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ABSTRACT 

The climate changes have been present along the geological time, registered in palynomorphs, 

stratigraphy, and radioactive isotopes. Here we review the signatures of those changes in the 

Northwestern Colombian Andes, specifically from the Belmira and Frontino pàramo, and the San 

Nicolas fluvial terrace, comparing them with global scale events. The aim of this study consists in the 

review of data as a proxy for paleoclimatic reconstructions and potential relationships with timing control 

of climate-triggered hillslope deposits.  These data like temperature, precipitation, organic material (OM) 

and the torrential events, which allow us to propose a regional climate framework for the 10Be calculated 

ages in some debris flow deposits close the Farallones del Citará, in western Cordillera of Colombia. 

Comparing local and regional records of paleoclimatic events after the Pleistocene- Holocene transition 

show a directed relationship between warm and humid periods with the increasing of the Andean forest 

and torrential events dated at 8k 10Be, 6,77K 10Be and 6,22K 10Be. 

 

Keywords: Palynomorphs, Paleoclimate records, Terrestrial Cosmogenic Nuclides, Hillsope deposits, 
Farallones del Citará. 
 

 



 

1. INTRODUCTION 

Along the last few million years the climate of the planet has changed into cold and warm, 

also called glacial and interglacial ages, inside the glaciations have shown colder average 

temperature (on the order of 3 degrees below actual mean temperature) (Burrows, 1979; 

Clapperton 1981). This phenomenon happens as a consequence of changes on the Earth’s 

orbital parameters, with a roughly duration from 400.000 years to 22.000 years BP (Feng 

and Bailer-Jones, 2015; Delcourt and Hazel, 1993; Hays et al., 1976). 

There are different shorter cyclic oscillations as millennia, centuries, decades or even years, 

which are registered along with the whole paleoclimatic history. These records have been 

studied through different environments such as lacustrine sediment, marine or ice cores, 

growth rings on trees, among others (Hooghiemstra, 1984; Kuhry, 1988; Melief, 1985; 

Monsalve, 2004; Muñoz et al., 2009; Van der Hammen, 1973). 

Until now, the most used indicators and techniques are: palynomorphs studies, stratigraphy, 

geochemistry and radioactive isotopes, in combination with dating techniques. During the 

last few years, the study of the paleoclimatic history, has became an important target of 

significant research around the world, because it becomes a key to the oncoming climate 

behavior, its conditions, and some events as glaciations, deglaciations, floods, droughts, and 

debris flow (Nishiizumi et al., 1989); being these the reasons of infrastructure and economic 

losses (including human lives) (references! For example…Stromberg, 2007; Petley, 2012, 

Lima, et al., 1991; Alcántara-Ayala, 2002; WorldBank, 2011). Here we use the ages given 

by the terrestrial cosmogenic nuclide (TCN) for the first time in debris flows deposits in the 



 

Farallones watershed, to use them a proxy for the paleoclimatic history together with the 

available database along the Western Cordillera and the Cauca River in the vicinity of the 

Antioquia department (FIGURE 1). 

  



 

 

FIGURE 1. Location map with its respective dating technique in the study area (Farallones de 

Citara) en Cordillera Central y occidental. 

2. CONCEPTUAL FRAMEWORK 

As a starting point, we need to be clear about the differences between weather and climate, 

because they can be confused by their similarity and mutual relationship; both of these have 

specific characteristics, and the phenomena caused because of their change as debris flow 

and landslides (Figure 2). Below we explain the main differences. 



 

 

FIGURE 2. Study flowchart for climatic variations: (a) Temporality and recurrence of climate 

changes and their origin (b) Factors that condition the Colombia’s climate (c) Researching tools for 

the study of paleoclimate. 

  



 

2.1. Climate 

The climate is the combination of the current meteorological components, temperature, 

humidity, wind direction and speed, amount and type of precipitation, evapotranspiration, 

sunshine hours, condensation, cloud cover, etc, at a global or regional scale. The climate 

describes the long term (i.e. >30 years) and average weather conditions for a specific region 

(Poveda, 2006). Examples: maritime climate, cold-dry desert climate, tropical climate. 

Global climate classification maps highlight the high variety of climates (FIGURE 2a). The 

climate is composed of different components and factors and these are dynamic and change 

permanently. 

For the SW Antioquian region, the climate is characterized for the elevation of the Andes. The 

cold climate is present between 2,000 and 3,000 meters (6,562 and 9,843 ft) above sea level and 

is characterized for having Andean mountainous forest. This altitudinal zone is characterized 

for presenting an average temperature ranging between 10 and 17 °C while rainfall reaches a 

yearly average of 2,000 mm. The Paramo condition (i.e. special humid forest) are present 

between 3,000 and 4,000 meters (9,843 and 13,123 ft) above sea level and the temperature is 

lower than 10°C with icy winds, rare rainfall but frequent snowfall (Poveda, 2006). 

2.2. Weather 

The weather is defining a short time period up to several days and its conditions are defined 

during a defined period from one up to several weeks. Weather condition is describing 

typical weather phenomena, such as a series of thunderstorm in hot summer, foggy month 

in autumn or other weather conditions, which are typical for a specific region and/or season 

(Escobar et al., 1992; FIGURA 2a). 



 

 

For the SW Antioquian region depends on the location of the ZTCI, since this is responsible 

for two main rainy periods at year, although it is very frequent the foggy months and 

orographic rainfalls by the humidity brought by the CJ (IDEAM – UNAL, 2018). 

2.3. Bond cycle 

 
They are climate fluctuations that have occurred periodically every ≈1,470 ± 500 years 

during the Holocene. Eight of these periods have been identified, based mainly on 

fluctuations in the rocky debris transported by icebergs. The cycles of Bond can be the 

integrating equivalents of the Dansgaard-Oeschger cycles of the last ice age (Wanner et al 

2011). The causes and determining factors of the cycle are under study, the main possible 

origins being variations in tidal cycles, solar cycles or reorganizations of the atmospheric 

circulation (Wanner et al 2011).  

 

The existence of these cycles is well supported by the results of the study of the ice cores of 

the last glacial period. For the current period, the evidence is somewhat weaker. Bond (1997) 

maintains a periodicity close to 1470 ± 500 in the North Atlantic region, which results in a 

variation of the climate. In his opinion, many if not most of the Dansgaard-Oeschger cycles 

of the last ice age follow a pattern of 1500 years, as do the closest events in time, such as 

the small ice age. 



