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A B S T R A C T   

The Northern Andes are the result of multiple tectonic phases, which include extensional and compressional volcanic arcs, strike-slip fragmentation, and accretion of 
exotic terranes. The alternations of these tectonic settings have overprinted and fragmented the geological record, which has hindered precise paleogeographic and 
tectonic reconstructions. In the western segment of the Colombian Andes, the oceanic-cored Western Cordillera (WC) and the continental Central Cordillera (CC) are 
separated by the Romeral Fault Zone (RFZ). This segment of the Andes preserves the record of Cretaceous back-arc extension, the onset of compression, and the 
accretion of the Caribbean plateau during the Late Cretaceous-Paleocene. To refine the tectonic evolution of the Western Colombian Andes, this study documents new 
detrital zircon fission-track (ZFT) data from the Meso-Cenozoic sedimentary cover in the CC, the RFZ, and the WC; new ZFT and zircon helium (ZHe) bedrock data 
from the CC and the RFZ; and new U–Pb detrital data from the Miocene sedimentary cover of the RFZ. Within the RFZ, we obtained bedrock ZFT ages of 239.0 � 11.0 
Ma and 111.1 � 4.3 Ma, and detrital ZFT data from the Abejorral Formation are interpreted as the result of post-magmatic cooling and Cretaceous rifting. Late 
Cretaceous to Eocene ZFT and ZHe ages (~61–50 Ma) in the CC and detrital ZFT data in the WC record exhumation and deformation of the CC during and after the 
collision of the Caribbean plateau with the continental margin. Finally, detrital U–Pb and ZFT data from the Amag�a Formation record the formation of a Miocene 
intermountain basin. This study reconstructs the basin geometries and the deformation patterns before, during, and after the collision of the Caribbean plateau with 
the South American margin. We highlight that in accretionary orogens, in which prolonged deformation and erosion have removed the sedimentary cover, the 
quantification of differential basement exhumation is key to reconstruct thick-skin deformation and to define major tectonic boundaries.   

1. .Introduction 

Alternations among extensional and compressional tectonic regimes 
controlled the Mesozoic and Cenozoic sedimentation and deformation 
patterns of the Northern Andes. These tectonic cycles have resulted from 
changes in the subduction angle, variations of the rates and direction of 
convergence, and the accretion of exotic terranes to the South American 
continental margin (Cardona et al., 2012, 2011; Le�on et al., 2018; 
Montes et al., 2019; Spikings et al., 2015; Zapata et al., 2019a). The 
Romeral Fault Zone (RFZ) defines the suture between the basement of 
the Central and Western Cordilleras (CC and WC). In this segment of the 
Northern Andes, the alternations between tectonic regimes and 

associated strike-slip deformation have complicated the precise paleo-
geographic and tectonic reconstructions between the Cretaceous and 
Eocene (Montes et al., 2019; Spikings et al., 2015; Zapata et al., 2019a). 
Moreover, the absence of these stratigraphic markers makes difficult the 
correlation with adjacent tectonic blocks and the reconstruction of Late 
Cretaceous to Paleogene deformational phases (e.g. Restrepo and 
Toussaint, 1988; Villag�omez et al., 2011a; Zapata et al., 2019a). 

In the Northern Andes, major tectonic boundaries are used to sepa-
rate tectonic blocks with dissimilar chronostratigraphic records, which 
are interpreted as formed at different paleogeographic positions and in 
contrasting tectonic settings (Montes et al., 2019; Restrepo and Tous-
saint, 2020, 1991; 1988; Spikings et al., 2014). However, the lack of 
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constraints in the amount and time of relative lateral and vertical dis-
placements between adjacent tectonic blocks difficult the accurate 
definition of these major tectonic boundaries (Zapata et al., 2019a), 
which may lead to interpret different structural levels of a single crustal 
domain juxtaposed along faults as terrane boundaries (e.g. Broussolle 
et al., 2019; Guy et al., 2020). Low-temperature thermochronology can 
be a powerful tool to constraint relative exhumation differences between 
adjacent basement-core tectonic blocks (e.g. L€obens et al., 2013; Pearson 
et al., 2013; Sobel et al., 2006b). 

