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Abstract

The combination of different thermochronologic techniques on the same samples or even the same grains has become in a

useful tool, to establish a complete history of the geological process that has controlled a rock, and for gaining information on

sediment provenance and the exhumation of sediment source areas. Determination of crystallization and cooling ages of detrital

zircon from modern river sediments is a powerful method for tracing sediment provenance and exhumation of orogenic mountain

belts. In this work we explain with new examples of modern river samples from the Colombian Andes how zircon fission-track

(ZFT) and U-Pb dating can be used in provenance studies to better understand the temporal association between source and

depositional site and how the evolution of orogenic mountain belts from such data in a setting where large amounts of sediment

are recycled from sedimentary source rocks and volcanic input may complicate the exhumational signal. Whereas the ZFT data

provide information about the most recent thermal history and exhumation of the source rocks, they are complementary to U-Pb

data which reflect the original zircon crystallization age and its ultimate provenance. The study contains data of detrital zircon

U-Pb and zircon fission-track dating from modern river sediments of the Guatiquia and Guayuriba rivers in the eastern foothills

of the EC, and the Magdalena River at Girardot on the western flank of the EC. Each individual dating technique offers unique

information with respect to provenance and exhumation. We use our data to highlight certain advantages and limitations of

using zircon U-Pb and FT dating in provenance studies, including the identification of original source areas, sediment recycling

and the difficulty of detecting amagmatic orogens in the detrital zircon record. The data obtained in this study allows us to

better understand the association between exhumation of sources and their detrital zircon signatures in modern rivers that drain

a part of the EC The results obtained allowing us to make first-order observations about the provenance signal in modern rivers

on the east flank of the Eastern Cordillera, our data clearly show that the zircon U-Pb age spectra of the Paleozoic through

Mesozoic sedimentary section being eroded is related to sources in the Amazon Craton, the magmatic Paleozoic basement of

the same EC, and exhumation of proximal Precambrian basement blocks. On the other hand, the Magdalena River sample

indicates the presence of these same EC sources plus the addition of younger Permo-Triassic and Jurassic zircons derived from

reworking of Upper Magdalena Valley sedimentary units and/or the crystalline basement of the CC. The ZFT data presented

here complements the existing record of recent exhumation for the EC and the Magdalena River at Girardot on the western

flank of the EC. Each individual dating technique offers unique information with respect to provenance and exhumation.
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INTRODUCTION 

 

The combination of different thermochronologic techniques on the same samples or even the same grains has become in a useful tool, to establish a complete history of the geological process that has controlled a rock, and for gaining information on sediment 

provenance and the exhumation of sediment source areas. Determination of crystallization and cooling ages of detrital zircon from modern river sediments is a powerful method for tracing sediment provenance and exhumation of orogenic mountain belts.  

In this work we explain with new examples of modern river samples from the Colombian Andes how zircon fission-track (ZFT) and U-Pb dating can be used in provenance studies to better understand the temporal association between source and depositional si-

te and how the evolution of orogenic mountain belts from such data in a setting where large amounts of sediment are recycled from sedimentary source rocks and volcanic input may complicate the exhumational signal (e.g. Jourdan, et al., 2013; Carter & Moss, 

1999). Whereas the ZFT data provide information about the most recent thermal history and exhumation of the source rocks, they are complementary to U-Pb data which reflect the original zircon crystallization age and its ultimate provenance. 

The study contains data of detrital zircon U-Pb and zircon fission-track dating from modern river sediments of the Guatiquia and Guayuriba rivers in the eastern foothills of the Eastern Cordillera, and the Magdalena River at Girardot on the western flank of the 

Eastern Cordillera. Each individual dating technique offers unique information with respect to provenance and exhumation.  

GEOLOGICAL SETTING 

 

The geology of Colombia is characterized tectonically and morphologically by the stable Precambrian basement of the 

Amazon Craton in the eastern part of the country, and the highlands of the Andean Belt with its three Cordilleras separa-

ted from each other by intermountain valleys. Rivers such as the Bogota River drain the Eastern Cordillera to the west in-

to the Magdalena River. The Magdalena River is one of the most important drainage systems of the Northern Andes, as it 

crosses Colombia from south to north for over 1000 km, collecting all tributaries coming from the western flank of the 

Eastern Cordillera, the eastern flank of the Central Cordillera, and further downstream the western Cordillera at the con-

fluence with the Cauca River near Magangué.  

