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RESUMEN 

Los Andes del Ecuador se dividen en dos cadenas montañosas orientadas norte-sur, la Cordillera 

Occidental (CO) al oeste y la Cordillera Real (CR) al este. Entre estos se encuentra la Depresión 

Interandina, un valle que se extiende con varias cuencas exhumadas de norte a sur como Chota, 

Guayllabamba, Latacunga-Ambato, Riobamba, Cuenca, Girón-Santa Isabel, Nabón, Loja, 

Vilcabamba y Zumba. Estas cuencas comprenden de depósitos de abanico aluvial, fluviátiles, 

lacustres y clastos volcánicos que conservan un registro de los escenarios sedimentológicos, 

estructurales y paleo ambientales del pasado. La cuenca del Chota es la cuenca inter-montana 

más septentrional de los Andes ecuatorianos. Este relleno de cuenca está definido por cuatro 

formaciones (Fm) estratigráficas:  Chota, Santa Rosa, Peñas Coloradas y Carpuela. Este estudio 

llevó a cabo un análisis sedimentológico y paleo ambiental detallado de una parte de la 

Formación Chota y la Formación Peñas Coloradas (PCF). En nuestra área de estudio, Chota Fm 

tiene un espesor de ~ 48 m, y Peñas Coloradas Fm tiene ~ 413 m con un total de ~ 461 m de 

espesor. Realizamos una descripción detallada de registros sedimentarios a escala 1: 1000, 

recuento de clastos en conglomerados y un análisis XRD de arcilla. Estos métodos nos permitirán 

proponer depósitos ambientales, proveniencia y señales paleo climáticas que prevalecieron 

durante la deposición del PCF. Según el tipo de sedimentos, dividimos la Fm Peñas Coloradas en 

cuatro Miembros: Canales Colorados, Brillosas, Tabulares y Volcanicas. Estas están compuestas 

por una serie de intercalaciones de depósitos finos y gruesos que sugieren ambientes lacustres, 

abanicos aluviales, fluviales y de escombros. Además, el análisis de arcilla propone una 

transición en el paleo clima de húmedo a árido, y la procedencia sugiere áreas circundantes 

como la Formación Ambuquí, Los Volcánicos de Angochagua y los gneises de Sabanilla.  

PALABRAS CLAVE: Peñas Coloradas; Formación; Miembros; sedimentología; ambientes; 

proveniencia.



 

ABSTRACT 

The Andes of Ecuador is divided into two north-south sub-parallel chains, the Cordillera 

Occidental (CO) to the west and the Cordillera Real (CR) to the east. In between these is the 

Interandean Depression, a valley that spans of several exhumed basins from north to south such 

as the Chota, Guayllabamba, Latacunga-Ambato, Riobamba, Cuenca, Giron-Santa Isabel, Nabón, 

Loja, Vilcabamba and Zumba basins. They comprise alluvial fan, fluviatile, lacustrine, and 

volcanoclastic deposits that preserve a record of the past's sedimentological, structural settings, 

and paleoenvironment. The Chota Basin is the northernmost intermontane basin of the 

Ecuadorian Andes. This basin fill is defined by four stratigraphic formations: Chota, Santa Rosa, 

Peñas Coloradas, and Carpuela Formations (Fm). This study carried out a detailed 

sedimentological and paleoenvironmental study of a part of the Chota Formation and the Peñas 

Coloradas Formation (PCF). In our study area, Chota Fm has a thickness of ~48 m, and the Peñas 

Coloradas Fm is has a ~413 m with a total of ~ 461 m in thickness. We carry out a detailed 

description of sedimentary logs at a 1:1000 scale, clast count in conglomerates, and an XRD 

analysis of clay.  These methods will allow us to propose environment deposits, source, and 

paleoclimatic signals that were prevalent during the deposition of the PCF. According to the type 

of sediments, we divided the Peñas Coloradas Fm into four Members: Canales Colorados, 

Brillosas, Tabulares, and Volcanicas Members (Mbr). They comprise a series of intercalation of 

fine and coarse deposits that suggest lacustrine, alluvial fans, fluvial, and debris flow 

environments. Furthermore, the clay analysis proposes a transition in the paleoclimate from 

humid to arid, and the provenance suggests to surrounding areas like Ambuquí Formation, 

Angochagua volcanic, and Sabanilla gneisses. 

KEYWORDS: Peñas Coloradas; Formation; Members; sedimentology; environments; 

provenance. 
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1. INTRODUCTION   

The Andes mountain range is located along the western margin of South America, bordering the 

entire coastline of the Pacific Ocean. In Ecuador, the Andean chain has a length of ~600 km and 

a width of 150 -180 km (Coltorti   & Ollier,2000). The Ecuadorian Andes is characterized by three 

important physiographic features; the Cordilleras (Western and Eastern/Real) and the 

Interandean Valley. Some of the events of the evolution of this orogen have been recorded by 

sedimentological and structural features preserved in intermontane basins within the Andes. 

Sedimentary basins provide valuable details about the stratigraphic, structural and paleoclimatic 

processes (among others) in a determined zone and time. Therefore, deposited sediments 

preserve information for long geological periods that can help make a tectonic reconstruction 

of a determined area (Marocco et al., 1995; Einsele, 2000; Streit et al., 2017). The main driver of 

sedimentary deposition in a basin is the rate and magnitude of tectonic activity, sea level 

variations and climatic effects, which control the size, provenance, and transport of sediments 

as well as , weathering (physical, chemical, and biological processes), uplift and erosion, and 

creation of accommodation (McCann & Saintot, 2003). Therefore, intermontane basins can 

reveal the process of uplift and erosion through stratigraphic and paleoenvironmental records. 

This can be determined through a detailed study of change in the sedimentary provenance, 

variations in grain size, unconformities, and sedimentary structures (Streit et al., 2017). 

Several continental, Inter-Andean basins were formed in Ecuador between 26 and 6 Ma related 

to the subduction of the Nazca plate beneath the South American plate (Barragán et al., 1996; 

Hungerbühler et al., 1995; Lavenú et al., 1995; Tibaldi & Ferrari, 1992).  These are from North to 

South; the Chota, Guayllabamba, Latacunga-Ambato, Riobamba, Cuenca, Girón-Santa Isabel, 

Nabón, Loja, Vilcabamba and Zumba basins (Fig.1) (Marocco et al., 1995).  The basin fills consist 

of continental sediments of reworked material derived from volcanoes and metamorphic rocks, 

deposited in alluvial fan, fluviatile, and lacustrine environments (Barragán et al., 1996; 

Hungerbühler et al., 1995; Marocco et al., 1995; Coltorti & Ollier,2000).   

The Chota Basin is an intermontane basin located to the north of the Ecuadorian Andes in the 

Imbabura province. This basin conserves the best Neogene stratigraphic record in the northern 

sector of the country and is composed of fluvial, lacustrine and alluvial, as well as pyroclastic 

Pleistocene-Holocene deposits (Tibaldi & Ferrari, 1992). Several tectonic events have controlled 

the sediment fill and caused a cyclic evolution.  
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Though there are not many previous studies of the Chota basin, the ones that exist yield 

contradictory interpretations regarding the basin stratigraphy and structure. According to 

Barragán et al. (1996), the Chota basin is interpreted as an intermontane intra-arc basin, 

developed under two main stages, which controlled the sedimentary fill. The opening is 

characterized by a thinning and fining-upwards, result of a transtensional tectonic regime. The 

closure is characterized by a thickening and coarsening-upwards, a result of a compressive 

tectonic event. These events originated sub-basins defined by four formations: Chota Formation 

located in the central part, Santa Rosa Formation towards the western margin, and Peñas 

Coloradas Formation and Carpuela Formation developed towards the eastern of margin of the 

basin. According to Barragán et al. (1996) the sedimentary evolution of basin is defined by 

fluviatile and lacustrine deposits of the Chota Formation, followed by conglomeratic facies of 

prograding alluvial fans belonging to Santa Rosa, Peñas Coloradas and Carpuela Formations. 

On the other hand, Winkler et al. (2005) define three formations geographically separated by a 

N-S lahar flow in the Cota basin. From base to top these are Peñas Coloradas, Chota, and Santa 

Rosa formations. The tectono sedimentary assemblage is interpreted within a full-ramp basin 

model in which reverse faults drive differential uplift of the basin-bordering cordilleras. The 

sedimentary sequence is defined as alluvial deposits in the Peñas Coloradas Formation, fluvial 

to lacustrine deposits in the Chota Formation, and fluvial to alluvial fan deposits in the Santa 

Rosa Formation. 

One of the main issues with all of the previously mentioned studies is that they do not have 

detailed stratigraphic and sedimentological observations and analysis of the Peñas Coloradas 

Formation. This formation is formed by various sequences that have been interpreted as alluvial 

fan deposits, and is crucial to understand the basin evolution given its thickness and the various 

interpretations about its depositional position.    

To address this gap in knowledge, in this study, we will carry out a detailed study of the 

sedimentology of the Peñas Coloradas Formation of the Chota basin, which is exposed in the 

eastern part of the basin (Fig. 1). To do this, we will create detailed sedimentary logs, measuring 

stratigraphic thickness, describing sedimentary structures, granulometry, and lithologies, as well 

as counting clasts in conglomerates for provenance analyses. Furthermore, we will carry out XRD 

analyses of clay to determine the pattern of clay types throughout the stratigraphic column.  This 

will allow us to determine the source area of the deposit, and the conditions of transport and 

deposition (Reineck & Singh, 2012). Moreover, we will define the clay assemblages and infer 

paleoclimate conditions prevalent during the Peñas Coloradas Formation deposition. 
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Accordingly, all this will allow us to make a sedimentological and paleoenvironmental 

reconstruction of the Peñas Coloradas Formation, thus furthering our knowledge of the 

evolution of the Chota Basin. 

