Periglacial en las nacientes del Arroyo Los Patos Norte. Calingasta, San Juan.
French, H.M., 2007. The periglacial environment, Wiley. ISBN 978-0-470-86588-0
Fuentes, F., Vergara, M., Aguirre, L., Féraud, G. (2002). Relaciones de contacto de unidades volcánicas terciarias de los Andes de Chile central (33°S): una 
reinterpretación sobre la base de dataciones 40Ar/39Ar. Revista Geológica de Chile, 29 (2), 151-165
Gana, P.; Wall, R. 1997. Evidencias geocronológicas 40Ar/39Ar y K-Ar de un hiatus cretácico superior-eoceno en Chile central (33-33°30'S). Revista Geológica de Chile, 
24, 145-163.
Giambiagi, L., Alvarez, P. P., Bechis, F., & Tunik, M. (2005). In�uencia de las estructuras de rift triásico-jurásicas sobre el estilo de deformación en las fajas plegadas y 
corridas de Aconcagua y Malargüe, Mendoza. Revista de la Asociación Geológica Argentina, 60 (4), 662-671.
Giambiagi, L. B., Alvarez, P. P., Godoy, E., Ramos, V. A. (2003). The control of pre-existing extensional structures on the evolution of the southern sector of the 
Aconcagua fold and thrust belt, southern Andes. Tectonophysics, 369(1), 1-19.
Giambiagi, L. B. (2003). Deformación cenozoica de la faja plegada y corrida del Aconcagua y Cordillera Frontal: entre los 33° 30'y 33° 45'S. Revista de la Asociación 
Geológica Argentina, 58 (1), 85-96.
González, O. (1963). Observaciones geológicas en el valle del río Volcán. Minerales, 18 (81), 20-61.
González, P. (2010). Geología y geomorfología del Complejo de Remoción en Masa La Engorda, Chile Central (Memoria de título). Universidad de Chile. Santiago.
Herrera-Ossandón, M., Vargas, G., Sepúlveda, S. (2012). Cronología del Último Máximo Glacial y registro del Younger Dryas en los Andes de Santiago. XIII Congreso 
Geológico Chileno. Antofagasta.
Heusser, C. J. (1983). Quaternary pollen record from laguna de Tagua Tagua, Chile. Science, 219 (4591), 1429-1432.
Heusser, L. E., Morley, J. J. (1990). Climatic change at the end of the last glaciation in Japan inferred from pollen in three cores from the northwest Paci�c Ocean. 
Quaternary Research, 34(1), 101-110.
Humlum, O., 2000. The Geomorphic Signi�cance of Rock Glaciers: estimates of rock glacier debris volumes and headwall recession rates in West Greenland. 
Geomorphology, 35, 41-67.
Janke, J. R., Bellisario, A. C., Ferrando, F. A. (2015). Classi�cation of debris-covered glaciers and rock glaciers in the Andes of central Chile. Geomorphology, 241, 98-121.
Jara P., Likerman J., Winocur D., Ghiglione M.C., Cristallini E.O., Pinto L., Charrier R. 2015. Role of basin width variation in tectonic inversion: insight from analogue 
modelling and implications for the tectonic inversion of the Abanico Basin, 32°–34°S, Central Andes, en: Sepúlveda S. A., Giambiagi L. B., Moreiras S. M., Pinto L., Tunik 
M., Hoke G.D., Farías M., Geodynamic Processes in the Andes of Central Chile and Argentina, pp: 83-107. Geological Society, London, Special Publications. Vol. 399.
Jenny, B., Valero-Garcés, B. L., Villa-Martínez, R., Urrutia, R., Geyh, M., Veit, H. (2002). Early to mid-Holocene aridity in central Chile and the southern westerlies: the 
Laguna Aculeo record (34 S). Quaternary Research, 58 (2), 160-170.
Jenny, B., Wilhelm, D., Valero-Garcés, B. (2003). The Southern Westerlies in central Chile: Holocene precipitation estimates based on a water balance model for Laguna 
Aculeo (33 50� S). Climate Dynamics, 20(2-3), 269-280.
Jordán, T. E., Isacks, B. L., Allmendinger, R. W., Brewer, J. A., Ramos, V. A., Ando, C. J. (1983). Andean tectonics related to geometry of subducted Nazca plate. Geological 
Society of America Bulletin, 94 (3), 341-361.