The comparison between the detrital record and potential source 
areas (source to sink approach) has the potential to provide key infor-
mation for understanding former basin geometries and syn-depositional 
tectonic settings (Horton et al., 2010; Le�on et al., 2019; Malus�a and 
Garzanti, 2019; Mora et al., 2010). In the Northern Andes, the 
along-strike similarities of rock units and U–Pb zircon populations have 
reduced the resolution of several provenance techniques to identify 
along-strike movements. However, since exhumation histories are 
different along the strike of the Northern Andes (e.g. Spikings et al., 
2014; Villag�omez and Spikings, 2013), detrital thermochronology may 
be an alternative to constraint along-strike displacements. Moreover, the 
integration of detrital and bedrock thermochronology allows the iden-
tification of cooling events from eroded source areas, reconstruction of 
the long-term basin and bedrock thermal histories, and unravel the 
relationship between sediment accumulation and basement exhumation 
(Lag-time) (e.g. Bernet et al., 2006; Malus�a and Fitzgerald, 2019; Malus�a 
and Garzanti, 2019; Sobel et al., 2006a). 

we obtained zircon (U–Th)/He (ZHe) and zircon fission-track (ZFT) 
data from detrital and bedrock samples to reconstruct deformation and 
sedimentation patterns across major tectonic boundaries and constraint 
relative vertical fault displacements. Our study area comprises an ~80 
km long ~ E-W segment of the Western Colombian Andes between 
5�400N and 5�500N (Fig. 1), which includes the continental basement of 
the CC, the units embedded in the RFZ, and the volcanic basement of the 
WC. The sampled units include a pre-Mesozoic metamorphic and 
igneous basement, the Cretaceous to Cenozoic volcano-sedimentary 
cover in the CC and the RFZ, and the Cretaceous sedimentary cover in 
the WC. 

2. Tectonic evolution of the Western Colombian Andes 

The Jurassic to Miocene tectonic evolution of the Northern Andes 
comprises a period of extensional tectonics and strike-slip fragmentation 
between 150 Ma and 90 Ma (Montes et al., 2019; Zapata et al., 2019a), 
compression between 90 Ma and 70 Ma, oblique accretion of the 
Caribbean oceanic crust between 70 Ma and 60 Ma (Bayona et al., 2012; 
Cardona et al., 2012; Montes et al., 2019; Spikings et al., 2015; Zapata 
et al., 2019a), and Neogene compression due to both the accretion of the 
Panama-Choc�o terrane and an increase in the tectonic coupling between 
the Nazca and the South American plates (Le�on et al., 2018; Montes 
et al., 2019, 2015; Parra et al., 2009). 

The Western Colombian Andes comprises the CC and WC, and the 
Cauca Valley in between them. Within this valley is the RFZ, which is a 
Late Cretaceous tectonic suture between the continental rocks in the CC 
and the exotic oceanic crust in the WC (Figs. 1 and 2)(Maya and Gon-
zalez, 1995; Vinasco and Cordani, 2012). The basement of the CC is 
characterized by the presence of low to medium-grade metamorphic 
rocks grouped into the Cajamarca Complex, which is intruded by 
Permo-Triassic and Meso-Cenozoic granitoids (Figs. 1 and 2) (Leal-Me-
jia, 2011; Leal-Mejía et al., 2019; Spikings et al., 2014; Vinasco et al., 
2006). This metamorphic basement is unconformably overlain by the 
clastic Cretaceous sediments (130–100 Ma) of the Abejorral Formation 
(Fig. 2). This unit is characterized by transgressive clastic 
volcano-sedimentary successions accumulated in transitional and 
shallow marine depositional systems (Rodríguez and Rojas, 1985; 
Zapata et al., 2019a). The Abejorral Formation has been interpreted as 
being formed in a back-arc basin during the Early Cretaceous (Le�on 

et al., 2019; Zapata et al., 2019a). 
Located in the eastern segment of the RFZ is the Quebradagrande 