 

Study Area 

 

 

 

 

 

 

 

 

Figure 1.   Map of the study area including from North to South the Chota, Guayllabamba, Latacunga, Riobamba, Cuenca – Girón - Santa 

Isabel, Nabón and Loja sedimentary basins. The red square shows the Chota basin located in the Imbabura province with a zoom-in of the 

study area the Peñas Coloradas Formation (pink color). The dash lines show the Cordilleras that bound the Interandean Zone. Maps 

modified from Marocco (1995) and Winkler et al. (2005). 
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2. GEOLOGICAL SETTING 

The Andes of Ecuador are formed by the Western and Eastern Cordilleras and the Inter-Andean 

valley that separates them. These mountains form a continental volcanic arc due to the Nazca 

plate's subduction beneath the South American Plate with a mean rate of subduction of 

58mm/yr. (Hungerbühler et al., 1995; Litherland & Aspden, 1992; Vallejo, 2007). This process 

triggered the uplift, volcanism, and deformation of these Cordilleras (Hungerbühler et al., 1995). 

Furthermore, it created a retro-arc thrust belt along the sub-Andean zone; thus, part of the 

Andean shortening has been accommodated by the Eastern Cordillera thrusting over the 

Amazonian craton (Litherland & Aspden, 1992). The Western Cordillera is composed of mafic, 

intermediate extrusive and intrusive rocks, and by deep-water, shallow marine and continental 

deposits of Late Cretaceous to Oligocene age (Toro Álava & Jaillard, 2005). The Eastern Cordillera 

is composed of metamorphic rocks and granitoids of Paleozoic and Mesozoic age (Vallejo, 2007; 

Vallejo et al., 2009). On the other hand, the Inter-Andean Valley (IAV) or graben is infilled by 

Pliocene and Quaternary volcano-sedimentary rocks (Hughes & Pilatasig, 2002), that could reach 

Oligocene and Miocene age (Villagómez, 2003). This topographic depression is bound by the 

Calacalí-Pallatanga-Palenque fault to the west and the Peltetec fault to the east (Aspden & 

Litherland, 1992). 

2.1. WESTERN CORDILLERA  
 

The Western Cordillera of Ecuador is a part of the Andean orogen and has an altitude between 

1000 to 6300 meters above sea level (masl), characterized by the highest peak belonging to 

Chimborazo volcano (Vallejo, 2007). The major part of Western Cordillera is comprised of sub-

greenschist facies, oceanic plateau basalts and ultramafic rocks of Early to Late Cretaceous age, 

Late Cretaceous to Paleocene and Eocene marine turbidites, an early Eocene basaltic to 

andesitic oceanic arc segment, shallow marine Eocene limestone, and an Eocene-Oligocene 

terrestrial sequence (Hughes & Pilatasig, 2002; Jaillard et al., 2006).  

There are two oceanic terranes that accreted against the South American Plate margin, 

recognized in the Western Cordillera, the Pallatanga terrane to the east accreted during the Late 

Cretaceous and Macuchi terrane to the west accreted in the Eocene (Fig.2) (Toro Álava & Jaillard, 

2005). The age of the accretions are 85-80 Ma and 40-35 Ma (Hughes & Pilatasig, 2002; Jaillard 

et al., 2006; Kerr et al., 2002; Toro Álava & Jaillard, 2005; Vallejo, 2007; Vallejo et al., 2009). 
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Figure 2. Schematic geological map and cross-section of main terranes of Western Cordillera (Pallatanga and 

Macuchi) and the Chimbo-Toachi shear zone. Modified image from Hughes & Pilatasig (2002). 
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PALLATANGA TERRANE 
 

The Pallatanga terrane is exposed along the eastern border of the Western Cordillera, and it is 

limited to the east by the Pujilí fault zone and the west by the Chimbo-Toachi shear zone (Fig.2) 

(Hughes & Pilatasig, 2002; Kerr et al., 2002; Spikings et al., 2001; Vallejo, 2007; Vallejo et al., 

2009). This block is exposed in various zones of the Sierra zone such as the Pallatanga valley, and 

along the Ibarra, Lita, Otavalo, Selva Alegre, Quito, Chiriboga, Calacalí, Pacto, Guaranda, and 

Riobamba roads (Vallejo, 2007).  

The Pallatanga Terrane's origin is associated with a mantle plume because its composition is 

related to enriched mid-ocean ridge basalt (E-MORB) and oceanic plateau basalts that have the 

same composition as the Caribbean oceanic plateau (Kerr et al., 2002; Vallejo, 2007; Vallejo et 

al., 2009; Jaillard et al., 2009). Several recognized lithologies comprise Pallatanga terrane as 

basalts, microgabbros, peridotites, diabases, pillow lavas, dolerites, and hyaloclastites. 

According to Vallejo (2007), the age of crystallization of the mafic basement of the Pallatanga 

formation is 87.10±1.66 Ma.  

The Pallatanga terrane is divided into two main units:  San Juan unit to the east and the 

Guaranda unit to the west (Toro Álava & Jaillard, 2005).  

San Juan Unit is defined as the ultramafic root of the Pallatanga terrane and is the oldest 

sequence accreted around 85-80Ma (Toro Álava & Jaillard, 2005). This unit comprises 

serpentinized peridotites, fine-grained peridotites, dunites, olivine gabbros, fine to coarse 

amphibole gabbros, anorthosites, and dolerites (Vallejo et al., 2009). San Juan unit is limited to 

the east by the Yunguilla Fm, composed of Maastrichtian feldspathic greywackes, black cherts, 

and calciturbidites, and to the west with the Pallatanga Formation composed of amygdaloidal 

and pillowed basalts, hyaloclastites and massive dolerites (Kerr et al., 2002). It is exposed along 

the Saloya River, along the Quito-Chiriboga road, and San Juan and Totoras village in central 

Ecuador (Vallejo, 2007). 

The Guaranda unit comprises transgressive limestones, deep marine shales, radiolarites, 

turbidites, and coarse-grained shallow marine sandstones or conglomerates. This unit's age is 

Late Maastrichtian between 68-65 Ma (Toro Álava & Jaillard, 2005). Two formations have been 

recognized to the west of the Guaranda unit; Apagua Fm is comprised by dark grey siltstones, 

mudstones, and medium-grained sandstones and is exposed along the Guaranda-Riobamba and 

la Mana-Latacunga road, and along the Rio Chimbo valley (Vallejo, 2007). The Rumi Cruz Fm is 

composed of continental and marine deposits like breccias, coarse-grained sandstones, red 
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mudstones, shales, and fossil wood fragments; hence it suggests a fan delta environment and is 

exposed along Apagua- Angamarca road, to the south of Apagua village and the northwest of 

Quito (Toro Álava & Jaillard, 2005; Vallejo, 2007). 

MACUCHI TERRANE 

 

The Macuchi terrane is an island arc accreted to the South American margin in the Eocene (Fig.2) 

(Toro Álava & Jaillard, 2005). This terrane is composed of up 90% of volcano-sedimentary 

material, with a provenance that comes from oceanic island arc of basaltic to andesitic 

composition, product of submarine eruptions and deposition by gravity flow processes (Hughes 

& Pilatasig, 2002). Macuchi terrane is composed of volcanic sandstones, breccias with basaltic 

andesite fragments, tuffs, volcanic siltstones, cherts, pillow basalts, and andesitic intrusions 

(Hughes & Pilatasig, 2002; Kerr et al., 2002; Vallejo, 2007). The Macuchi unit is exposed along 

the western border of the Western Cordillera along the Aloag to Santo Domingo and Pilaló to La 

Maná roads, and the Rio Chimbo valley (Vallejo, 2007). This unit has economic importance 

because it includes at least two important sulfide mineral deposits like Macuchi and La Plata 

(Hughes & Pilatasig, 2002). 

2.2. EASTERN CORDILLERA 
 

The Eastern Cordillera or the Cordillera Real is a chain that forms part of the Northern Andes. 

This ridge extends to the North and is continuous with the Cordillera Central of Colombia, and 

the south is oblique with Eastern Cordillera of Perú. This Cordillera is formed by igneous and 

metamorphosed sedimentary rocks with ages from the Early Cretaceous to Paleozoic (Hughes & 

Pilatasig, 2002; Spikings et al., 2021; Spikings et al., 2001; Spikings & Crowhurst, 2004; Vallejo et 

al., 2009).  

The uplift and exhumation of the Eastern Cordillera resulted from the Collision of the South 

American Plate against the Caribbean Plateau (Vallejo, 2007). The mountain chain's origin is 

dated of the Early Cretaceous, related to the Peltetec event where allochthonous terranes 

accreted against the Guyana shield. It is composed of metamorphic and granitic rocks (Pratt et 

al., 2005; Spikings et al., 2001; Spikings et al., 2000). The Peltetec fault bounds the Eastern 

Cordillera to the west, juxtaposing it to the N-S elongate inter-Andean depression. To the east, 

Cosanga-Palanda-Mendez faults place the Cordillera Real in contact with Cretaceous 

sedimentary rocks, a Jurassic plutonic regional belt (the Abitagua batholite) belt, and volcanic 

rocks (Aspden & Litherland, 1992; Spikings et al., 2001; Spikings & Crowhurst, 2004).  Faults 
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(Peltetec, Baños Front, Llanganates, and Cosanga-Mendez faults) separate five lithotectonic 

divisions in the Eastern Cordillera. These divisions are Guamote (continental), Alao (island arc),  

 

The Guamote division is located in the western part of Real Cordillera between Riobamba and 

Azogues. It is limited to the west by the Peltetec fault and the east is overlain unconformably by 

Yunguilla Formation. The Guamote division is composed of orthoquartzite, phyllites, and low-

grade slates, sometimes present feldspathic minerals and blue quartz and interpreted to have 

formed in continental settings (Aspden & Litherland, 1992). 