Jones, R. E., Kirstein, L. A., Kasemann, S. A., Litvak, V. D., Poma, S., Alonso, R. N., Hinton, R. (2016). The role of changing geodynamics in the progressive contamination 
of Late Cretaceous to Late Miocene arc magmas in the southern Central Andes. Lithos, 262, 169-191.
Kay, S. M., Mpodozis, C. (2002). Magmatism as a probe to the Neogene shallowing of the Nazca plate beneath the modern Chilean �at-slab. Journal of South American 
Earth Sciences, 15 (1), 39-57.
Klohn, C. (1960). Geología de la Cordillera de los Andes de Chile Central, Provincias de Santiago, O’higgins, Colchagua y Curicó. Instituto de Investigaciones 
Geológicas. Boletín 8.
Krainer, K. 2001. Web page of the Rock Glacier Working Group, Institute for Geology and Paleontology, University of Innsbruck.
Lamy, F., Hebbeln, D., Wefer, G. (1999). High-resolution marine record of climatic change in mid-latitude Chile during the last 28,000 years based on terrigenous 
sediment parameters. Quaternary Research, 51 (1), 83-93.
Lara, M., 2007. Metodología para la Evaluación y Zoni�cación de Peligro de Remociones en Masa con Aplicación en Quebrada San Ramón, Santiago Oriente, Región 
Metropolitana. Memoria para optar al Título de Geólogo, Departamento de Geología, Universidad de Chile. Santiago.
Larson, R. L. (1991). Latest pulse of Earth: Evidence for a mid-Cretaceous superplume. Geology, 19(6), 547-550.
Latorre C., Moreno P.I., Vargas G., Maldonado A., Villa-Martínez R., Armesto J.J., Villagrán C., Pino M., Núñez L., Grosjean M. (2007). Quaternary environments and 
landscape evolution, en: Gibbons, W. y Moreno, T. (Eds.), Geology of Chile (pp. 309-328). Londres. The Geological Society.
Lavenu, A., Cembrano, J. (2008). Deformación compresiva cuaternaria en la Cordillera Principal de Chile central (Cajón del Maipo, este de Santiago). Revista geológica 
de Chile, 35(2), 233-252.
Leyton, F., Ruiz, S., Sepúlveda, S. (2010). Reevaluación del peligro sísmico probabilístico en Chile central. Andean Geology, 37 (2), 455-472.
Mardones, V., 2016. Análisis estructural de los depósitos mesozoicos y cenozoicos en la cordillera principal en el valle del rio Volcán, Región Metropolitana, Chile 
(33°44’-33°56’S) (Memoria de título). Universidad de Chile. Chile
Martínez, R., Osorio, R. (1963). Consideraciones preliminares sobre la presencia de Caró�tas fósiles en la Formación Colimapu. Minerales, 18 (82), 24-43.
Mayewski, P. A., Rohling, E. E., Stager, J. C., Karlén, W., Maasch, K. A., Meeker, L. D., Lee-Thorp, J. (2004). Holocene climate variability. Quaternary research, 62 (3), 
243-255.
Mercer, J. H. (1976). Glacial history of southernmost South America. Quaternary Research, 6(2), 125-166.
Monnier, S., Kinnard, C., Surazakov, A., Bossy, W. (2014). Geomorphology, internal structure, and successive development of a glacier foreland in the semiarid Chilean 
Andes (Cerro Tapado, upper Elqui Valley, 30°08� S., 69°55� W.). Geomorphology, 207, 126-140.
Mpodozis, C., Ramos, V. A. (2008). Tectónica jurásica en Argentina y Chile: extensión, subducción oblicua, rifting, deriva y colisiones. Revista de la Asociación geológica 
Argentina, 63 (4), 481-497.
Munizaga, F.; Vicente, J.C. (1982). Acerca de la zonación plutónica y del volcanismo miocénico en los Andes de Aconcagua (Lat. 32-33°S): datos radiométricos K-Ar. 
Revista Geológica de Chile, 16, 3-21.
Muñoz, M. (2005). Geoquímica, metamor�smo y petrogénesis de la franja ortiental de la Formación Abanico en Chile Central, área de El Volcán, Cajón del Maipo 
(33°50’S, 70°,12’-70°05’S) (Memoria de Magister). Universidad de Chile. Santiago.
Nystrom, J.O., Vergara, M., Morata, D., Levi, B., 2003. Tertiary volcanism in central Chile (30°15 S–33°45’S): a case of Andean magmatism. Geological Society of America 
Bulletin, 115 (12), 1523–1537.
Ormeño, A. (2007). Geomorfología dinámica del río Maipo en la zona cordillerana de Chile central e implicancias neotectónicas (Tesis de Magister). Universidad de 
Chile. Santiago.
Paleobiology database. (2017). Fossilworks: Getaway to the Paleobiology Database. Disponible en: http://fossilworks.org [Consultado en: 3 de junio de 2017]
Pardo, M., Comte, D., Monfret, T., Boroschek, R., Astroza, M. (2002). The October 15, 1997 Punitaqui earthquake (Mw= 7.1): a destructive event within the subducting 
Nazca plate in central Chile. Tectonophysics, 345(1), 199-210.
Rabassa, J., Clapperton, C. M. (1990). Quaternary glaciations of the southern Andes. Quaternary Science Reviews, 9(2), 153-174.
Ramos, V. A. (1994). Terranes of southern Gondwanaland and their control in the Andean structure (30–33 S latitude). In Tectonics of the Southern Central Andes (pp. 