 

 

2.4. Debris flow 

Debris flow as many others flows or mass movements involving water and sediments 

occurring on steep slopes in mountainous areas. These hillslope deposits (such as flood, 

solid transport, hyperconcentrated flows, mudflows, debris flows, Mars, granular flows, 

landslides, debris avalanches, etc.), may be hard to distinguish and need a detailed 

sedimentological and stratigraphical observations from the field (Coussot, 1996). Johnson 

and Rodine (1984) have described the most representative characteristics of debris flows as: 

“A wall of boulders, rocks of all sizes, and oozing mud suddenly appear around the bend in 

a canyon preceded by a thunderous roar. As the boulder-choked wall passes, the channel 

remains filled with a debris-laden torrent of mud and boulders clanking and grinding 

together. The debris flows across an alluvial fan, engulfing structures and cars in its path, 

covering roads, fields and pastures with a blanket of muck, and slowly coming to a stop as 

the debris spreads in a lobate form with steep terminal snout and margins.” This kind of 



 

phenomenon obviously occurs in mountainous regions where the slopes are quite strong and 

have big amounts of precipitation in a small area, on different scales throughout the world 

(Coussot, 1996). 

 

The debris flow, in general terms are phenomena which involve streams of water, mud, 

fragments of rock and debris in different proportions and sizes (Bloom, 1991) grouping a 

large number of flows, such as flows of mud and/or debris, avalanches, lahars, 

hyperconcentrated and super-concentrated flows, among others (Costa, 1988; Coussot and 

Meunier, 1996; Díaz-Onofre, 2008; Lavigne and Suba, 2004; Medina, 1991); characterized by 

its short duration, its unpredictable nature, in addition to its long periods of recurrence and 

an erratic spatial and temporal distribution (Durán et al., 1985; Parra, 1998; Piedrahita, 1996). 

Usually associated with watersheds that, due to their morphometric parameters (i.e. area-

slope relationship), can be affected homogeneously by the same rain in the same period of 

time; Riedl and Zachar (1984) propose an area between 0.3 and 150 km2 and González and 

Hermelin (2004) up to 300 km2
 for some wathersheds in the center of the country. 

For the SW Antioquian region in the period between 1895 and 2014, there have been around 

177 reported torrential events, in which, according to DAPARD records, 217 people lost their 

lives and millions of economic losses were generated. For the watersheds associated with the 

Farallones del Citará area, in the southwestern of the department, there have been numerous 

recent events of significant magnitude, the most recent of which occurred in the La Liboriana 

stream in the municipality of Salgar, on May 18 2018 Likewise, there are the debris flow of the 

Tapartó River in the municipality of Andes, in which two recent events of great magnitude have 



 

been presented, the first one on April 26, 1993, causing more than 120 deaths, around 320 

victims and more than 1000 million pesos in losses (Piedrahita, 1996). 

 

2.5. Timing of climate changes 

According to Noller et al. (2000) the dating techniques for quaternary phenomena can be divided 

into four categories: numerical ages, calibrated ages, relative ages and correlated ages. The 

terrestrial cosmogenic nuclides (TCN), is a numerical age derivate from the accumulation 

of cosmic rays on the surface of rocks with production rates controlled by altitude, latitude, 

topographic shield, and burial depth (Gosse and Phillips, 2000; Kurz, 1986; Lal, 1991; 

Nishiizumi et al., 1986; Phillips et al., 1986). The concentration of the cosmogenic isotopes 

on the surface, whether from a rocky mass or from a deposit with the presence of blocks, is 

a morphological marker of the time that these have been directly exposed on the surface to 

the constant bombardment of cosmic rays (Lal et al., 1991).  

 

Cosmic Ray Exposure (CRE) is a geochronological dating method that is based on the 

accumulation of Terrestrial Cosmogenic Nuclides (TCNs, such as 36Cl, 10Be, or 26Al) in 

superficial rocks and/or landsforms (Bierman and Caffee, 2001). TCNs are produced within 

mineral lattice through nuclear reactions between the nucleus of the elements that form the 

minerals and the incident secondary cosmic ray particles derived from the high-energy 

galactic cosmic radiation (Gosse and Phillips, 2001); because the production rate of these in 

situ TCNs decreases exponentially with depth (Lal, 1991), their concentrations are directly 

related to the near-surface exposure history of the analyzed samples and allow determining 



 

the exposure ages of the sampled surfaces (Schwartz, 2016). With the analysis of 10Be and 

26Al cosmogenic isotopes Agliardi et al., (2009), McCalpin et al., (2011), and McCalpin and 

Irvine, (1995), could get a better resolution of the deposits chronology; with all of this and 

others elements as geomorphology, sedimentology, seismic and meteorology, using them as 

a proxy, could get an average of the behavior of the climatic history (FIGURE 2c). 

 

 

 

3. The study site: SW Antioquian region 

3.1. Geodynamic setting 

The configuration of Colombian Andes is composed for three different mountains belts 

(FIGURE 3): Western, Central and Eastern Cordilleras, where different kinds of rock as 

sedimentary, igneous and metamorphic. . (Kennan and Pindell, 2009; Restrepo-Moreno et al., 

2009; Restrepo and Toussaint, 1988; Taboada et al., 2000). These belts were affected by 



 

collision events and rearrangement between lithosphere fragments of different scales (Duque-

Caro, 1990; Restrepo-Moreno et al., 2009).  The romeral fault separates the Western and Central 

Cordillera and has been interpreted as a suture zone (Gómez-Tapias et al., 2015). 