The Alao division is exposed along the western part of Cordillera in northern Ambato and 

Southern Cuenca and dated at 90 to 140 Ma.  This division is limited by Baños front to the east 

and Peltetec fault to the west, and is composed of cherts, phyllites, basalts, dolerites, 

serpentinites, gabbros, and peridotite rocks.  Alao is divided into two subdivisions Alao-Paute 

Figure 3. Schematic section across the Cordillera Real. I. Ingapirca fault; PF Peltetec fault; BF Baños front; 

Llanganates fault; CF-MF Cosanga-Mendez fault. Image taken from Aspden &Litherland (1992). 
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and Maguazo (Aspden & Litherland, 1992). Alao-Paute subdivision involves andesitic 

greenstones, greenschists, graphitic phyllites, quartz-silicate, meta-basaltic, meta-andesitic, 

marbles, and volcanic breccias (Aspden & Litherland, 1992; Pratt et al., 2005).  The Maguazo 

subdivision is composed of turbidites, volcanic clastic, andesitic greenstones, carbonaceous 

slates, and cherts.  

The Loja division is a sub horizontal belt that forms the Cordillera’s middle tectonic level and is 

exposed along the Eastern Cordillera length between Cuenca and the Peruvian border.  This 

division is limited by Baños front to the east and the Llanganates fault to the west.  This division 

consists of metamorphosed, semi pelitic, and meta granitoid rocks (Aspden & Litherland, 1992). 

Loja has two subdivisions, Tres Lagunas and Sabanilla. Tres Lagunas subdivision contains foliated 

greenschist and quartzites rocks of medium to coarse-grained with minerals of alkali feldspar, 

garnet, cordierite, and pale blue quartz (Aspden et al., 1992; Aspden & Litherland, 1992). The 

Sabanilla subdivision contains foliated and migmatitic rocks of medium to high-grade like schists, 

gneisses, paragneisses, and amphibolites.  

The Salado division is composed of andesitic and metasedimentary rocks and is divided into two 

deformed subdivisions, the plutonic Azafran and the volcano-sedimentary Upano (Aspden & 

Litherland, 1992; Pratt et al., 2005).  The Azafran subdivision contains two main plutons, the 

Chingual and Sacha, with deformed rocks like granodiorites, orthogneisses, schists, tonalites, 

diorites, hornblendites, and gabbros.  The Upano subdivision comprises deformed volcano-

sedimentary rocks like metamorphosed andesites, stuff, greywackes, marbles, quartzites, and 

black phyllites, and metamorphic rocks such as greenschists and hornblende amphibolites.     

The Zamora division is located to the east of the Cordillera and is a compound of two 

subdivisions, the Abitagua and Misahualli. Abitagua is formed by potassic Jurassic granites in the 

Eastern Cordillera and comprises three calc-alkaline batholiths, the Rosa Florida, Abitagua, and 

Zamora (Aspden & Litherland, 1992; Pratt et al., 2005). These batholiths are composed of silica 

lavas, pyroclastic, andesites, hornblende andesites, dacites rocks, and high-level subvolcanic 

intrusions. The Misahualli subdivision consists of continental volcanic sequence with subvolcanic 

and plutonic rocks (quartz syenite to quartz monzonite) associated to the Florida pluton (Aspden 

& Litherland, 1992; Pratt et al., 2005). 

2.3. INTER-ANDEAN BASINS 
 

The Inter Andean Valley (IAV) is a tectonic depression located between Western and Eastern 

Cordilleras and starts to form in the Late Miocene-Pliocene. The IAV is limited to the east by the 
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Pisayambo fault scarp and the west by La Victoria scarp. Furthermore, some volcanoes define 

the planar zone along the edges of the Interandean basin like active stratovolcanoes (Pichincha, 

Antisana, Cotopaxi, and Tungurahua) and old volcanoes (Iliniza, Sagoatoa, Igualata, Altar, and 

Chimborazo) (Lavenú et al., 1995). The inter-Andean Valley opening began during the Late 

Miocene at ~6-5Ma. It ended with a compressive inversion that started in the Middle Pleistocene 

(Hungerbühler et al., 1995). The aperture was mainly driven by major strike-slip movements 

along the Calacalí Pallatanga fault (Villagomez,2003).   

Continental intramontane basins are common features along the South American Andes. 

According to Marocco et al. (1995) there are ten defined basins from North to south of Ecuador: 

Chota, Guayllabamba, Latacunga-Ambato, Riobamba, Cuenca, Giron-Santa Isabel, Nabón, Loja, 

Vilcabamba and Zumba basins (Fig.3). The Neogene continental basins are composed of 

reworked material, alluvial, lacustrine, volcanoclastic, and metamorphic basement rocks 

(Barragán et al., 1996; Hungerbühler et al., 1995; Marocco et al., 1995).    

 The northern Interandean Valley contains the Late Miocene to Pleistocene Chota, 

Guayllabamba, Latacunga-Ambato, and Alausi-Riobamba basins that are younger than the 

southern intermountain basins such as Cuenca, Giron-Santa Isabel, Nabón, Loja, Vilcabamba, 

and Zumba basins (Villagómez,2003).    
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Figure 4. The Interandean basins of Ecuador from North to South: Chota, Guayllabamba, Latacunga, 

Riobamba, Cuenca, Giron-Santa Isabel, Nabón and Loja. The color in the map represents the variation of 

elevations. (Source: modified image of Marocco et al.,1995). 

 

The Guayllabamba basin is located in the Central part of Ecuador in the Pichincha province. This 

basin comprises volcanic, fluvial, alluvial, lacustrine with interbedded volcanic, fluvial, deltaic, 

and turbiditic deposits (Villagómez, 2003). 
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The Latacunga-Ambato basin is limited to the east by the Pisayambo fault and the west by the 

La Victoria fault. It is composed of four different units with ~500m of the total thickness. The 

first unit comprises lahars, pyroclastic flows, andesite lavas, lacustrine and fluvial deposits. 

Unconsolidated fluviatile and lacustrine deposits form the second unit. Finally, the last units 

contain unconsolidated pyroclastic tuff. (Lavenú et al., 1995; Winkler et al., 2005).  

The Riobamba basin is located to the south of Ecuador in the Chimborazo province. This basin 

has a total thickness of ~ 100 m and is filled with lahars, alluvial and fluvial conglomerates, and 

volcaniclastic rocks. Some coarse facies are deposited during synsedimentary deformation and 

a compressive tectonic regime (Lavenú et al., 1995; Winkler et al., 2005). 

The Cuenca Basin is the largest Neogene intermontane basin in the southern part of the 

Ecuadorian Andes. The basin section has a thickness of ~4200 m, composed of lacustrine 

megaturbidites, fluvial and alluvial deposits. It has a coarsening-upward succession 

(Hungerbühler et al., 1995; Marocco et al., 1995). 

The Giron-Santa Isabel sub-basins contain facies deposited at sea level, which drained into the 

larger Cuenca basin. This basin comprises an alluvial and fluvial fan, bedload river, and shallow 

marine deposits (Steinmann et al., 1999).  

The Nabón basin is located 60 km to the south of Cuenca and is composed of Oligocene to 

Miocene volcanic series. It has a thickness of ~600m and consists of volcaniclastic breccias, 

sandstones, fluvial-lacustrine, ignimbrites, andesitic lava flows, and metamorphic rocks from 

Eastern Cordillera (Hungerbühler et al., 1995; Marocco et al., 1995). 

Loja, Vilcabamba, and Zumba basins are located in the last southern part of Ecuador. These 

basins are composed of reworked material from volcanoes and adjacent metamorphic 

basement rocks (Hungerbühler et al., 1995) composing in conglomeratic proximal and distal 

alluvial fans (Toro Álava & Jaillard,2005). 

Chota basin is located in the northernmost Ecuadorian Andes in the Imbabura Province, and it 

has the best stratigraphic record of the northern Inter Andean Valley (Fig.3) (Marocco et al., 

1995; Tibaldi & Ferrari, 1992). There are previous studies that determine the tectonic evolution 

and stratigraphy of the Chota basin.  

Tibaldi & Ferrari (1992) explain that the deformation of the northern sector of the Interandean 

valley that originated the morphology of the Chota basin suffered a phase of compressional 

deformation in the Pliocene epoch, causing cylindrical folds and reverse faults; and, after that, 
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occurred an extensional stage in the Holocene developing pure and left-lateral normal faults. 

The oldest rock in this sector comprises lacustrine and volcano-sedimentary deposits (Pliocene 

andesite and Miocene continental deposits) belonging to the Chota group. 

According to Egüez & Beate (1992), the basin presents a complex deformation, with 

synsedimentary folds and faults developed in the different phases of evolution of the basin. 

Three main faults controlled the development of the Chota basin, the Culebrón, Cariyacu, and 

the Ángel faults. This study defines four stratigraphic units from base to top. The Chota 

Formation has 380 m in thickness and comprises fluviatile and lacustrine deposits like shales, 

conglomeratic sand, and claystone. Santa Rosa Formation includes breccias and conglomerates 

with metamorphic and volcanic clasts and has 1000 m in thickness. Peñas Coloradas has 800 m 

in thickness and contains conglomeratic sandstones and a transition of shales to intercalation of 

conglomerates and sand. Finally, at the top, the Granalotal Formation is composed of fluvial-

lacustrine deposits, and it has a thickness of 350m. 