Complex; this unit is a fault-bounded volcano-sedimentary succession 
formed between 95 and 80 Ma (Jaramillo et al., 2017; Zapata et al., 
2019a). Between 97 and 58 Ma, arc-related magmatism of the Antioquia 
Batholith and the Aguadas Porphyry intruded the continental basement 
and the Cretaceous sedimentary cover in the CC (Duque-Trujillo et al., 
2019 and references therein). Late Cretaceous magmatic record hosted 
in the basement of the CC and the magmatism of the Quebradagrande 
Complex have been interpreted as parts of a continental volcanic arc, 
formed during contraction (97–58 Ma), after the closure of the former 
back-arc basin (Jaramillo et al., 2017; Zapata et al., 2019a). 

The Arquía Complex is located in the western segment of the RFZ and 
it is composed of Mesozoic low to medium-grade schists and amphibo-
lites, and high-pressure metamorphic rocks. High-pressure rocks have 
been interpreted as parts of a subduction complex formed at ~129 Ma 
and exhumed at ~115 Ma (Fig. 2) (Avellaneda-Jim�enez et al., 2019; 
Bustamante et al., 2011; García-Ramírez et al., 2017; Maya and Gon-
zalez, 1995). Deformational fabric from Cretaceous and Permo-Triassic 
rocks located within the RFZ have Ar–Ar isotopic ages between 120 Ma 
and 65 Ma. These ages have been attributed to fault activity within the 
RFZ (Vinasco and Cordani, 2012). 

The San Jer�onimo Fault separates the CC and the RFZ (Figs. 1 and 2). 
Since the record of the Quebradagrande Complex within the RFZ has 
been interpreted as formed in intra-oceanic settings distant from the 
continental margin, the San Jer�onimo Fault has been proposed as a 
regional terrane boundary, which separates the CC and the rocks of the 
Quebradagrande Complex (Fig. 1) (Maya and Gonzalez, 1995; Spikings 
et al., 2015; Villag�omez et al., 2011a). However, more recent studies 
have proposed that the Quebradagrande Complex is a fringing arc 
formed in the continental margin (Zapata et al., 2019a). The 
Cauca-Almaguer Fault is a major terrane boundary that separates the 
RFZ from the WC (Restrepo and Toussaint, 2020, 1991; 1988; Spikings 
et al., 2014). Previous studies of this fault system have focus on un-
derstanding the strike-slip movements of this fault (Montes et al., 2019; 
Vinasco and Cordani, 2012); however, vertical displacement along this 
fault has been poorly studied. 

The basement of the WC is composed of mafic volcanic rocks that 
were part of the Caribbean oceanic plateau (Hincapi�e-G�omez et al., 
2018; Kerr et al., 1997; Vallejo et al., 2006). Between ~100 Ma and 80 
Ma, west-dipping subduction beneath the eastern edge of the Caribbean 
plate formed an island arc on top of the Caribbean basement. The record 
of this volcanic arc includes several granitic intrusives and volcanic 
lavas of the Barroso Formation (Fig. 2) (Cetina et al., 2019; Rodriguez 
and Zapata, 2013; Spikings et al., 2015; Zapata et al., 2017). During the 
Late Cretaceous-Paleocene, the eastern Caribbean plateau collided with 
the South American continental margin. As a result, a portion of the 
plateau and its associate island arc were accreted to South America 
(region between the Cauca-Almaguer Fault and the Uramita Fault, 
Fig. 1) (Kerr and Tarney, 2005; Montes et al., 2019; Pardo-Trujillo et al., 
2020; Spikings et al., 2014; Zapata et al., 2019a). The Penderisco For-
mation is a volcano-clastic succession unconformably deposited on top 
of the accreted plateau and is divided into the siliciclastic Urrao and 
calcareous Nutibara members (Gonz�alez, 2001). The Urrao Member was 
deposited between the Late Campanian to Paleocene (Pardo-Trujillo 
et al., 2020) and its provenance exhibits sources from the CC (Pardo--
Trujillo et al., 2020). This unit has been interpreted as the sedimentary 
record before and coeval with the collision between the Caribbean 
plateau and the continental margin (Pardo-Trujillo et al., 2020). In the 
WC has not been found a sedimentary record with depositional ages 
between ~50 and 30 Ma (Le�on et al., 2018; Pardo-Trujillo et al., 2020). 