 

The Western Cordillera consists mainly of Cretaceous tholeitic basalt and deeep- water 

sediment facies resting on oceanic crust (Barrero, 1979). (Toussaint, 1978) Reported 

Ophiolitic rocks in the Baudó range in the Western Cordillera. The basement of the central 

cordillera consist of metapelitic and metavolcanic units permo-triassic (Cochrane et al., 

2014a), with volcano-sedimentary cover ranging in age from jurassic to cretaceous 

(Spikings et al., 2015) and sediments Paleozoic to Tertiary age (Aspden et al., 1987). The 

Eastern Cordillera is composed by a metamorphic rocks and precambrian igneous rocks 

basement (Restrepo y Pace et al., 1997), with extensional basins covered for continental 

jurassic sediments and oceanic cretaceous sediments (Álvarez et al., 1979; Toussaint y 

Restrepo et al., 1996; Villagómez et al., 2011).(5) 

 

This orogeny carries a remarkable weight in the climatic conditions of the country. The 

interaction of the trade winds circulation in big scale with the orogenic system makes huge 

climatic regions in the territory (IDEAM-UNAL, 2018). Because of this is possible to find 

rainiest zones in the eastern zone of the Eastern Cordillera and in the western zone of the 

western cordillera, this rain is a consequence of the humidity streams carried by the Chocó-

Jet (CJ), which it is an important atmospheric feature of Colombian and northern South 

America hydro-climatology (Poveda, 2006). The CJ consists of a westerly low-level 



 

circulation over the eastern tropical Pacific that enters into the continent nearly at 5°N, 

carrying moisture from the Pacific Ocean to western and central Colombia (Arias et al., 

2015; Corredor, 2011; Poveda and Mesa 2000). 

Otherwise, the precipitation in the interandeans valleys are less. This complex orogeny has 

uncountable valleys and mountains of different elevation above the sea level, which induces 

different kind of meso and microclimate. This also causes that the Colombian climate has 

so many altitudinal climatic zones from the Warm humid equatorial floor to the typical 

mountain glaciers mountain height (IDEAM-UNAL, 2018). It is important to consider that 

is not possible to study every microclimate as a separate and independent one from the other, 

because all of these have a direct interconnection through all the watersheds that mold the 

landscape (Velazquez and Hooghiemstra, 2013). Currently the study zone of this works, 

Farallones del Citará is characterized for its elevation above 3000 msnm and an average 

annual precipitation that is in the range of 2300 to 2368 mm/year and therefore this 

wasteland can be classified as wet (COROANTIOQUIA, 2014).  Its geology is composed 

by rocky outcrops of monzodiorites and their residual soils of which are reached form very 

thin thicknesses by accumulation of weathered materials over time until the next episode of 

rains arrives and removes them, because of its strong slopes and heavy rains 

(COROANTIOQUIA, 2014).  

 

3.2. Geomorphological features 

In the Colombia’s territory the system of the Andes becomes into three different mountains 

belts (Ramos, 2009). This orography influences in a remarkable way in the climatic 



 

conditions of the country. The interaction of circulation systems large-scale trade winds and 

large systems orographies organize large regions climatic on the territory. Thus, it is possible 

find that the rainiest areas are on the eastern slope of the mountain range east and on the 

western slope of the western cordillera, while in the inter-Andean valleys the precipitations 

are minors. The complex orography also It comprises innumerable amount of valleys and 

mountains that induce a diversity of meso and microclimates (IDEAM – UNAL, 2018). 

The orography also induces that diverse places and regions are at different heights above 

sea level. This generates, in turn, that the climate of Colombia has different altitudinal 

climatic zones that range from the humid warm equatorial floor until the snow-capped 

mountain glaciers (FIGURA 3). 

 



 

 

FIGURE 3. . Longitudinal and transverse topographic profiles across the Northern Andes. 

Longitudinal profiles of cordilleran massif display topography, maximum/minimum elevations, 

degree of fluvial incision (main rivers labeled in red arrows). Note that the WC exhibits the highest 

incision, followed by the EC and CC. The latter shows a bimodal character, with high incision in 

the central part and low incision (i.e., AP) in the northern portion. WC Western Cordillera, CC 

Central Cordillera, EC Eastern Cordillera. 

 

In the eastern flank of the western cordillera, the humidity brought by the CJ, made of this 

zone, an area with heavy raining seasons that caused that all vestiges of the last glaciations 

have eroded and only a hanging valley located in the southern sector of the páramo (i.e. 

elevations above 3200 masl), which currently forms the lagoon of Santa Rita, about 110 m 

in diameter, apparently resulting from glacial abrasion of the rocks (COROANTIOQUIA, 

2014). 



 

 

IDEAM, (2010), indicate that the study zone is localized in high – middle mountain, which 

is characterized because it brings together the altitudinal culminations of the Andes 

mountain system, or areas of higher orogenic and therefore higher available energy and 

potential instability that is manifested in the transfer of materials to the low areas by hillslope 

processes (Figure 4). This macro-unit includes morphogenetic systems that were, or still are, 

affected by direct and indirect glacial and glaciar actions; It also includes the lower contact 

of the glacial models affected by instability linked to abrupt change of slope. 

Bioclimatically, this mountain classification corresponds to the bioclimatic flats of glacial, 

páramo and high Andean (IDEAM, 2010). 

 

 

FIGURE 4. Position of the Farallones watershed in relation to the morphogenic systems of 

Colombia, Belmira (1) and Frontino (2) moor classified as high mountain sytem. 



 

  



 

4. Methodology 

The development of this work consists in the researching of existing data, that can be used 

as proxies that help the paleoclimatic reconstruction in the Northwestern Colombian Andes. 

 for this, strategic places were chosen as a regional study zone, Belmira páramo, Santa Fe 

de Antioquia, Frontino Páramo, Tatamá Farallones, which are located in the Central 

Cordillera, Canyon of the Cauca River, and Western Cordillera respectively, these data were 

published by different authors such as (Castro, 2011; Velasquez-Montoya, 2013; Velasquez, 

1999) and for a local study zone Farallones del Citará. 

In order to reach that, this work starts with the researching of different works as 

paleoecology and paleoclimatic reconstructions, which provides different paleoclimate 

information, particularly in the Western and Central Cordillera of Colombia, more 

specifically, in Belmira and Frontino moor and Santa fe de Antioquia (see Figure 1). After 

this, we do a data collection, where the counting of palynomorfs, florist inventory, and 

stratigraphy are the main target because these can be used as paleoclimate reconstructions 

proxies, for the easy development and creation of a data inventory (Author, data type and 

chronology technique) these were processed and saved in an Arcgis shapefile. These types 

of data are indicator of sedimentary environments, which helps the description of different 

processes that occurred in a certain place, and the dating technique locates them in the 

geological time helping to limit and be this investigation even more precise and future ones. 

After this, the collected date are saved in an attribute table, proceeding to the creation of a 



 

database that allows and helps the understanding of the paleoclimate in the Northwestern 

Colombian Andes (FIGURE 5). 