On other hand, Barragán et al. (1996) determined two stages of basin evolution, the opening, 

and closing. The basin opening is a consequence of a transtensional event that caused 

displacements along normal faults. These faults originated a depression that with time was filled 

with sediments. The Chota Formation is interpreted by Barragán et al. (1996) as a deposit 

formed in this stage and the change of fluvial to lacustrine environments was controlled by the 

velocity of tectonic subsidence. The closing of the basin is characterized by a compressive 

tectonic regime with NW-SE direction that caused dextral and inverse faults that led to the 

formation of marked reliefs on the western side of the basin that were recorded by the Santa 

Rosa Formation. Later a rotation of the main compressive stress vector occurred, shifting to a E-

W direction that created dextral and inverse faults that developed reliefs to the eastern margin 

of the basin that resulted in the deposition of Peñas Coloradas y Carpuela Formations (Barragán 

et al., 1996).  Therefore, Chota basin fill is defined by 4 Formations (Fm) from base to top; Chota 

Formation located in the central part, Santa Rosa Formation to the western margin, Peñas 

Coloradas and Carpuela Formations develop to the western margin of the basin. Chota Fm is 

interpreted like the older unit because it overlays the basement also it conformably and 

unconformably underlies the Santa Rosa and Peñas Coloradas Fm respectively. This unit is 500 

m thick and is composed of fining-upwards alluvial sequences, volcanic-conglomerate 

clast, mudstones and clay intervals. Santa Rosa Fm to the west is overlying by the Chota Fm and 

the basement. It has a ~1000m in thickness and comprises metamorphic, volcanic, and 

sedimentary conglomerates as well fluviatile, clays, and silts deposits. The next Fm is Peñas 
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Coloradas which has a fault contact with the Ambuquí subdivision and an unconformable 

angular contact with the Chota Fm. This suggests that the Peñas Coloradas Fm former later than 

Santa Rosa Fm. Peñas Coloradas Fm has 600m of thickness and comprises alluvial fan deposits, 

sheet flow, debris flow, and coarse volcanic deposits. The last stratigraphic Formation is the 

youngest in the Chota basin is Carpuela Fm. This Formation has a fault contact with the 

metamorphic Pacheco subdivision (basement). Carpuela Fm has ~300m in thickness and is 

composed of coarse-grained conglomerates, as well as alluvial, metamorphic and volcanic 

deposits (Barragán et al., 1996). 

Another study carried out by Winkler et al. (2005) proposes a ramp basin model to explain the 

development of the inter-Andean depression that generated different basins, including the 

Chota basin, which has suffered shortening with a compressive regime that originated reverse 

faults on both margins of the basin. During this process, three Formations were formed in the 

Chota basin with a total of approximately 1200–1400 m in thickness from base to top; Peñas 

Coloradas, Chota, and Santa Rosa Fm. In this study, Peñas Coloradas Fm is interpreted like the 

older unit due to a Zircon fission-track analysis obtaining an age of 5.4 ± 0.4 Ma. Chota Fm 

analysis range in age between 4.8 ± 0.4 and 2.9 ±1.5 Ma. Thus Winkler et al. (2005) suggest that 

the Peñas Coloradas Fm is older than Chota Fm. Peñas Coloradas Fm is comprises of alluvial fan, 

volcaniclastic breccias and metamorphic rocks. Chota Fm comprises volcanic, fluvial, and 

lacustrine deposits, and finally, The Santa Rosa Formation consists of fluvial to alluvial fan 

deposits. 
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3. METHODS 

This work requires a sound basis of field data, aerial photogrammetry, field data processing, and 

XRD analysis lab work. The fieldwork (Fig. 4A) lasted two and half months and during this time 

461 m of detailed sedimentary logs were recorded at a 1:1000 scale with descriptions such as 

bed thickness, grain size, clast composition (igneous, sedimentary or metamorphic rocks), 

sedimentary structures, matrix or clast support, tectonic structures, the roundness or angularity 

of clasts, color, contacts between beds, minerals, fossils, and another useful 

information.  Additionally, the stratigraphic columns were digitized in a free software called 

Stratigraphic Data Analysis in R (SDAR) that allows to plot and analyze stratigraphic and 

sedimentological data taken in the field. SDAR is an analytical package in the R programming 

language that produces detailed stratigraphic columns. It can include multiple features, for 

instance, bed thickness, lithology, samples, sedimentary structures, colors, fossil content, 

bioturbation index, gamma-ray logs, etc. (Ortiz & Jaramillo,2020). The program outputs 

vectorized graphics that can be edited using the Adobe Illustrator software to insert any 

features not available in the program.  

Another field data collected were clast counts, carried out in conglomeratic intervals throughout 

the Peñas Coloradas Fm. This process allows determining the composition and proportions of 

clasts within a bed. We used of "line method," which consists of counting individual particles 

along lines transverses (Fig. 4C). However, this technique creates differences in the statistics 

because we could find particles of different sizes (Howard,1993).  We defined the particle size 

to count in a range of 5-11 cm and an area of 1 m² separate into parallel lines in 10 cm each one 

(Fig. 4D). We choose eleven locations to carry out the clast-count: five locations in the Canales 

Colorados Mbr, three in the Tabulares Mbr, and three in the Volcanicas Mbr. We did not carry 

out the clast count in the Brillosas Mbr, or the Chota Fm because they do not have conglomeratic 

intervals suitable for this. 1480 clasts were counted in total, and the categories used were lavas, 

pumices, and metamorphic rocks. 

 X-ray diffraction (XRD) analyses were carried out on eighteen clay samples.  The clay samples 

were characterized in the laboratory of Chemical Science and Engineering at Yachay Tech 

University (Fig. 5A). Samples were dried in an oven (Fig. 5B) and then were crushed in an agate 

mortar to a fine powder (Fig. 5C). Subsequently, each sample was mounted in an aluminum 

sample holder with a multipurpose stage with 8-positions (Fig. 5D-E). The X-ray diffraction (XRD) 

analysis was carried out by a powder diffractometer, Mini-flex-600, from Rigaku, with a D/tex 

Ultra2 detector (Fig. 5F). The measurement conditions were 40 kV and 15 mA for the X-ray 
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generator in a sealed tube with a CuKα1,2 radiation source. For collecting data, the selected 

angular region was 2θ = 5-100° with a step width of 0.02°. The data reduction (the smoothing, 

background and zero-point corrections, and peak search) of powders diffraction was carried out 

using the Qualx 2.8 program. The crystallography open data (COD) base was used as the powder 

diffraction database, and the search-match methodology was used to obtain the possible 

candidates' list as a constituent of the crystalline phases present. However, this method did not 

yield matching clay minerals, so the American Mineralogist Crystal Structure Database was used 

to determine the signal that corresponds to the main clay minerals, and these were manually 

searched for in each sample. 

Orthomosaics were constructed with photogrammetry methods on images acquired with a DJI 

Inspire 2 drone equipped with a Zenmuse X4S camera belonging to the School of Earth Sciences, 

Energy and Environment at Yachay Tech University (Fig.4B). Guided flights were done using the 

Drone Harmony software and manually controlled flights were done with the DJIGo4 software. 

Panoramic, aerial, and frontal views of different outcrops were acquired. Finally, these images 

were processed into orthomosaics images with Pix4D Mapper software's with a 4cm/pixel final 

resolution. These orthomosaics provide a visual record of the geological features that were out 

of reach, or larger than outcrop scale.  

Figure 5. (A) fieldwork area, (B) DJI Inspire 2 drone equipped with a Zenmuse X4S camera, (C) line method, 

(D) Area of clast count (1x1 m2) divided into parallel horizontal lines of 10 cm of distance. 
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Figure 6. (A) clay samples, (B) oven extracting all moisture from samples, (C) Agata mortar for crushing samples, (D) 

powder and preparation of samples for the diffractometer, (E) aluminum sample holder with eight positions, (F) 

processing of samples inside of the powder diffractometer, Mini-flex-600. 
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4. RESULTS 

We described the Chota Formation and the Peñas Coloradas Formation defining four members 

in the latter (Fig.6). The stratigraphy begins above the Ambuquí Formation, which is the local 

basement. The Ambuquí Formation consists of low to medium-grade metamorphosed rocks 

such as quartzites and phyllites with abundant mica and quartz. These rocks show evidence of 

brittle and ductile deformation (Fig.7F), with the presence of structures like folds, faults, and 

joints. Parts of the basement have a deep reddish color which we interpret as a laterized 

weathering surface formed on an exposed paleosurface. 

The sedimentary section in our study area in the Chota basin is divided into two formations, the 

Chota Formation and the Peñas Coloradas Formation. The Chota Formation is composed of 

shales and sandstones with abundant sedimentary structures such as cross-stratification and 

lamination. Further, it contains much organic material and conserves fossils like bivalves, leaves, 

and roots. Its color varies from dark gray to yellowish (Fig.7E).  

The Peñas Coloradas formation is composed by the Canales Colorados, Brillosas, Tabulares and 

Volcanicas members (Fig.6), which have concordant contacts between them.  

The Canales Colorados Member has a thickness of ~128 m and has an underlying fault contact 

with the Chota unit and basal discordance with the basement. The predominant lithologies in 

this unit are conglomerates and breccias and it consists of intercalation of sandstones and 

conglomerates. The clast size varies from very coarse sand to boulders; the conglomerates are 

matrix supported, the clasts' shape is angular to subrounded, poorly to medium sorted. The 

Canales Colorados Member is characteristized by large channels with erosive bases. It has large 

cross-stratification structures and the colors differ between gray and red (Fig.7D).  