249-261). Springer Berlin Heidelberg.
Ramos, V. A., Cegarra, M., Cristallini, E. (1996). Cenozoic tectonics of the High Andes of west-central Argentina (30–36 S latitude). Tectonophysics, 259(1), 185-200.
Rauld, R. (2011). Deformación cortical y peligro sísmico asociado a la Falla San Ramón en el frente cordillerano de Santiago, Chile central (33ºS) (Tesis de Doctorado). 
Universidad de Chile. Santiago.
Rebolledo, S., Elgueta, S., Carrasco, N., Vatin-Perignon, N., Kie�er, G. (2000). Zoni�cación del peligro de remoción en masa en San José de Maipo, valle del río Maipo, 
Región Metropolitana. Actas IX Congreso Geológico Chileno, Puerto Varas, p.107-110.
Reutter, K. J. (2001). Le Ande centrali: elemento di un’orogenesi di margine continentale attivo. Acta Naturalia de l’Ateneo Parmense, 37 (1/2), 5–37.
Rossel, P., Oliveros, V., Mescua, J., Tapia, F., Ducea, M., Calderón, S., Charrier, R., Ho�man, D. (2014). The Upper Jurassic volcanismo of the Río Damas-Tordillo Formation 
(33° - 35.5°S): Insights on petrogenesis, chronology, provenance and tectonic implications. Andean Geology, 41 (3), 529-557.
Quiroga, R. (2013). Análisis estructural de los depósitos Cenozoicos de la Cordillera Principal entre el Cerro Provincia y el Cordón Quempo, Región Metropolitana, 
Chile (Memoria de título). Universidad de Chile. Santiago.
Salazar, C. (2012). The Jurassic-Cretaceous boundary (Tithonian – Hauterivian) in the Andes Basin of Central Chile: Ammonites, bio- and sequence stratigraphy and 
paleobiography (Tesis de Doctorado). Ruprecht-Karls-Universität Heidelberg. Heidelberg.
Sellés, D., 1999. La Formación Abanico en el Cuadrángulo Santiago (33º 15’-33º 30’S; 70º30’-70º45’O), Chile Central. Estratigrafía y geoquímica (Tesis de Magister). 
Universidad de Chile, Santiago.
Scheuber, E., Andriessen, P. A. (1990). The kinematic and geodynamic signi�cance of the Atacama fault zone, northern Chile. Journal of Structural Geology, 12(2), 
243-257.
Schrott, L., 1991. Global solar radiation, soil temperature and permafrost in the central Andes, Argentina: a progress report. Permafrost and Periglacial Processes 2, 
59-66.
Schrott, L., 1998. The hydrological signi�cance of mountain permafrost and its relation to solar radiation. A case study in the high Andes of San Juan, Argentina. 
Bamberger Geographische Schriften 15, 71-84.
Spalletti, L. 2001. Evolución de las cuencas sedimentarias, en: Artabe, A., Morel, E., Zamuner, A. (Eds.), El Sistema Triásico en la Argentina (pp. 81-101), Fundación 
Museo de La Plata “Francisco P. Moreno”, La Plata.
Thiele R. (1978). Hoja Santiago. Escala 1:250.000. Carta Geológica de Chile N°39. Instituto de Investigaciones Geológicas.
Umerez, J., & Wainstein, P., 2015. Los Glaciares de Escombros (o Rocosos) no son un Caso Especial de Glaciares, 701–704.
Universidad de Chile. (2015). Geología del Valle del Río Yeso. Geología de Campo II.
Universidad de Chile. (2016). Informe geológico sector Termas del Plomo. Geología de Campo II. Otoño 2016.
Uyeda, S. (1987). Chilean vs. Mariana type subduction zones with remarks on arc volcanism and collision tectonics. Circum-Paci�c orogenic belts and evolution of the 
Paci�c Ocean basin, 1-7.
Uyeda, S., Kanamori, H. (1979). Back‐arc opening and the mode of subduction. Journal of Geophysical Research: Solid Earth, 84 (B3), 1049-1061.
Valero‐Garcés, B. L., Jenny, B., Rondanelli, M., Delgado‐Huertas, A., Burns, S. J., Veit, H., Moreno, A. (2005). Palaeohydrology of Laguna de Tagua Tagua (34 30� S) and 
moisture �uctuations in Central Chile for the last 46 000 yr. Journal of Quaternary Science, 20(7‐8), 625-641.
Valenzuela, P. 2008. El Volcán y nuestro origen como poblado minero. Dedal de oro. Cultura, creatividad, diversidad, 41.
Vergara, M., & Drake, R. (1979). Edades K/Ar en secuencias volcánicas continentales postneocomianas de Chile Central; su depositación en cuencas intermontanas 
restringidas. Revista de la Asociación Geológica Argentina, 34 (1), 42-52.
Vergara, M.; Morata, D.; Villarroel, R.; Nyström, J.O.; Aguirre, L., (1999). 40Ar/39Ar ages, very low-grade metamorphism and geochemistry of the volcanic rocks from 
"Cerro El Abanico", Santiago Andean Cordillera (33°30'S-70°30'-70°25'W). In Fourth International Symposium on Andean Geodynamics, Extended Abstracts Volume. 
Georg August Universität, p. 785-788. Göttingen.
Whalley, W., H. E. Martin, 1992. Rock glaciers, mechanisms, Progr. Phys. Geog., 16, 127– 186. II, Model and mechanisms,Progr. Phys. Geog., 16, 127– 186.