 

FIGURE 5. Methodology applied the collection of results data for paleoclimatic reconstructions 

 

Acoording to the methods explaned before, Terrestrial cosmogenic nuclides, the isotope 

choosen for the dating technique depends of the minerals target, and n this work, the dominant 

endogenous lithology of the bedrock (i.e. granitic rocks with high bulk quartz content) favored 

the use of the in-situ produced 10Be cosmogenic nuclide within quartz and these exposure ages 

were calculated on Fri Jun 01 2018, using the online CREp calculator (Granger et al., 2001). 

They are computed using the scaling scheme LSD (Lifton et al., 2008), with the ERA-40 

(Uppala et al., 2005), the geomagnetic record of Lifton 2016 VDM (Pavón-Carrasco et al., 

2014) and the production rates calibrated by Balco et al. (2009); Goehring et al. (2012); Gosse 

et al. (1995). 



 

5. Results 

5.1. Paleoclimatic records 

 

Belmira and Frontino paramo next to San Nicolas terrace were choosen as strategic places 

to understand the variations in the upper part of the northwestern Colombian Andes, so it 

was decided to create a database using ArcGis version 10.5® for the registration and easy 

access of this information. Table 1 shown a representation of the attribute table of the 

contained information. 

 

TABLE 1. Paleoclimatic data collected with their respective authors and study sites. 

Study Area Coordinates Ages Author 

Belmira moor 6º42’07,88’’ N y 
75º40’50,74’’ W  

Accelerator Mass 
Spectrometry (AMS) technic 
shows that the climate 
between 34875 cal yr BP 
and ~17000-12000 Cal yr 
BP as wet and cold time; 
and The period 12000-11092 
cal yr BP) is a gradual 
warming time. 

Velasquez-Montoya, 
2013  

Cauca River San Nicolás Terrace 
6,5º N and 75, 5º W 

6054 - 3986 Cal yr BP with 
gelled phytoclasts; 3986 - 
2613 Cal yr BP with altered 
phytoclasts; 2613 - 2355 Cal 
yr BP with pole; 2355 - 
1252? Cal years BP 
translucent phytoclasts; 
1252? - 241 Cal yr BP with 
altered phytoclasts; 241 - 
149? Cal yr BP with a 
decrease of translucent 
phytoclasts.  

Castro, 2011 



 

Frontino moor 6° 29' N and 76° 6' 
W 

Method C14 7500 yr BP, 
7180 yr BP, 2930 years BP, 
1459 years BP. 

Velásquez, 1999 

Farallones del 
Citará 

5º 46' 00'' N and 
76º04'00'W 

Cosmic Ray Exposure 10Be, 
8000 yrs, 6730 yrs, 6220 
yrs, exposed rock ages. 

Perez et al., 2018 

 

Taking into account the high, medium and low mountain system as a connected one, it is 

feasible to think that the processes that happen in high mountain are registered in medium 

mountain and consequently in low mountain therefore, it is necessary to review not only the 

upper zone of the Andes, but also the canyons, as illustrated in (FIGURE 8) the percentage 

of MO is related to the fluvial influence of the adjacent watersheds. 

 

Paleoclimatic registers from the Belmira moor range between 34,875 cal years BP and the 

discordance is estimated to cover part of the Pleniglacial period. Cold conditions between 

34,875 cal years BF and 15,000 cal years BP with a similar average temperature to the 

current one. Some dry pulses in the end of the period between 15,000 cal years BP and 

12,646 cal years BP were the dominant climatic characteristic were cold and humid. Warm 

and humid conditions between 12,464 cal years BP and 11.092 cal years BP. The páramo 

vegetation dominated in the surroundings, but in some points, it had similarity with the 

current landscape; on the other hand, the period (12,000-11,092 cal yr BP) marks the 

beginning of the Holocene and there were drastic changes in climate and vegetation 

registered there. The lagoon, until its own edge, was surrounded by Andean forest and the 

páramo was restricted to small refuges in the highest parts of this mountainous massif 

(Velasquez-Montoya, 2013, FIGURA 6). 



 

 

The explained ages for the Frontino moor register that in the part of the Western Cordillera, 

the period between 13000-12900 cal years B.P., represents the final phase of a warm and 

relatively humid time; the period between 12900-12100 cal years B.P. It’s a cold and humid 

phase in which the forest line descended to 3150m. and the minimum temperature was 1.8 

° C below the current one. The period between ca.12100-11300 cal B.P. it’s mainly warm 

but interrupted by a dry cold pulse. The period between 11300- 10200 cal B.P. represents a 

cold and humid period, the average temperature could have been about 3 ° C below the 

maximum of the previous zone and almost 2 ° C below the current. The period between 

10200- 9500 cal B.P. goes from a cold period to a dry and warm one; in the period between 

9500-9100 cal B.P. there is a short change in the decreasing of the temperature and increased 

moisture; and the period between 9100-7100 cal B.P. It is characterized as a warm phase in 

which the Andean forest covered the entire upper part of the mountain range (Velasquez, 

1999, FIGURA 7). 

  



 

 

 

FIGURE 6. Results of chronology, stratigraphy and sum of ecological groups delivered by the 

palinogram taken from Velasquez-Montoya, (2013) 

 

 

  



 

 

 

FIGURE 7. Correlation of pollen nuclei Llano grande, Puente largo and Western Cordillera 

lakes; TPN 13 Central Cordillera and Fuquene lake, Eastern Cordillera with 12 C14 ages taken 

from Velasquez et al. 1999 



 

 

FIGURE 8. Relationship in the periods of inferred drought in the terrace of San Nicolas, with 

the registry of the basin of the low Magdalena- Cauca- San jorge, and with periods of low 

level of the lakes of the Andes. From left to right: ages in years BP (in gray ages attributed to 

reworking), relationship D-Lc. Alt / MOA, layers of peat in the lower Magdalena-Cauca-San 

Jorge taken from Castro, (2013) 

 

  



 

The Northwestern Andean Cordillera is a tropical mountains belt, which its vegetation 

changes with its height because this is linked with the temperature and the geomorphology 

of each place (Hooghiemstra & Van der Hammen, 2004), also depends of every taxa 

adaptability (Velasquez-Montoya, 2013, FIGURE 8). 