The Brillosas Member has a thickness of approximately 146 m. It comprises very fine to medium 

coarse sand and some shale beds; the sands are well sorted with rounded clasts. This unit has a 

high content of micas giving it a shiny beige appearance. Brillosas contains cross-stratification 

and lamination structures. In the shale beds, there is organic matter conserved in fossils of 

bivalves and leaves (Fig.7C). 

Tabulares member has ~67 m in thickness. It comprises intercalations of unconsolidated fine 

sand and consolidated medium to coarse sand, well sorted, and subangular shape. Furthermore, 

there are centimetric fine grained beds towards the base of the member. It contains fossils and 

cross-stratification (Fig.7B). 
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Finally, the Volcanicas member has a thickness of ~72 m. It comprises intercalations of dark gray 

volcanic, matrix supported breccia and light gray very coarse sandstone with cross-stratification. 

The predominant clasts in this unit are andesite, pumice, and gneiss lithics.  The clast size is from 

pebbles to boulders (Fig.7A).  

 

 

Figure 7. Geological Map showing the Chota Formation and Subdivisions of Peñas Coloradas Formation; Canales Colorados, 

Brillosas, Tabulares and Volcanicas Members. Locations of taken data of the Stratigraphic Columns and Clast Count.  
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Figure 8. Schematic stratigraphic column with the composing units of the of Peñas Coloradas formation overlying the Chota Fm. and 

the Ambuquí Gp. (A) Volcanicas Member panoramic view, (B) Tabulares Member shows the intercalation of consolidated and 

unconsolidated sand, (C) Brillosas Member panoramic view, (D) Canales Colorados Member shows the large red channels, (E) 

deformed outcrop of Chota Formation and (F) the base of all sequence composed by deformed and folded metamorphic rocks. 
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4.1. CHOTA FORMATION 
 

Description 

The Chota Formation has a thickness of ~48 m in our study area. Figure 8 shows a synthetic 

stratigraphic log that summarizes observations from various outcrops. It comprises shale and 

sandstones. The base of the formation is not exposed, but the deepest part we can see begins 

with intercalations of claystone and fine to medium sandstone that transitions to medium to 

coarse sand in the upper part of the section.  There is an upward coarsening trend overall, 

good sorting, subrounded clast shape, and dark gray to yellowish color. The common 

sedimentary structures are horizontal laminations, cross-stratification, flute casts, and load 

casts, which are also good stratigraphic polarity indicators. This formation contains much 

organic matter conserved in fossils of bivalves, roots, and leaves.  The layers are deformed as a 

result of tectonic forces resulting in abundant folds in faults at the outcrop scale.  The upper 

contact of the exposed Chota Formation is a fault that places it against the Brillosas Member of 

the Peñas Coloradas Formation. 

4.1.1. Detailed stratigraphic column of the Chota Formation on the 

Panamericana roadcut.  
 

Description  

Here we present a stratigraphic column of a representative outcrop of the Chota Formation 

created at a 1:100 scale along a large roadcut of the Panamericana road that includes a quarry 

(Fig.6). The equivalent section in the synthetic column is marked in Fig. 8.  The outcrop that 

belongs to this stratigraphic log is located next to the road (UTM 17N 830269E, 51728N, elev. = 

1580 m). This section has a length of ~22 m, composed of intercalation of claystone and fine to 

medium sandstone beds. The basal part comprises intensely deformed clay beds (Fig. 9F) and 

sandstones rich in fossils like bivalves, leaves (Fig. 9E), and roots. This is followed by centimetric 

beds of very fine to fine sandstones with cross-bedding (Fig. 9D) good sorting, and sub rounded 

clasts with a few intercalated beds of mudstone with cross- stratification and parallel lamination 

structures and some fossils (Fig.9C).  The layers are black, yellowish, and beige. Finally, in the 

upper part, the sequence comprises intercalation of sandstones and matrix supported 

conglomerates from coarse sand to gravel clast size, medium sorting, and subrounded to 

subangular clasts. There are also sedimentary structures such as cross-stratification (Fig. 9B) that 

are very marked due to the concentration of darker heavy minerals on some of the cross-beds, 

load casts, and flute casts (Fig. 9A) that are found on the base of the coarse sandstone layers. 
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The color of this part is dark gray and light gray and contains erosional and gradational contacts 

in the interbeds. The sandstones have abundant quartz, feldspar and micas, such as biotite, with 

some accessory minerals such as pyrolusite. 
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Figure 9.  Simplified stratigraphic column of the Chota Formation resulted of observations from various 

outcrops. It shows the intercalation of clay and sand layers. (A) sand layers, (B) load cast under of sand bed 

(C) cross-stratification on medium sand (D) fossilized leaves (E) sandstone bed (F) claystone bed. Note (pencil 

measure sis 13.5 cm). 
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Figure 10. Detailed stratigraphic column of the top part of Chota Formation (Fig.8). The base of this stratigraphic log comprises 

of intercalation of very fine sand and clays and the top part by intercalation of medium to gravel sandstone. The pictures show 

(A) Flute casts, (B) cross-stratification marked due to heavy minerals, (C) fossilized leaves on sandstone, (D) cross-stratification 

on fine sandstone, (E) fossilized leaves on claystone, and (F) deformed clay layer. Location: UTM 17N 830269E, 51728N, elev. = 

1580 m. Note (pencil measures is 13.5 cm). 
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4.2. CANALES COLORADOS MEMBER 
 

Description 

This member has ~128 m of thickness and is composed of different beds of breccias, 

conglomerates and sandstones. Figure 10 shows a synthetic stratigraphic log that summarizes 

observations from various outcrops. It is mostly composed of breccias and conglomerates. In 

the basal part, the succession overlies the metamorphic basement with a depositional contact 

and begins with a breccia of gray color, angular clast, massive, matrix supported, with clasts 

(some fractured in place) of metamorphic and volcanic rocks (pumice) and vein quartz (Fig. 

10B).  It has centimeter-thick quartz veins. The next bed is an intercalation of medium to very 

coarse sandstone of purple color. It's massive, poorly sorted, and contains a few metamorphic 

clasts, mica and quartz, and the contact between these layers is erosional. The next layer is a 

red conglomeratic bed matrix supported with few clastic dykes of very fine sandstones, massive, 

well sorted, subrounded clasts, with an erosional base.  The following bed has fining upward 

grain size, with a basal part made of conglomerate with subrounded clast, good sorting, and 

matrix support, that grades into a massive, well sorted coarse sandstone. Above this there is a 

transitional contact into a poorly sorted, massive breccia with angular clasts that transitions into 

gradationally into tabular conglomerates comprised of normally graded pebbles, poorly sorted, 

subangular clasts and interbedded of medium to fine sand, with good sorting, and subrounded 

clasts with cross-stratification. Then, there is a green clay bed that separates the conglomeratic 

and breccia succession from the overlying  the red channelized deposits. This bed comprises silt 

to clay clast size, and is well sorted with bioturbation, micas and pyrolusite minerals, and fossil 

roots and leaves. 

The next part of the section is the thickest and is formed by red channelized deposits that give 

the member its name and are the characteristic feature of this unit with a thickness of ~70 m. It 

comprises intercalations of conglomeratic and sandstone beds. These intercalations are defined 

by erosional contacts (Fig.10A).  The massive conglomeratic bed is composed of coarsening 

upward grain sizes, from pebbles to boulders, matrix supported, and subrounded clasts. On the 

other hand, the sandstone beds consist of fine to medium coarse grain size, well sorted, 

subrounded clasts with cross-stratification. Finally, the last bed of the succession comprises a 

gray breccia of pebble to cobble grain size, matrix supported, poorly sorted, massive, and very 

angular clasts shape. 
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Figure 11. Canales Colorados Member composes of breccias and conglomerates. (A) Huge red stacked channels ~70m with 

intercalations of sandstones and conglomerates with erosion contacts interbedded. (B) Angular breccias comprised of 

quartzites Note (pencil measures is 13.5).   
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4.2.1. Detailed stratigraphic column of the Canales Colorados Member 

exposed on the Panamericana roadcut  

 

Description  

The stratigraphic column was measured on a section that forms an anticline located at a large 

roadcut along the Panamericana road (UTM 17N 831805E, 51896N elev. =1585 m) next to the 

Ambuqui road (Fig.6). This stratigraphic log comprises intercalations of conglomerates, 

sandstones, and breccias beds (Fig.11). 

The base of the Canales Colorados is not exposed here. The measured section begins with an 

intercalation of dark and light gray matrix supported conglomerate and sandstone, , medium 

sorting, subrounded clast, cross-stratification, and fossilized leaves (Fig.11D), 6.8 cm maximum 

clast size, common minerals quartz, biotite, and feldspars. The clasts that compose this section 

are metamorphic (quartzites) and volcanic (pumice and some andesites). This is followed by 

coarse to very coarse red sandstone, with good sorting, subrounded clast, and cross-

stratification structures (Fig.11E). The next part of succession comprises medium sand and 

breccias, matrix support, poorly sorted, angular clast. The size clast varies from gravel to pebble 

(Fig.11A) and it has cross-stratification structures (Fig.11B).  

After this the section comprises angular breccias, poorly sorted, matrix support, 10.5 cm 

maximum clasts of metamorphic and volcanic rocks with cross-stratification (Fig. 11H-G).  The 

top part of succession consists of conglomerates, subrounded, clast support, massive, medium 

sorting, pebble to cobble clast size (Fig. 11E), with, some beds of medium to coarse sandstones. 