REFERENCES

The eastern border of the Principal Cordillera in the Andes of Central Chile is characterized by a 
complex tectonics evolution, in which the development of the Aconcagua Fold and Thrust Belt is 
one of the main processes responsible for its modern configuration. This has motivated 
investigators, but despite the efforts, scientific knowledge has been insufficient to provide 
understanding of this structure and its role in the Andes. Between May 28 and April 7 2017, the 
course of Field Geology II of the University of Chile mapped this area at the scale of 1:50,000, with 
the objective to determine the tectonic evolution and geological history of the Colina and Volcán 
river valleys in the high Andes of Santiago. As a result, five lithostratigraphic units where recognized 
which correspond to La Engorda, El Cabrerío, Las Arenas, El Morado and Baños Morales which have 
been described in literature as Río Colina (González 1963), Río Damas (Klohn 1960), Lo Valdés 
(González 1963), Colimapu (Klohn 1960) and Abanico (Aguirre 1960) formations. These correspond 
to marine and continental sedimentary series. Quaternary units were defined, which are constituted 
by landslides, fluvial, alluvial and glacial deposits disposed in the valleys. Two different Quaternary 
volcanic units where described, corresponding to the recent volcanic products of San José Volcano, 
as well as a Plutonic unit. A cross section across the study area revealed the configuration of the 
Aconcagua Fold and Thrust Belt, characterized as an east-vergent thin-skin structure. Seven first 
order geological structures were defined; four of them correspond to east-vergent faults (Cerro 
Vega, Catedral, Arriero, and Nieves Negras faults), one of them corresponds to a west-vergent fault 
system (Sistema de Falla Puntiagudo) and two of them to west-vergent folds (Pliegue Andrade and 
Cerro Amarillo). Second order structures were also described corresponding to anticlines and 
inverse faults. It is proposed an east-vergent propagation of deformation with a minimal shortening 
estimated as 34 kms, equivalent to 53% of the initial configuration. These structures evidence a 
complex history of tectonic activity and can explain the modern configuration of the geological units 
defined in this work that together with exogenous erosive processes, modify the Earth's surface in 
this portion of the Andes. 