 

5.2. Debris flow deposits chronology 

Cosmogenic nuclides are produced in the atmosphere and in mineral grains near the ground 

surface as the product of nuclear reactions induced by these cosmic rays (Lal and Peters, 1967) 

what indicated that before the ages calculated, the rock was not accumulating isotopes, that 

means, that was covered. 

 

 

 

 

 

TABLE 2. Concentration of Be10 on rocks and calculated ages 

Measured 10Be concentrations  table 2 shows the sample 16-FAR-04 as has been exposed to the 

accumulation of isotopes more time, indicating a different event from the samples 16-FAR-01 and 16-

FAR-02 Although you have different ages, it can be inferred that they were affected by the outbreak of 

the same weather that predominated at that time 



 

 

 

5.3. Cauca River Deposits 

The San Nicolás terrace, shows fluctuations in the abundance reflect fluvial influence which 

is linked to events of greater or lesser rainfall, which allows us to say, in the core studied by 

(Castro, 2011) shows that the C14 ages reported in table 1 represents the ENSO temporality 

influences because is possible to see changes in the percentage of the MOA/D-lc.AH. 

6. DISCUSSION 

 

There are many different effective techniques as C14, palynology, descriptions and stratigraphic 

correlations, polinist inventory, which are well known in helping with the paleoclimate 

reconstructions, (González, 1963; Hooghiemstra, 1984; Jaramillo & Parra 2005; Kuhry, 1988; 

Melief, 1985; Monsalve, 2004; Muñoz et al 2009; Rangel et al., 2005; Salomons, 1986; 

Velásquez et al., 2012; Van der Hammen, 2004; Thouret & Van der Hammen, 1983). However 

we have decided to use terrestrial cosmogenic isotopes as a proxy for the study of the 

paleoclimate, because of its precision and without time restriction for the study geological 

processes (i.e. ancient magmatism, evolution of the earth's crust) (Gosse and Phillips, 2000). 

Anyhow, it is important to consider that limitations of the TCN dating exist. These limitations 

are mostly related to inheritance and erosion of the rock surface (Dunai and Lifton, 2014). 

Inheritance is a concentration of a specific TCN, which is present in the rock surface previous 

the geological processes of interest occur (Ciner et al., 2017; Darnault et al., 2012). 

 



 

As we well know, in this work we have three different cosmogenic ages which correspond 

to three different torrential events in the Farallones watershed which were triggered by the 

increase of the flow, causing the dragging of the blocks from the upper part of the watershed, 

which were covered by ice mass CORANTIOQUIA, (2003); this flow may increased by the 

melting of the same ice mass. This idea is also supported by the data given by Velasquez-

Montoya, (2013) because it suggests that through all the pleistocene and Holocene, the 

climate changed into cold to warm and dry to wet periods, causing changes in the vegetation 

(Van der Hammen, 1978), in this case in the Belmira moor, this effect of constant change is 

also visible in the Frontino moor Velasquez et al. (1999); Where exposes that from 13000 

cal years BP to 10200 cal years BP the climate was in a periodic change from warm to cold 

periods and  with dry pulses between these (FIGURE 3); following these changes a warming 

time started in this zone of the Western Cordillera, which allow us to think that this same 

behavior was also in the Farallones del Citara, and as consequences of this, the ice/snow in 

this zone melts and increases the flow giving rise to different torrential events, dated with 

TCN, 8000 years BP, 6730 years BP and 6220 years BP. 



 

 

FIGURE 9. Comparison of local and regional records of paleoclimatic events after the 

Pleistocene- Holocene transition (Perez et at., 2018; velasquez- Montoya, 2013; Castro, 2011; 

Velasquez, 1999; Easterbrook, 2011; Walker et al., 2012; Carlson, 2013; Rasmussen, 2014 ) 

 



 

 

Thinking in this as a connected system, we hope that mostly of the regional events that 

happened in the upper part of the Central and western Cordilleras Have incidence in the 

lower part, canyon of the Cauca River, and Castro, (2011) exposes C14 ages and MO% 

indicating that this one is directly proportional to precipitation periods, as fluvial influence. 

It is to be expected that the past periods to 8000 years BP, this zone, The San Nicolas terrace, 

is mainly influenced by fluvial system for what we said in the previous paragraph about the 

torrential events, whoever there isn’t any register until 6054 years (FIGURE 4), where is easy 

to see fluctuations in the MO% supporting even more the hypothesis initially raised. 

Reviewed paleoclimatic data and measured 10Be ages range in the Pleistocene-Holocene 

transition, indicating a segmented record of the oldest dryas (last 16.1 ky). Particularly these 

dataset record the last glacial maximum (LGM) and the posterior climatic fluctuations 

represented in Figure 9 indicate the relationship between global recorded cold and warm periods 

and records from the study site. Where it’s possible to see the direct relationship between the 

global average temperatures and the Andean forest growing with the warm and humid periods 

and with timing control of climate-triggered hillslope deposits. 

 

7. CONCLUSIONS  

Based on the analyzed data we could conclude that: 

i) Paleoclimatic records in different geomorphic settings of the SW Antioquian 

region show a correlation with the global climate signal trend. Sites as Frontino 

and Belmira Páramo show that the periods of the Andean forest increasing 



 

depending on the hot periods globally and the highest precipitation recorded in 

the canyon of the Cauca River.  

ii) Debris flow deposits in the Farallones watershed exhibit 10Be ages, which fall in 

the Holocene Thermal Maximum (i.e. 6-10 ky) indicating a climatic control of 

hillslope processes. 

 

5. REFERENCES 

Agliardi F, Crosta GB, Zanchi A, et al. (2009) Onset and timing of deep-seated gravitational 
slope deforma- tions in the eastern Alps, Italy. Geomorphology 103: 113–129.  

Álvarez, J., 1979. Geología de la Cordillera Central y el Occidente Colombiano y petroquímica 
de los intrusivos granitoides mesocenozoicos. Tesis de doctorado, Universidad de Chile, 
Santiago de Chile, 359p. 
 
Arias, P. A., Martínez, J. A., & Vieira, S. C. (2015). Moisture sources to the 2010–2012 
anomalous wet season in northern South America. Climate dynamics, 45(9-10), 2861-2884. 
 
Aspden, J.A., McCourt, W.J., Brook, M., 1987. Geometrical control of subduction related 
magmatism: the Mesozoic and Cenozoic plutonic history of western Colombia. Journal of the 
Geological Society, London, 144, 893–905. 
 