Within these beds, there is a transitional change of sandstones to micro-conglomerates. They 

have good sorting, subrounded clast, cross-stratification sedimentary structure (Fig. 11F). There 

is erosion contact between conglomerates/breccias and sandstones.  
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4.3. Figure 12. Detailed stratigraphic column of the base part of Canales Colorados Member (Fig.4). This stratigraphic log is composed of series 

of breccias, conglomerates, and sand. (A) breccia with volcanic and metamorphic clasts, (B) Cross stratification structure on a consolidated 

sandstone, (C) Cross stratification on fine red sandstone. (D) organic matter-leaves fossilized (E) subrounded conglomerate with clasts 

support (F) red microconglomerate (G) Gray breccia with angular clast and matrix support and (H) gray breccia, matrix support, subangular 

clast. Location: UTM 17N 831805E, 51896N elev. =1585 m.  Note (pencil measures is 13.5). 
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   4.3. BRILLOSAS MEMBER 
 

Description 

This member is the thickest of the Peñas Coloradas Formation, with ~146 m in thickness. Figure 

12 shows a synthetic stratigraphic log that summarizes observations from various outcrops.  

 The defining characteristic of this unit is the high content of micas, that give it a shiny 

appearance, and the presence of abundant pumice.  

This unit's base begins with very fine to fine ocher and pink sandstone, very well sorted, with 

rounded clast, and cross-stratification (Fig. 12E). Then there is a dark gray clay bed with fossils 

and parallel lamination (Fig. 12D). The next beds consist of very fine and fine pink and ocher 

unconsolidated sandstone. There are some interbeds of clays and fine sandstone that contain 

organic matter like leaves and parallel lamination structures (Fig. 12C)—followed yellowish fine 

sand layers, with pumice, good sorting, subrounded clasts, and cross-stratification structures 

(Fig. 12B). The last part of the section is defined by intercalations of fine to medium yellow 

sandstone and claystone with fossils of bivalves and leaves, and occasional layers of tuff (Fig. 

12A). 

4.3.1. Detailed stratigraphic column of the Brillosas Member taken along the 

base of the Meseta 

Description  

The stratigraphy log shows the top part of the Brillosas member taken along the secondary road 

that follows the base of the Meseta, (Fig. 12) located at UTM 17N 831723E, 51348N, elev. =1677 

m (Fig. 6). This stratigraphic log comprises intercalations of fine sand and clay with fossils and 

cross-stratification.  

The first part of the sequence is comprised of intercalations of dark gray clay and pink fine sand, 

well-sorted, with rounded clasts, abundant white micas (Fig. 13F), and fossil content as leaves 

and bivalves (Fig. 13E). Above this there is fine to medium yellowish, subrounded, medium 

sorted sandstones, and silt to clay material with parallel lamination, and fossilized leaves (Fig. 

13D). There is another bed with medium sandstones with high content of pumice and quartz, 

subangular clast, and poorly sorted (Fig. 13C). In the last part of the sequence, there are 

claystone, and fine sandstones that are well rounded and sorted with fossils, parallel lamination 

and ripples (Fig. 13A-B). The common mineral in this section is white micas, quartz, and gypsum 

veins.    
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Figure 13. Graphic log of the Brillosas Member comprising a series of fine to very fine sand and some clay beds with cross-

stratification, fossils, and high content of white micas and pumice.  (A) sandstone comprises white micas and stratification, (B) 

micro interbed of pumice and sand. (C) centimetric beds of deformed clays, (D) Parallel lamination in claystone, and (E) cross-

stratification on brownish fine sand. Note (pencil measures is 13.5). 

 

measures is 13.5). 
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Figure 14. Detailed stratigraphic column of the top part of Brillosas Member (Fig.6). This stratigraphic log comprises intercalation 

of clay, silt, and very fine to fine sand with high content of white micas and fossils. (A) ripples on sandstone, (B) Cross stratification 

in unconsolidated fine sand, (C) pumices and quartz grains, (D) Parallel lamination in the clay layer, (E) fossilized leaves on 

sandstone, (F) white mica sheet. Location: at UTM 17N 831723E, 51348N, elev. =1677 m.  Note (pencil measures is 13.5). 
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4.4. TABULARES MEMBER 

 

Description 

The Tabulares Member has a thickness of ~67 m. Figure 14 shows a synthetic stratigraphic log 

that summarizes observations from various outcrops.  

The base of the member is defined by a conglomerate bed of pebble to cobble grain size, good 

sorting, and subrounded clast followed by intercalation of very fine sand with good sorting, 

subrounded clast with cross-stratification sand and clay, with lamination and fossilized leaves 

(Fig.14D). The middle of the sequence is very characteristic because it has tabular sandstone 

layers that are 2-3 m thick, very consolidated (Fig.14C), dark brown, with good sorting, 

subangular clasts, and cross-stratification, intercalated with very fine unconsolidated sand with 

good sorting, subrounded clast, and some cross-stratification (Fig. 14B). The common minerals 

in this section are quartz, feldspars and micas. The last part of the section comprises breccia 

with angular clast, poorly sorted, massive, and matrix support. Finally, the top of the member is 

defined by a massive, fine sandstone with medium sorting and subangular clasts (Fig. 14A). 

4.4.1. Detailed stratigraphic column of the Tabulares Member along the 

secondary road in front of outcrops. 

 

Description  

The stratigraphic log shows the middle part of the Tabulares Member (Fig. 14) that was logged 

at the secondary road next to crops (Fig.6) (UTM 17N 830404E, 51182N, elev.=1623 m). This 

stratigraphic log has 20 m in thickness and comprises sand of different grain sizes. It begins with 

silty to very fine sand bed, good sorting, sub rounded clasts, with cross-stratification (Fig.15D).  

The middle part of the section comprises different beds of fine to medium sand, subrounded 

clasts, good sorting and some with cross stratification (Fig.15B-C). The common minerals present 

in this section are quartz, plagioclase, and white micas. In the upper part of the sequence 

comprises layers of coarse to medium sand, good sorting, subrounded clasts and cross-

stratification (Fig.15A). 
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Figure 15. Tabulares Member, the base of sequence is defined by conglomerate and intercalation of very fine sand and clay 

beds. The middle part comprises very fine to fine sand, and the top has breccia and fine sand. (A) breccia with angular clast, 

(B) fine sand-tabular, (C) intercalation of tabular consolidated sandstone and unconsolidated sandstone, (D) conglomeratic 

bed with rounded clast. Note (pencil measures is 13.5). 

 

 

Figure 16. Tabulares Member, the base of sequence is defined by conglomerate and intercalation of very fine sand and clay 

beds. The middle part comprises very fine to fine sand, and the top has breccia and fine sand. (A) breccia with angular clast, 

(B) fine sand-tabular, (C) intercalation of tabular consolidated sandstone and unconsolidated sandstone, (D) conglomeratic 
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Figure 16. Detailed stratigraphic column of the middle part of Tabulares Member (Fig.14). (A) medium sand bed (B) 

medium to coarse sand (C) cross-stratification structures on fine sand (D) silty to very fine sand bed and cross-

stratification. Location: UTM 17N 830404E, 51182N, elev. =1623 m. Note (pencil measures is 13.5). 
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4.5. VOLCANICAS MEMBER 
 

Description 

The Volcanicas Member has a thickness of ~72 m. Figure 16 shows a synthetic stratigraphic log 

that summarizes observations from various outcrops. The member's base is defined by a 

massive coarse sand, angular clasts, poorly sorted with high pumice content, (Fig. 16C). The next 

part comprises intercalation of medium to coarse sand, poorly sorted, very angular clast, 

massive and breccias of cobble to boulder grain size (Fig. 16B). The top part comprises coarse 

sand and breccia of granule clast size, angular clasts, poorly sorted, and massive (Fig. 16A). 

4.5.1. Detailed stratigraphic column of the Volcanicas Member along a 

secondary road to the southeast of the study area. 

 

Description  

Figure 17 shows the stratigraphic log shows the middle part of the Volcanicas Member exposed 

in the southeast part of the basin (UTM 17N 830180E, 50118N, elev.=1683 m). The section has 

a thickness of 20 m. The base of the sequence begins with a massive breccia of pebble clast size, 

matrix supported, poorly sorted, angular clast. In this bed there are metamorphic clasts 

embedded inside the volcanic matrix (Fig. 17E). the metamorphic clasts are gneisses with red 

garnets (Fig.17D), similar to the Sabanilla gneisses that outcrop near Pimampiro. The middle part 

comprises intercalation of massive coarse sand and breccias. The sandstones are composed of 

medium to coarse sand, massive, light gray color, medium sorted, and subangular clast shape 

(Fig.17B). The breccias are characterized by pebble to cobble clast, clast support, massive, poorly 

sorted, very angular clast, dark gray color, and consist of andesite rocks (Fig.17C). The upper 

section comprises breccias, matrix-supported, angular volcanic clasts with medium sorted, 

massive, pebble clast size and angular clasts (Fig. 17A).  
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Figure 17. Stratigraphic column of Volcanicas Member, the sequence is defined by breccias and intercalation of very coarse sand 

and breccias of granule to pebble clast size. (A) top of the stratigraphic column showing the breccias and very coarse sand, (B) 

breccia, matrix support, very angular clast, cobbles to boulders clast size and matrix support, (C) base of the stratigraphic column 

comprises of pumices. 
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Figure 18. Detailed stratigraphic column of the middle part of Volcanicas Member (Fig.16). (A) volcanic breccia (B) massive coarse 

sand (C) andesites rocks (D) gneiss with garnet, (E) metamorphic rock embedded in a volcanic matrix. Location: UTM 17N 830180E, 

50118N, elev.=1683 m. Note (pencil measures is 13.5).  
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4.6. XRD CLAY ANALYSIS 

 

 

Figure 19. X-ray diffraction pattern of sixteen clay samples from base to top; Basement, Chota Formation, 

Canales Colorados Mb., Brillosas Mbr. and Tabulares Mbr. 
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Figure 20. Schematic General Column with XRD comparison data; Illite, Chlorite, Montmorillonite, Palygorskite, 

Kaolinite, Vermiculite and Sepiolite clays. 
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XRD Analysis 

Sixteen samples of clays were collected to run X-ray diffraction analysis (XRD), of which two 

belong to the laterized metamorphic basement (Bs), four to the Chota Formation (Ch), and ten 

to the Peñas Coloradas Formation (two to Canales Colorados Member (CC), seven to Brillosas 

Member (Br), and one to Tabulares Member (Ta) (Fig.19). 