On the east side of the Eastern Cordillera, the drainage configuration is different. The rivers run from the foothills across 

the Llanos basin in a west to east direction, to ultimately join either the Orinoco or the Amazon Rivers. The Guatiquia and 

Guayuriba rivers are two of the most important tributaries of the Meta River, part of the Orinoco drainage basin. With 

their springs in the Paramo de Chingaza and Sumapaz in the Eastern Cordillera, they drain Precambrian (Garzón massif), 

Paleozoic (Quetame massif), as well as Cretaceous sedimentary cover rocks (Urueña et al., in press). 

The uplift, exhumation and deformation history of the Eastern Cordillera involved the drainage and sedimentary basin 

evolution of the Llanos foreland, limited by the Guaicaramo fault system (Mora, et al., 2008). The evolution of the Eastern 

Cordillera as a highland started during the middle Eocene to Oligocene, and intensified during the Miocene-Pliocene after 

tectonic inversion (Colleta, et al., 1990; Cooper, et al., 1995; Mora, et al., 2006; Sarmiento-Rojas, et al., 2006) of preexisting 

Jurassic and Early Cretaceous graben structures and mid-crustal low-angle detachment faults (Dengo & Covey, 1993; Mora 

et al. 2009). 

The initial surface uplift was probably moderate, but since the Oligocene, the rise of the Eastern Cordillera blocked the 

arrival of zircons derived from the Guyana shield to the hinterland interior. This dramatic change in the local topography 

caused a shift in sediment provenance of sedimentary units deposited in the intermontane Magdalena River basin (Horton, 

et al., 2010; Nie, et al., 2010), which developed between the Central and Eastern Cordillera since the Eocene.  

RESULTS 

 

Detrital zircon U-Pb ages of modern river sands 

from the eastern flank of the Eastern Cordillera 

show a distribution between 830 to 1830 Ma . 

 

Detrital zircon age spectra from from our Magda-

lena River sample is markedly different, represent-

ed by four populations separated in two broad age 

ranges: the first range is represented by peaks be-

tween 156.76±0.45 Ma and 268.56±0.9 Ma, and 

the second range is represented by peaks between 

1068.9±4.8 Ma and 1483.6±6.5 Ma . 

 

Fission-track ages obtained for the Guayuriba and 

Guatiquia samples) show a similar grain age distri-

bution between from 8.8 to 530.1 Ma and 19.4 to 

476.0 Ma,  

 

The Magdalena River sample shows an age range 

from 28.1 to 327.9 Ma with 36.3% dispersion  

DISCUSION AND CONCLUSIONS 

 

The combination of  U-Pb and ZFT data presented here allow us to make first-order observations about the provenance sig-

nals in modern rivers on the east and west flanks of the Eastern Cordillera, close to the Villavicencio and Girardot areas. On 

the east flank of the Eastern Cordillera, our data clearly show that the zircon U-Pb age spectra of the Paleozoic through Me-

sozoic sedimentary section being eroded are related to sources in the Amazon Craton. On the other hand, the Magdalena 

River sample indicates the presence of these same Eastern Cordillera sources plus the addition of younger Permo-Triassic 

and Jurassic zircons derived from the reworking of Upper Magdalena Valley sedimentary units and/or the crystalline basement 

of the Central Cordillera  

 

Using Kolmogorov-Smirnov (KS) statistics we compared the grain-age distribution between Guayuriba River and Guatiquia 

River samples, which are very similar and in contrast, the Magdalena River sample shows that the grain age distributions are 

significantly different. The Magdalena River sample detrital zircon U-Pb data reflect the zircon U-Pb ages of the upper Magda-

lena River drainage basin, which covers the western flank of the Eastern Cordillera and the eastern flank of the Central Cor-

dillera. The graphic shows the differences between the detrital zircon age distributions found in the rivers on the east flank of 

the Eastern Cordillera and those the west flank, as represented by the Magdalena River, thus denoting the influence of the se-

diments of the Central Cordillera  

 

The modern river detrital zircon U-Pb spectra of the Guayuriba and Guatiquia river samples indicate that the formation of 

the Eastern Cordillera, which has been forming since the Eocene, is not detectable in the zircon U-Pb record.  These zircons 

are simply recycled from the sedimentary cover units or sourced from the Precambrian basement; however, no zircons with 

U-Pb ages reflecting the Eastern Cordilleran orogenesis exist. This interpretation is complemented by CL images showing zir-

cons with internal oscillatory zoning related to primary magmatic sources and recrystallized edges due to ancient metamorp-

hic events.  