Balco, Greg, and David L. Shuster. "26Al–10Be–21Ne burial dating." Earth and Planetary 
Science Letters 286.3-4 (2009): 570-575. 
 
Binnie, A., Dunai, T. J., Binnie, S. A., Victor, P., González, G., & Bolten, A. (2016). Accelerated 
late quaternary uplift revealed by 10Be exposure dating of marine terraces, Mejillones 
Peninsula, northern Chile. Quaternary Geochronology, 36, 12-27. 
 
Burrows, C.J. (1979). A chronology for cool-climate episodes in the Southern Hemisphere 
12,000-1,000 yr BP. Palaeogeography, Palaeoclimatology, Palaeoecology, 27,287-347.  

 
Ciner, A., Sarıkaya, M. A. & Yıldırım, C. 2015. Piedmont glaciations in the eastern 
Mediterranean; insights from cosmogenic 36Cl dating of hummocky moraines in southern 
Turkey. Quaternary Science Reviews, 116, 44–56. 
Bierman, P.R., Caffee, M., 2001. Slow rates of rock surface erosion and sediment produc- tion 
across the Namib Desert and escarpment, southern Africa. American Journal of Science 301, 
326–358. 



 

 
Clapperton, C.M. (1981). Quaternary glaciations in the Cordillera Blanca, Peru and the 
Cordillera Real, Bolivia. Memoria del Primer Seminario Sobre el cuaternario de Col6mbia 
Bogotfi, Agosto 25 al 29 de 1980. Revista Centro Interamericano de Fotointerpretaci6n 
C.I.A.F. (Bogota) 

 
Cochrane, R., Spikings, R., Gerdes, A., Ulianov, A., Mora, A., Villagómez, D., Putlitz, B.,y 
Chiaradia, M. 2014a. Permo-Triassic anatexis: continental rifting and the disassembly of 
western Pangaea. Lithos 190-191, 383-402. 
 
Costa, J.E. 1988. Rheologic, Geomorphic and sedimentologic differentiation of water floods, 
hyperconcentrated flows, and debris flow. En Flood Geomorphology. Editores: Baker, V. R., 
Kochel, R. C. y Patton, P.C. John Wiley & Sons, Inc., p 113-122. 
 
Corantioquia, P. I. (2014). Manual Piraguero Medición del caudal. 
 
Corredor-Acosta, A., Acosta, A., Gaspar, P., & Calmettes, B. (2011). Variation in the surface 
currents in the Panama bight during El Niño and La Niña events from 1993 to 2007. Boletín de 
Investigaciones Marinas y Costeras-INVEMAR, 40, 33-56. 
 
Coussot, Philippe, and Maurice Meunier. "Recognition, classification and mechanical 
description of debris flows." Earth-Science Reviews 40.3-4 (1996): 209-227. 

Darnault, R., Rolland, Y., Braucher, R., Bourlès, D., Revel, M., Sanchez, G., & Bouissou, S. 
(2012). Timing of the last deglaciation revealed by receding glaciers at the Alpine-scale: impact 
on mountain geomorphology. Quaternary Science Reviews, 31, 127-142. 
 
Delcourt, Paul A., and Hazel R. Delcourt. "Paleoclimates, paleovegetation, and paleofloras 
during the late Quaternary." Flora of North America 1 (1993): 71-94. 
 
Díaz-Onofre, O. 2008. Fundamentos de la Hidráulica de Huaycos. Fecha de consulta: enero 
2008. En línea: es.geocities.com/donpedro10/huayco/huaycosi.pdf. 
 
Durán, J.J., Elízaga, E., Garzón, G., Lamas, J.L., Lendínez, A., Prieto, C. 1985. Geología y 
prevención de daños por inundaciones. Instituto Geológico Minero de España. 421 p. 
 
Dunai, T.J., 2001b. Reply to comment on ‘Scaling factors for production rates of in situ 
produced cosmogenic nuclides: a critical reevaluation’ by Darin Desilets, Marek Zreda   
 
Duque-Caro, Hermann. "Neogene stratigraphy, paleoceanography and paleobiogeography in 
northwest South America and the evolution of the Panama Seaway." Palaeogeography, 
Palaeoclimatology, Palaeoecology 77.3-4 (1990): 203-234. 

Escobar, F., Vidal, F., Garin, C., Naruse, R., 1992. Water balance in the Patagonia Ice field. In: 
Naruse, R., Aniya, M. (Eds.), Glaciological Researches in Patagonia, 1990, pp. 109–119. ‘ 



 

Feng, F., & Bailer-Jones, C. A. (2013). Assessing the influence of the solar orbit on terrestrial 
biodiversity. The Astrophysical Journal, 768(2), 152. 
 
 
Gillespie, A. R., & Clark, D. H. (2011). Glaciations of the Sierra Nevada, California, USA. 
In Developments in Quaternary Sciences (Vol. 15, pp. 447-462). Elsevier. 
 
Gosse, John C., and Fred M. Phillips. "Terrestrial in situ cosmogenic nuclides: theory and 
application." Quaternary Science Reviews 20.14 (2001): 1475-1560. 
 
Gosse, John C., et al. "Precise cosmogenic 10Be measurements in western North America: 
Support for a global Younger Dryas cooling event." Geology 23.10 (1995): 877-880. 
 
Goehring BM, Lohne ØS, Mangerud J, et al. 2012. Late Glacial and Holocene beryllium-10 
production rates for western Norway. Journal of Quaternary Science 27: 89–96. 
 
Granger, D.E., Riebe, C.S., Kirchner, J.W., and Finkel, R., 2001, Modulation of erosion on steep 

granitic slopes by boulder armoring, as revealed by cosmogenic 26Al and 10Be: Earth and 
Planetary Science Letters, v. 186, p. 269–281, doi: 10.1016/S0012-821X(01)00236-9.  

Hays, James D., John Imbrie, and Nicholas J. Shackleton. "Variations in the Earth’s orbit: 
pacemaker of the ice ages." Science 194.4270 (1976): 1121-1132. 
 
Hooghiemstra, Henry. Vegetational and climatic history of the high plain of Bogotá, Colombia. 
J. Cramer, 1984. 
 
Hooghiemstra, H., (1988). Vegetacional and Climatic History of the High Plain of Bogota, 
Colombia: A continuous Record of the Last 3.5 Million years. The Quaternary of Colombia. 
Vol 10. 176 – 240 pp.  
 