The XRD analyses show that the clay minerals mainly consist of illite, kaolinite, vermiculite, 

chlorite, palygorskite, montmorillonite (an expanding clay of the smectite group), and sepiolite. 

Furthermore, the data demonstrated that there is a variation in the proportions of clay 

assemblages, however, we did not carry out quantitative assessments of the clay composition 

in this work. In spite of this we are still able to determine the presence or not of a clay mineral 

in a sample. 

All the samples had large diffractogram peaks showing palygorskite and illite. Chlorite and 

vermiculite showed medium peaks when present. Chlorite was present within the units Ch, Br 

and Ta, and vermiculite was present in Bs, Ch, and CC. Kaolinite, montmorillonite, and sepiolite 

were minor components, showing weak peaks, with kaolinite found in the lower three units (Bs, 

Ch and CC), and montmorillonite and sepiolite found in the upper two (Br and Ta) (Fig.18). 

4.7. CLAST COUNT 
 

We collected data from 11 locations belonging to three stratigraphic units: the Canales 

Colorados, Tabulares Mb., and Volcanicas Mb. of the Peñas Coloradas Formation. The 

conglomerate and breccia clasts are classified into metamorphics (schists and quartzites), lavas 

(andesites), and pumices (Table 1). The conglomerates of Canales Colorados members are 

dominated by beds of poorly sorted, matrix-to-clast supported conglomerates with subangular, 

pebble to cobble clast sizes. The five locations sampled from the Canales Colorados Member 

show similar compositions with average values of: metamorphic rocks 58%, pumices 35% and 

lavas 18% (Fig.20).  

The Tabulares Member conglomerates are constituted by beds of poorly sorted, matrix support, 

subangular to surrounded. The stratigraphically lowest location shows a different pattern than 

the two stratigraphically higher sampling locations that are similar to each other. The location 

T1 represents a transition between the CC locations and T2-T3. The predominant clasts are the 

lavas with 64%, followed by pumices with 32%, and 4% metamorphic rocks (Fig.20). The final 

sampling site was the Volcanicas Member, composed of massive beds of angular breccias, matrix 



41 

 

support, and poorly sorted.  In this member, the majority is composed of lavas and pumices. The 

base of the member is formed by a 1.5 m bed that is 100% pumice, while samples V2 and V3 

have similar compositions consisting of lavas with 61%, followed by pumices and metamorphic 

rocks in about equal proportions (Fig.20). 

To summarize, the Canales Colorados Member is dominated by metamorphic clasts, and the 

Tabulares and Volcanicas members show similar clast compositions, dominated by volcanic 

rocks (lavas and pumices). 

 

 

 

 

 

 

Members 

% Rocks 

Lavas Pumices Metamorphic 

V3 61 21 18 

V2 58 23 19 

V1 0 100 0 

T3 53 32 15 

T2 54 30 16 

T1 46 22 32 

CC5 15 35 50 

CC4 17 25 58 

CC3 18 28 54 

CC2 13 31 56 

CC1 11 35 54 

Table 1. Counting clast data. Three members 

Canales Colorados (CC), Tabulares (T) and 

Volcanicas (V). Eleven conglomerates count, five in 

CC Mbr, three in T Mbr and three in V Mbr. 

 

 

Table 1. Counting clast data. Three members 

Canales Colorados (CC), Tabulares (T) and 

Volcanicas (V). Eleven conglomerates count, five in 

CC Mbr, three in T Mbr and three in V Mbr. 

 

 

Figure 21. Relative abundance of clasts of Pumice, Metamorphic rocks and 

Lavas from the Peñas Coloradas Formation. 
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5. DISCUSSION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 22. simplified results that relate sedimentary environments, climate and provenance. 
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We infer the depositional environments of the Chota and Peñas Coloradas Formations according 

to the descriptions and observations done in the field. In the case of the Chota Formation, the 

base is not exposed, however, the first beds we could see are shale with intercalation of very 

fine sand. The shale beds comprise high organic content preserved in fossils of bivalves and plant 

remains. According to Reineck and Singh (2012), bivalves live in shallow freshwater lakes, 

characterized by fine-grained deposits, low energy, oxygenated, and contain cross-lamination 

structures. Furthermore, bivalves need deposit-feeding with a high density of nutrients and algal 

that limit their survival and distribution (Vaughn & Hakenkamp,2001) therefore, we can suggest 

that the lowest exposed part of the Chota Fm belongs to a lacustrine environment (lakes) that 

preserved the fossil record. The very fine sand beds are massive and also contain fossils. These 

beds can be deposited as a result of a delta where the river channels reach the lakes.  The delta 

can form suspended sediment plumes directed towards the central part of the lake (Reineck & 

Singh,2012). The next part of the sequence is the intercalation of medium sand and clay beds 

with cross-stratification and lamination. Reineck and Singh (2012) suggest sediments with these 

characteristics can form on the marginal part of an alluvial fan as a result of sub-channel flow 

(channels flowing under lacustrine environment). The last part of formation comprises 

amalgamated channels from medium to coarse sand with sedimentary structures like cross-

bedding, flute cast, and load cast. The amalgamated channels are characterized by sand 

sediments in the upper parts of channel bars, while the floodplain sediment part is not preserved 

(Ramon & Cross, 1997). These features are common in Braided rivers that tend to be coarse-

grained and contain abundant amalgamated channels, low sinuosity, steep slopes, abundant 

sediment supply, high and variable discharge (Miall,1977). Furthermore, we can find flute cast 

and load cast sedimentary structures formed where sandy and muddy laminae are differentially 

(Reineck & Singh,2012).  These sands are composed of abundant content of feldspars (potassic 

and sodic), quartz, amphiboles, and a few micas. According to Lindsey (1999), the sedimentary 

rocks defined by this mineral composition are arkoses, which suggests that the sediments were 

not transported far from their source. Furthermore, this type of rocks is deposited by alluvial 

fans and braided to meandering streams and accumulate around basin margins. The source of 

these sediments is associated with granites by their mineral composition and results from ultra-

rapid erosion on steep slopes in a humid tropical climate (Dapples, 1947). The Cordillera Real, 

located east of our study zone contains many igneous intrusions that could be the source of 

these sediments. Moreover, our clay analysis supports a humid climate by the presence of 

kaolinite, as does  the presence of a deep laterization surface in the basement metamorphic 

rocks. Hence, we can infer that we had a humid environment that may have contributed to the 
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weathering and erosion of the sediments deposited in the Chota Fm, as well as to the formation 

of the Chota lake.  

The base of the Peñas Coloradas Formation starts with the Canales Colorados Member. It 

comprises breccias of very angular clasts, pebble to cobble size, poorly sorted. This bed could 

result from rock avalanches in which masses of fragments move in a flow-like way due to 

precipitation, gravity, or landslides triggered by tectonic movements that eroded and mobilized 

rocks toward the base of the topography (Takahashi,1981). The next part of the sequence 

comprises intercalations of coarse-grained sand and breccias beds of different grain sizes. The 

sandstones have levees characteristics without sedimentary structures. With these features and 

observations, we can suggest that these deposits belong to an alluvial fan since, according to 

Reineck and Singh (2012), sediments of alluvial fans are laid down in beds parallel to the surface 

of the fan, and boulder and pebble beds alternate with sandy, silty, and muddy beds. Followed 

by a sequence of conglomerates and fine grains size, and sheet flow deposits. The sheet flows 

are turbulent flows with significantly more water and less mud than debris flows. Since the flows 

are turbulent, there is significant grain sorting and normally graded. Once a flow reaches the 

canyon's mouth, the flow spreads out, and the coarsest rocks are deposited first, and finer grains 

are deposited later. The deposition is very rapid, and the grading is commonly poor (Bull,1977). 

According to these characteristics and deposits, we can propose that these deposits are typical 

of alluvial fans. 

In the upper part of the sequence, we have large red channels with intercalation of 

conglomerates and sands with eroded bases and cross-stratification followed by a gray breccia 

bed. These channels are characteristic of braided fluvial systems.  Braided channels develop on 

steeper slopes causing larger sediment transport depending on flow stages, bank erosion, and 

discharge variability is huge. Braided rivers transport relatively coarse sediment as bedload and 

have unstable banks (Reineck & Singh, 2012). Furthermore, these rivers are characterized by 

wide channels and rapid and continuous shifting of the sediment. The channel bars are 

composed of coarser-grained deposits and fine-grained sediment on the top, which the flow 

could not carry (Reineck & Singh, 2012; Bridge & Lunt, 2009). On the other hand, the red color 

indicates deposition in an oxidizing environment of iron (Fe3+), suggesting humid tropical 

conditions (Reineck & Singh, 2012). According to our clast count along this sequence, we could 

determine that the main source of clasts was the surrounding metamorphic basement. 