STRUCTURES

Biostratigraphy

- 24 specimens collected on the ground corresponding to the phylum Mollusca.

- Ammonoidea subclass: 22 fragments.
 Species of marine nectonal character 
 => Platform environments (deep and shallow submareal).

- Bivalvia Class: 2 fragments (order Ostreida and subclass Heterodonta).
 Ostreoidea Order: Coastal and transitional marine environments.
 Subclass Heterodonta: Wide variety of marine environments.
  => Occurrence of variations of marine facies during the deposition of the Las Arenas formation.
 Age for formation the titanian-barresian sands
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Geomorphology in the area is controlled by di�erent natural processes as is climate, tectonics, erosive and sedimentation pro-
cesses. The climate corresponds to semiarid in low temperature conditions. This allows the action of glaciers and their associated 
morphologies (moraines, U shape valleys, rock glaciers, and others) and mechanical and chemical weathering (producing geli-

fraction and cryoclast and dissolution and other processes respectively).  

Glacial Geomorphologies

The Nieves Negras Glacier is located upstream from the Baños Colina thermal springs. The 
accumulation zone is located on the slopes of the San José volcano and extends for approxi-
mately 6.5 km (from ~ 5,300 m s.m. to its base, at ~ 2,900 m s.m.). It is classi�ed in its head as 
a mountain glacier and as a valley glacier in the lower zone. Its morphology comprises two 
well-de�ned lateral moraines.

Top view of rock glacier. These morphologies correspond to lobulated, tongue-shaped 
bodies, composed of angular blocks with few matrix and resembling a small glacier. They 
have grooves, warheads and lobes on their surface. There are lateral walls and steep scarps, 
which would bring debris directly on the surface of the glacier

Lateral Morain. These are arranged in the form of thick cords attached to the foothills of the La Engorda, 
El Morado and Colina valleys. They can be seen at the bottom of Las Arenas vally (on its eastern slope) 
and north of the study area as well as at the bottom of the Colina river valley, near the foothills of the 
San José volcano. The texture of these deposits is massive, poorly selected and chaotic. Near these 
moraines are deposits and �uvioglacial channels that represent processes of rework in the moraines.

Covered glacier at the foot of San José volcano. It is identi�ed at the base of the Nieves 
Negras glacier where an important super�cial detrital cover is observed, derived from 
typical processes of periglacial environments, which could be generating thermal isolation 
of the existing ice under this cover

Rock glacier located on the western �ank of the Colina River valley, in front of the camp. The relief 
forms associated with active rock glaciers consist of a layer of debris covering either detritus 
supersaturated in ice or pure ice. These forms are distributed at lower altitudes than the glaciers 
discovered, mainly to the west of the Colina River (in front of Baños Colina), in the Marmolejo valley 
and placed in the circuses between the drawer of the Sands and the valley of the Marmolejo.

Frontal Moraine. They correspond to those moraines deposited in front of a glacier body, characterized by 
poor selection, angular blocks and polymictic clasts in addition to abundant matrix (approximately 70% 
of the matrix). The moraine type is mainly recognized in the distal area of the valley of La Engorda in the 
area adjacent to the San José volcano, and is constituted by volcanic blocks, lava and sandstones from 1 
cm to 5 m in diameter in a �ne matrix of sand, silt and clays. It reaches a visible power of 50 m approxi-
mately and is arranged in two strips with north-south course, orthogonal to the valley.

Landslides and Gravitational Deposits
Glacial valley of the Volcan river and colluvial 
deposits in both �anks of the same, associat-
ed to the Río Damas (to the right, south �ank) 
and Lo Valdés (left, north �ank) formations. It 
is possible to recognize the U-shape of the 
glacial valley, which is later a�ected 
gravitational processes. The colluvial deposits 
are found on the hillsides, which correspond 
to areas of high slope.

Colluvial deposits. Consists of blocks of rock 
and gravel, containing little to none �ne 
material. These deposits form cones of 
dejection at outcrop feet. Vegetation cover can 
be present depending age of the deposits.They 
usually show a decimetric to metric thickness 
(being poorly graded) and present an average 
size of clasts in the centimeter to decimetric 
range (with sizes up to 3 m). The clasts are 
generally subangled to angular and of low 
sphericity, so that the deposits are metastable 
with a slope of rest between 25 ° and 40 °. Older 
deposits tend to be stable.These deposits are 
found throughout the study area, mainly on 
both slopes of the glacial valleys present and at 
the con�uences of drainage networks.