Hooghiemstra H, Van der Hammen T (2004) Quaternary ice-age dynamics in the Colombian 
Andes: developing an understanding of our legacy. Philosophical Transactions of the Royal 
Society London B 359: 173-181. 
 

IDEAM, 2010. Sistemas Morfogénicos del Territorio Colombiano. Instituto de Hidrología, 
Meteorología y Estudios Ambientales. Bogotá, D. C., 252 p., 2 anexos, 26 
planchas en DVD. 
 
IDEAM - UNAL, Variabilidad Climática y Cambio Climático en Colombia, Bogotá, D.C., 
2018. 
 

Johnson, A. M., and J. R. Rodine. "Slope instability." Wiley535 (1984): 257-361. 



 

Bloom, Myer, Evan Evans, and Ole G. Mouritsen. "Physical properties of the fluid lipid-bilayer 
component of cell membranes: a perspective." Quarterly reviews of biophysics24.3 (1991): 293-
397. 
 

Kelly et al. (2015); Martin et al. (2015); Putnam et al. (2010); Small et al. (2015); Stroeven et 
al. (2015); Young et al. (2013). 
 
Kurz, Mark D. "In situ production of terrestrial cosmogenic helium and some applications to 
geochronology." Geochimica et Cosmochimica Acta 50.12 (1986): 2855-2862. 
 
Kuhry, Peter. "Palaeobotanical-palaeoecological studies of tropical high Andean peatbog 
sections (Cordillera Oriental, Colombia)." (1988). 
 
Kuhry, (1988). Paleobotanical-Paleoecological studies of tropical high Andean peatbog section 
(Cordillera Oriental, Colombia). En: Cuaternary of Colombia, Vol 14. 
 
Lal, Devendra, and B. Peters. "Cosmic ray produced radioactivity on the Earth." Kosmische 
Strahlung II/Cosmic Rays II. Springer, Berlin, Heidelberg, 1967. 551-612. 
Lal, D. "Cosmic ray labeling of erosion surfaces: in situ nuclide production rates and erosion 
models." Earth and Planetary Science Letters 104.2-4 (1991): 424-439. 
 
Lavigne, F. y Suba, H., 2004. Contrasts between debris fows, hyperconcentrated fows and 
stream fows at a channel of Mount Semeru, East Java, Indonesia. Geomorphology, vol. 61, p. 
41- 58. 
 
Lifton, N., Smart, D., Shea, M., 2008. Scaling time-integrated in situ cosmogenic nuclide 
production rates using a continuous geomagnetic model. Earth and Planetary Science Letters, 
in press. 
 
Lifton, N., Caffee, M., Finkel, R., Marrero, S., Nishiizumi, K., Phillips, F.M., Goehring, B., 
Gosse, J., Stone, J., Schaefer, J., et al., 2015a. In situ cosmogenic nuclide production rate 
calibration for the CRONUS-Earth project from Lake Bonneville, Utah, shoreline features. 
Quat. Geochronol. 31, 56e69. 
 

McCalpin JP, Bruhn RL, Pavlis TL, et al. (2011) Antislope scarps, gravitational spreading, and 
tectonic faulting in the western Yakutat microplate, south coastal Alaska. Geosphere 7: 1143–
1158.  

Memoria del Primer Seminario Sobre el cuaternario de Col6mbia Bogotfi, Agosto 25 al 29 de 
1980. Revista Centro Interamericano de Fotointerpretaci6n C.I.A.F. (Bogota) 

Medina, J., 1991. Fenomenos geodinamicos: estudio y medidas de tratamiento. Tecnología 
Intermedia, Lima. p. 87.   



 

Melief, B.M., (1985). Late Quaternary paleoecology of the Parque Natural de los Nevados 
(Cordillera Central), and Sumapáz (Cordillera Oriental) áreas, Colombia. El cuaternario de 
Colombia, Vol. 12. 
McCalpin JP and Irvine JR (1995) Sackungen at the Aspen Highlands Ski Area, Pitkin County, 
Colorado. Envi- ronmental and Engineering Geoscience 1: 277–290.  

Muñoz Uribe, P., Jojoa, M., Velásquez, C., & Gorin, G. E. (2009, December). Middle and Late 
Holocene climate in the tropics: contribution of a high-resolution palynological and 
geochemical record in northwestern Colombia. In AGU Fall Meeting Abstracts. 
Nishiizumi, K., et al. "Solar cosmic ray effects in Allan Hills 77005." Meteoritics 21 (1986): 
472. 
 
Nishiizumi, K., et al. "Cosmic ray production rates of 10Be and 26Al in quartz from glacially 
polished rocks." Journal of Geophysical Research: Solid Earth 94.B12 (1989): 17907-17915. 

Parra, Esteban J., et al. "Estimating African American admixture proportions by use of 
population-specific alleles." The American Journal of Human Genetics 63.6 (1998): 1839-1851. 
Pavón-Carrasco, Francisco Javier, et al. "A geomagnetic field model for the Holocene based on 
archaeomagnetic and lava flow data." Earth and Planetary Science Letters 388 (2014): 98-109. 
 
Pavón-Carrasco, Francisco Javier, et al. "A geomagnetic field model for the Holocene based on 
archaeomagnetic and lava flow data." Earth and Planetary Science Letters 388 (2014): 98-109. 
 
Phillips, Ruth B., et al. "Application of silver staining to the identification of triploid fish 
cells." Aquaculture 54.4 (1986): 313-319. 
 
Piedrahíta, I. 1996. Estudio preliminar por eventos torrenciales en la vertiente occidental del Río 
San Juan, suroeste antioqueño. Trabajo de grado para el título de Geólogo. Universidad EAFIT. 
127 p. 
 
Pindell, James L., and Lorcan Kennan. "Tectonic evolution of the Gulf of Mexico, Caribbean 
and northern South America in the mantle reference frame: an update." Geological Society, 
London, Special Publications 328.1 (2009): 1-55. 

Poveda, Germán, Peter R. Waylen, and Roger S. Pulwarty. "Annual and inter-annual variability 
of the present climate in northern South America and southern 
Mesoamerica." Palaeogeography, Palaeoclimatology, Palaeoecology 234.1 (2006): 3-27. 