Furthermore, we have conglomerates of boulders size that suggest that the source of the 
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sediments was near, or that the river's energy in that time was high, possibly due to periods of 

precipitations that agree with our XRD analysis showing a humid climate. 

The next member is Brillosas and is composed in the base by intercalating clays with organic 

matter (fossils) and fine sand with cross-stratification. In this case, we can suggest a fluvial-

lacustrine environment because these depositional systems are extremely variable due to 

climate-controlled fluctuating water levels. Through factors such as the 

precipitation/evaporation ratio, this is a direct link between lake level and sediment supply 

(Scoot, Buatois, and Mangano,2012). On the other hand, the fine sand beds with sedimentary 

structures can suggest us a floodplain that essentially comprises of fine-grained sediment 

deposits or floodways that can sometimes be seasonal, meaning the channel is dry for part of 

the year (Reineck & Singh, 2012; Martinez., et al.,2008). Thus, we suggest a shallow lake 

controlled by climatic conditions intercalated with sediments of the flood plain of a fluvial 

system.  

In the next part of the sequence, we find a change in the size grain with high pumice content 

and thin beds of clays. This injection of volcanic material could show us a period of volcanism 

provoking volcanic epiclastic deposits. Epiclastic deposits are reworked primary volcanic 

sediments include lahars and hyaloclastites. In continental settings, volcanic ash is carried into 

river systems and lakes by surface runoff, spread by the wind, and incorporated into soils. On 

the other hand, the diagenesis of volcaniclastic sediments can cause replace volcanic glass in 

clay minerals mainly into smectites, particularly montmorillonite and saponite (Tucker, 2001). 

Thus, in this sequence, we propose a period of rivers intercalated with ephemeral shallow lakes. 

According to our clay analysis, and based on the disappearance of kaolinite, we suggest a 

transition from a humid to arid climate that may have been stepwise causing the disappearance 

and reappearance of lacustrine deposits. 

Tabulares Member starts with a conglomerate bed followed by thin layers of clay intercalated 

with the fine sand. The clay layers contain fossilized leaves and lamination, and the sands are 

massive. These layers could represent the last gasp of ephemeral lake formation, intercalated 

with fluvial systems that transition to alluvial fans. The middle part of Tabulares Mbr comprises 

intercalation of consolidated fine sand and unconsolidated fine sand. According to our clast 

count, the sequence contains igneous rocks like lavas and pumice. The pumices are found 

throughout the member in different grain sizes. The presence of porous pumices in some beds 

could be responsible for cementation and high compaction due to the diagenesis 

(Houseknecht,1987).  This section has some beds with cross-stratification that suggest the 
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variation of two environments, the alluvial fan and fluvial systems. In the upper part of the 

sequence, we have massive fine sand and breccias composed of volcanic clasts that show the 

transition to the Volcanicas Member possibly associated to debris flow. Since the entire 

sequence is composed of fine sediments, we can infer that there was either no discharge of large 

sediments during this period of deposition, or that we are in a more distal position of the source. 

Our XRD analysis shows a change of ephemeral lacustrine environment in the base. The rest 

suggests an arid climate because the Kaolinite disappears and appears in the Sepiolite and 

Montmorillonite clays. 

The last Member of the Peñas Coloradas Formation is the Volcanicas Member. The base 

comprises of pyroclastic deposits and coarse sand followed by intercalation of breccias and 

medium to very coarse sand beds. All beds are massive, poorly sorted, and an angular grain 

shape. According to our clast count study, the major part comprises volcanic rocks and some 

metamorphic gneiss with garnet. These deposits have resulted from debris flow caused by 

erosion, gravity, or the landslide of surrounding areas. The volcanic rocks are andesites and 

pumices product of a surrounding volcanic system. According to Egüez & Beate (1992), the clast 

could come from the Angochangua volcanic that comprises andesitic lavas, tuffs, and volcano 

sediments. On the other hand, the gneisses could be the product of the erosion of the Sabanilla 

gneiss located in the Cordillera Real, near Pimampiro, ~16 km east of the outcrops.  

To sum up, we have a series of intercalation of environments in Chota and Peñas Coloradas 

Formations that start with lacustrine environments that developed a thick succession of fine-

grained sediments followed by an alluvial fan and fluvial system for Chota Formation and 

Canales Colorados Member. In this case, the fluvial system can be interpreted as a braided river 

that transported high sediments from very fine to boulders sediments. Besides, this shows us a 

period of high-water flow related to a humid climate. 

Seasonal arid climates characterize the next part of the Peñas Coloradas Formation. The Brillosas 

and Tabulares Members show deposits of fine sand sediments with thin clay beds that we can 

interpret as ephemeral environments with low energy that consisted of lacustrine, alluvial and 

fluvial systems. This change in depositional environments is consistent with our clay analysis 

that shows the kaolinite disappears and appears of sepiolite and montmorillonite.  

This climate transition from humid to arid climate could be the result of the uplifting of Cordillera 

Real. According to Spikings and Crowhursts (2004), their (U–Th)/He thermo- chronological study 

shows cooling and exhumation in the Cordillera Real during the Late Miocene to Pliocene 

corroborates the timing of the beginning of basins that reside in the Interandean from north to 
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south.  This information could suggest that the uplift of the Cordillera Real cutting off humid 

airflow from the Amazon causing increase aridity in our study area. On the other hand, we could 

relate this change with a global change during the Pliocene where the levels of temperature 

increased due to four possible drivers: palaeographic change, for instance, the altered of major 

mountain chains such as the western cordillera of North and South America; altered 

atmospheric trace gas concentrations and water vapor content; changes to ocean circulation 

and finally the feedbacks generated through altered land cover (including ice sheet extent), 

surface albedo, cloud cover and temperature (Haywood et al.,2009) 

Finally, we could suggest that the provenance is the division into three different sources. First 

metamorphic rocks that belong to the surrounding Ambuquí Formation basement (Winkler et 

al.,2005; Barragan et al. 1996; Egüez & Beate,1992). The second provenance could come from 

volcanic pulses, possibly of Angochagua Volcanic source or another surrounding volcano active 

in that period (Egüez & Beate,1992). Finally, we suggest that the provenance of gneisses could 

be the Sabanilla gneisses located 15-20 km to the east of our study area in the Eastern Cordillera 

near Pimampiro.  
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6. CONCLUSION 

The Chota basin is the most important Neogene intermontane basin of northern Ecuador. 

Our study focused on the eastern half of the basin.  The stratigraphy of the basin can be 

divided into a metamorphic basement, overlain by the Chota Formation and then the Peñas 

Coloradas Formation. In this study, and for the first time, a division of the Peñas Coloradas 

Formation is proposed. Peñas Coloradas has a total thickness of 461 m divided into four 

members from base to top: Canales Colorados, Brillosas, Tabulares, and Volcanicas 

members.  

The Chota formation has a thickness of ~48 m in our study area. It comprises interbedded 

clay and sandstones with parallel lamination and cross-bedding and much organic matter 

conserved in fossils like bivalves, leaves, and roots. The Canales Colorados Mbr has ~128 m 

of thickness and is composed of different beds of conglomerates, sandstone, and large red 

channels with intercalations of conglomerates and sandstone with erosional contacts and 

cross-bedding. The Brillosas Mbr is the thickest of the Peñas Coloradas Formation, with ~146 

m in thickness. This Mbr comprises clay beds with intercalation of fine sand and medium 

sand beds with some fossils, parallel lamination, and cross-bedding. The Tabulares Member 

has a thickness of ~67m and comprises intercalations of very consolidated tabular sandstone 

with cross-bedding and unconsolidated sandstones. The last Mbr is Volcanicas and has a 

thickness of ~72 m. It is characterized by massive breccias with high content of volcanic 

lithics. 

 The depositional environments of Chota and Peñas Coloradas Formations vary from base 

to top as follows: the Chota Fm begins with a lacustrine, followed by the alluvial fan and 

fluvial environments. Canales Colorados Mbr starts with debris flow, followed by the alluvial 

fan and fluvial environments. Brillosas Mbr comprises fluvial-lacustrine environments in the 

base and fluvial intercalated with ephemeral lacustrine environments in the rest of the 

sequence. Tabulares Mbr comprises the last gasp of ephemeral lake environments 

intercalated with fluvial transitioned to alluvial fans environments and debris flow. Finally, 

for the Volcanicas Mbr, we suggest a debris flow product of the surrounding areas. 

Analysis of clay analysis suggests a transition in the paleoclimate from humid to the arid 

climate.  Our clay analysis in the Chota Formation and Canales Colorados Mbr propose a 

humid climate. The presence of kaolinite clay could relate to a high flow in the rivers since 
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we find cobbles to boulders clasts and lacustrine deposits with high organic material. The 

next part of the Peñas Coloradas Formation comprised of Brillosas and Tabulares Mbrs 

shows an arid climate determined by montmorillonite and sepiolite clays possibly due to 

exhumation of Cordillera Real or a global climate change. Furthermore, we can associate 

this climate with fine sediment deposits resulted from the intercalation of ephemeral lakes 

with fluvial systems.  

Provenance analysis from conglomerate clast counts suggests that the sources of the basin 

fill are surrounding or near the basin, such as the Ambuquí formation, Angochangua 

volcanic, or the Sabanilla gneisses. Finally, after this study, we suggest doing chronology 

work in this zone since the Pliocene´s paleoclimate is little known in tropical regions. 

Besides, this zone could be useful to determine in detail the paleoclimate and ages. 

Furthermore, those expected ages could relate to tectonic events or global climate changes. 
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