 

The ZFT data presented here complement the existing record of recent exhumation for the Eastern Cordillera determined 

based on the dating of bedrock samples, thus indicating that moderate exhumation rates occurred over the last 20 Myr and 

verifying the asymmetric nature of the surface uplift occurring across the length of the Eastern Cordillera fold-and-thrust 

belt. 

The detrital zircon FT peak ages can be used to estimate the long-term average exhumation rates within the drainage basins, 

assuming a monotonous cooling history, using the age2edot software of Brandon (see Ehlers, et al., 2005). Zircons with appa-

rent Miocene cooling ages from the fastest exhuming areas in the Eastern Cordillera indicate exhumation rates on the order 

of approximately 0.3-0.4 km/Myr  

REFERENCES 
 

 Carter, A., & Moss, S. J. 1999. Combined detrital-zircon fission-track and U-Pb dating: A new approach to understanding hinterland evolution. Geology, 27(3), 235-

238. doi: OI10.1130/0091-7613(1999)027<0235:CDZFTA>2.3.CO;2  

 Colleta, B., Hebrard, F., Letouzey, J., Werner, P., & Rudkiewicz, J.-L. 1990. Tectonic style and crustal structure of the Eastern Cordillera, Colombia from a balanced 

cross section. In J. Letouzey (Editor), Petroleum and Tectonics in Mobile Belts. Paris: Editions Technip, p. 81-100. 

 Cooper, M. A.; Addison, F. T.; Alvarez, R.; Coral, M.; Graham, R. H.; Hayward, A. B.; Howe, S.; Martínez, J.; Naar, J.; Penas, R.; Pulham, A. J.; Taborda, A. 1995. Basin Deve-

lopment and Tectonic History of the Llanos Basin, Eastern Cordillera, and Middle Magdalena Valley, Colombia. American Association of Petroleum Geologists Bu-

lletin, 79, 1421-1443. 

 Dengo, C. A., & Covey, M. C. 1993. Structure of the eastern Cordillera of Colombia: for trap Styles and regional tectonics. American Association of Petroleum 

Geologists, 77(8), 1315–1337.  

 Horton, B. K., Saylor, J. E., Nie, J., Mora, A., Parra, M., Reyes-Harker, A., & Stockli, D. F. 2010. Linking sedimentation in the northern Andes to basement configuration, 

Mesozoic extension, and Cenozoic shortening: Evidence from detrital zircon U-Pb ages, Eastern Cordillera, Colombia. Geological Society of America Bulletin, 122, 

1423-1442. doi: 10.1130/B30118.1 

 Jourdan, S.; Bernet, M.; Tricart, P.; Hardwick, E.; Paquette, J. ; Guillot, S.; Dumont, T.; Schwartz, S. 2013. Short-lived, fast erosional exhumation of the internal western 

Alps during the late early Oligocene: Constraints from geothermochronology of pro- and retro-side foreland basin sediments. Lithosphere, 5(2), 211-225. doi: 

10.1130/L243.1 

 Mora, A., Parra, M., Strecker, M. R., Kammer, A., Dimaté, C., & Rodríguez, F. 2006. Cenozoic contractional reactivation of Mesozoic extensional structures in the 

Eastern Cordillera of Colombia. Tectonics, 25, TC2010. doi: 10.1029/2005TC001854 

 Mora, A., Parra, M., Strecker, M. R., Sobel, E. R., Hooghiemstra, H., Torres, V., & Jaramillo, J. V. 2008. Climatic forcing of asymmetric orogenic evolution in the Eastern 

Cordillera of Colombia. Geological Society of America, 120, 930-949. doi: 10.1130/B26186.1 

 Nie, J., Horton, B. K., Mora, A., Saylor, J. E., Housh, T. B., Rubiano, J., & Naranjo, J. 2010. Tracking exhumation of Andean ranges bounding the Middle Magdalena Valley 

Basin, Colombia. Geology, 38(5), 451-454. doi:1 0.1130/G30775.1 

 Sarmiento-Rojas, L. F., Van Wess, J. D., & Cloetingh, S. 2006. Mesozoic transtensional basin history of the Eastern Cordillera, Colombian Andes: Inferences from tec-

tonic models. Journal of South American Earth Sciences, 21(4), 383-411. doi: 10.1016/j.jsames.2006.07.003 

ACKNOWLEDGEMENTS 

 

We acknowledge the support of the Thermochronology Laboratory team (Mary, Nicolas, Lorena and Sergio) at the Servicio 

Geologico Colombiano at Bogotá.  Zircon irradiations were supported by the Fission-track Laboratory of the Institut des 

Sciences de la Terre, Université Grenoble Alpes.  