Poveda, Germán, and Oscar J. Mesa. "On the existence of Lloró (the rainiest locality on Earth): 
Enhanced ocean‐land‐atmosphere interaction by a low‐level jet." Geophysical research 
letters 27.11 (2000): 1675-1678. 

Ramos, V., Aleman, A, 2000. Tectonic evolution of the Andes. In: Cordani, U.G., Milani, E.J., 
Thomaz-Filho, A, Campos, D.A, (Eds.), Tectonic evolution of South America. Rio de Janeiro 
31st International Geological Congress. 635-685. 
 



 

Ramos, V. 2009 Anatomy and global context of the Andes: Main geologic features and the 
Andean orogenic cycle. in Kay, S.M., Ramos, V.A., Dickinson, W.D., eds., Backbone of the 
Americas: Shallow Subduction, Plateau Uplift, and Ridge and Terrane Collision. Geological 
Society of America Memoir 204: 31-66. 
 
Rangel, Drauzio EN, et al. "Influence of growth environment on tolerance to UV-B radiation, 
germination speed, and morphology of Metarhizium anisopliae var. acridum conidia." Journal 
of invertebrate pathology 90.1 (2005): 55-58. 
Restrepo-Moreno, Sergio A., et al. "Long-term erosion and exhumation of the “Altiplano 
Antioqueño”, Northern Andes (Colombia) from apatite (U–Th)/He thermochronology." Earth 
and Planetary Science Letters 278.1-2 (2009): 1-12. 

Restrepo, J. J., and J. F. Toussaint. "Terranes and continental accretion in the Colombian 
Andes." Episodes 11.3 (1988): 189-193. 
Ramos, V. 2009 Anatomy and global context of the Andes: Main geologic features and the 
Andean orogenic cycle. in Kay, S.M., Ramos, V.A., Dickinson, W.D., eds., Backbone of the 
Americas: Shallow Subduction, Plateau Uplift, and Ridge and Terrane Collision. Geological 
Society of America Memoir 204: 31-66. 

Riedl, O. y Zachar, D. 1984. Forest amelioration. Elsevier, Amsterdam. 623 p 
González, J., Hermelin, M., 2004. Aspectos Geomorfológicos de la Avenida Torrencial del 31 
de Enero de 1994 en la cuenca del río Fraile y sus fenómenos asociados. Grupo de Geología 
Ambiental e Ingeniería Sísmica, Universidad EAFIT, Medellín, 23 pp. 
 
Salomons, J.B. (1986) Paleoecology of Volcanic Soils in the Colombian Central Cordillera 
(Parque Nacional Natural de los Nevados). The Quaternary of Colombia. Universidad de 
Ámsterdam en colaboración con Instituto Nacional Bogotá. Vol 13. Nº 21, 24-32 pp. 
 
Schwartz, Joseph, et al. "Guidelines on the use of therapeutic apheresis in clinical practice–
evidence‐based approach from the Writing Committee of the American Society for Apheresis: 
the seventh special issue." Journal of clinical apheresis 31.3 (2016): 149-338. 
 
Spikings, R., Cochrane, R., Villagómez, D., Van der Lelij, R., Vallejo, C., Winkler, W., and 
Beate, B., 2015, The geological history of northwestern South America: from Pangaea to the 
early collision of the Caribbean Large Igneous Province (290–75 Ma). Gondwana. Research 27, 
95-139. 
 

Toussaint, J.F. y Restrepo, J.J., 1996. Evolución Geológica de Colombia. Cretácico. Ed. 
Universidad Nacional de Colombia, Medellín, 277p. 
 
Toussaint, J.F.; and Restrepo, J.J. 1989. Acreciones sucesivas en Colombia: un nuevo modelo 
de evolución geológica. In: Memorias V Congreso Colombiano de Geología, p. 127–146. 
Taboada, Alfredo, et al. "Geodynamics of the northern Andes: Subductions and intracontinental 
deformation (Colombia)." Tectonics 19.5 (2000): 787-813. 



 

 
Uppala, S. M., Kållberg, P. W., Simmons, A. J., Andrae, U., Bechtold, V. D. C., Fiorino, M., ... 
& Li, X. (2005). The ERA‐40 re‐analysis. Quarterly Journal of the royal meteorological 
society, 131(612), 2961-3012. 
 
Van der Hammen, T., Werner, J. H., & Van Dommelen, H. (1973). Palynological record of the 
upheaval of the Northern Andes: a study of the Pliocene and Lower Quaternary of the 
Colombian Eastern Cordillera and the early evolution of its High-Andean biota. Review of 
Palaeobotany and Palynology, 16(1-2), 1-122. 
 
Van Der Hammen, T. & E. Gonzalez, E., (1960a). Upper Pleistocene and Holocene Climate and 
vegetation of Colombia, South America. Leidse Geologis che Mededelingen, Vol. 25. 125-315 
pp. 
 
Van der Hammen, T. (1978). Stratigraphy and environments of the Upper Quaternary of the El 
Abra corridor and rock shelters (Colombia). Palaeo- geography, Palaeoclimatology, 
Palaeoecology 25, 11–162.  

 
Velásquez, (2005). Paleoecología de alta resolución del Holoceno Tardío en el Páramo de 
Frontino, Antioquia. Tesis doctoral, Universidad Nacional de Colombia, Bogotá.  
 
Velásquez, C. & Hooghiemstra, H., (2012) Pollen based 17 kyr forest dynamics and climate 
change from the Western Cordillera of Colombia; no analogue associations and temporarely lost 
biomes. Review of Palaeobotany and Palynology. 1-62 pp. 
 
Villagómez, D., Spikings, R., Magna, T., Kammer, A., Winkler, W., and Beltrán, A. 2011. 
Geochronology, geochemistry and tectonic evolution of the Western and Central cordilleras of 
Colombia. Lithos, 125, 875-896 
 
Walker, M., & Walker, M. J. C. (2005). Quaternary dating methods. John Wiley and Sons. 
 
Weber, M., Gómez-Tapias, J., Cardona, A., Duarte, E., Pardo-Trujillo, A., & Valencia, V. A. 
(2015). Geochemistry of the Santa Fé Batholith and Buriticá Tonalite in NW Colombia–
evidence of subduction initiation beneath the Colombian Caribbean Plateau. Journal of South 
American Earth Sciences, 62, 257-274. 

 