Recent landslide deposits. These deposits have originated 
from material displacements and are associated with 
vertical or high slope slopes. The most characteristic 
reservoir is located on the southwest slope of Aguja 
Escondida, east of the con�uence zone of the Volcán and 
Colina rivers. The clasts in this place cover a variable size 
range (from blocks of less than 1 m to blocks of 7 m in 
diameter). It has been reported as a recent deposit 
because it presents intercalations with current colluvial 
deposits. Other deposits of this type are found in the 
north slope of the valley La Engorda and in the distal area 
of the Lasjas valley. Its development is limited to the east 
by a large alluvial cone from the Las Lajas valley and to the 
south by the �uvioglacial plain of the La Engorda valley.

Older landslide deposits. These deposits are observed 
coexisting with those of diamict type, presenting clasts of 
variable size immersed in a sandy matrix. They are 
massive deposits with no evidence of internal strati�ca-
tion, with monomictic composition of the clasts and 
lithology similar to the outcrops nearby. To the south of 
the valley Las Arenas and to the west of the valley La 
Engorda (speci�cally at the con�uence of the estuaries La 
Engorda, Marmolejo and Morado), there is a deposit of 
this type presenting a large volume. It consists of volcanic 
blocks (ranging from 1 to 3 m in diameter) angled to 
subangled with a high degree of alteration. This deposit 
does not present evidence of glacial erosion and there is a 
clear predominance of vegetation. Towards the east one 
can infer a contact with the frontal moraine of the valley 
La Engorda, where part of the deposits of this removal 
cover the morrénicos deposits mentioned.

Alluvial and Fluvial
Deposits

Alluvial deposits.They correspond to 
deposits of poor selection, �ne matrix 
and angular clasts to subredondeados, of 
variable granulometry (from sand to 
gravel) and with possible presence of 
blocks. Its origin is associated to sporadic 
�ows of low energy with variable 
volumes. Morphologically they are 
presented as fans whose apex is associat-
ed to the ravines that originate them with 
granulometric distribution of thick 
materials in the proximal area of the fan 
and �ne in the distal zones, generating a 
concave surface that follows the direction 
of the �ow and projects longitudinally in 
favor of the slope. They also occur as part 
of an alluvial plain.

Fluvial and �uvio-glacial deposits. Fluvial deposits 
are �lling the valley and canalized in the ravines 
resulting from a strong vertical incision posterior to 
the development of the �uvioglaciales plains. They 
correspond to unconsolidated deposits, composed 
mainly by gravels with moderate matrix of sand, silts 
and clays. The clasts are sub-oblong to angular, in 
the absence of preferential orientation. Its 
formation is related to discharges of glacial melting 
water. Levels of terraces are observed locally in the 
study area, as in the La Engorda valley.
Fluvio-glacial deposits are composed mainly of 
rounded to sub-rounded clasts in addition to 
angular clasts inserted in a �ne matrix of silt and 
very cohesive �ne sand. Its incision truncates the 
frontal moraine deposits. These deposits are �at and 
terraced, with a better selection of the material that 
moraines. They form outwash plains.

Landscape Evolution

1. Tectonic uplift due to a compressive regime associated with the subduc-
tion and consequent deformation processes of the relief.

2. Pleistocene Glaciation recognized in Lo Valdés, El Morado, Baños Morales 
areas and higher altitudes, with predominance of valley glaciers. This glacia-
tion was de�ned by Borde (1966) as the later glacial phase within the third 
glaciation indicated by Brüggen (1950), and that is evidenced by moraine de-
posits in all the valleys studied. 

3. Diachronic retreat of glaciers in La Engorda, Colina and Las Arenas val-
leys. The most recent glacial deposits of Las Arenas valley would indicate that 
the ablation processes acted later in this valley, a phenomenon that could be 
explained by the orientation of the valley with respect to the incidence of 
solar radiation on it. The opposite occurs in the Colina river valley, where gla-
cial processes are superimposed largely by gravitational deposits, alluvial 
and �uvial processes, indicating an earlier glacial ablation with respect to the 
rest of the valleys. This phenomenon would have a possible explanation for a 
higher incidence of solar radiation because this valley faces north. 