The Amag�a Formation is an epiclastic sedimentary succession 
deposited unconformably on top of the rocks within the RFZ in a fluvial 
depositional system during the middle Oligocene-Late Miocene (Fig. 2) 
(Van der Hammen, 1960). This unit has been divided into three mem-
bers, the lower member comprises successions of interbed polymictic 
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Fig. 1. Geological map and cross-section of the study area, modified from G�omez et al. (2015). Dashed squares represent the transects presented in Fig. 5. Squares 
and circles indicate available ZHe and ZFT thermochronological data (Montes, 2007; Saenz, 2003; Villag�omez et al., 2011b), black stars represent the data presented 
in this contribution, pie charts represent thermochronological detrital data, and color code denotes sample thermochronological age, the used data is presented in 
Table S2. Colored captions in the upper segment of the map and the cross-section denote major tectonic blocks and their equivalent terrane definition according to 
Restrepo and Toussaint (2020). Black thick lines denote the structures interpreted as major tectonic boundaries. Vertical exaggeration in cross-section is 1:3. (For 
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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conglomerates, sandstones with cross-stratification, mudstones, and 
minor coal beds; the middle member is characterized by an increase in 
the thickness and abundance of coal beds; and the upper member is 
composed mostly of sandstone and claystone (Gonz�alez, 2001). This unit 
has been interpreted as being accumulated in a fluvial system within a 
pull-apart basin between the CC and WC (Sierra Lopera et al., 2012). 
Furthermore, several studies have interpreted the sedimentary record of 
the Amag�a Formation as syn-orogenic strata that were coeval with the 
late phases of the Andean orogeny (Lara et al., 2018a; Silva-Tamayo 
et al., 2008). 

3. Analytical approach, ZFT and ZHe thermochronology of the 
Northern Andes 

Thermochronology is based on the quantification of the products of 
radioactive decay that are accumulated after the closure of a radioiso-
tope system (Dodson, 1973; Harrison, 2005; Reiners and Zeitler, 2005). 
For each system, the closure temperature approximately marks the 
condition at which such products can be retained within the mineral 
structure (Dodson, 1973; Gallagher et al., 2002; Guenthner et al., 2013). 
Therefore, thermochronology can quantify the time that has passed 
since a rock body cooled below the closure temperature of the isotopic 

Fig. 2. Chronostratigraphic chart of the Cretaceous to Cenozoic units in the study area. The right panel contains interpreted tectonic settings (Spikings et al., 2015; 
Zapata et al., 2019a). Fm. ¼ Formation. Black stars denote the samples presented in this contribution. 
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system (Reiners and Brandon, 2006; Reiners and Zeitler, 2005). 
In upper crustal levels, rock cooling can be related to the relative 

movement of rock bodies from deeper crustal levels towards the surface 
(exhumation), the emplacement of magmatic bodies, and regional 
changes in the thermal state of the crust (Malus�a and Fitzgerald, 2019; 
Murray et al., 2018; Reiners and Zeitler, 2005). Therefore, thermo-
chronology has the potential to unravel multiple tectonic events, such as 
footwall exhumation during normal faulting, hanging wall exhumation 
due to intense erosion promoted by inverse faulting and topographic 
growth, and post-magmatic cooling. Past cooling events can be pre-
served in the detrital record of adjacent sedimentary basins as long as 
the closure temperatures of the studied isotopic system were not sur-
passed (Malus�a and Garzanti, 2019). 

The pre-Cenozoic basement of the Northern Andes yield ZFT and ZHe 
ages between ~250 and 10 Ma (e.g. Amaya and Centenaro, 1997; 
Spikings et al., 2000, 2005; Villag�omez and Spikings, 2013). The 
northern segment of the CC (>5 �N) is characterized by ZFT ages be-
tween ~50 and 70 Ma, while its southernmost segment (~1 �N) ZFT 
ages are significantly older ages (106 and 112 Ma) (Villag�omez and 
Spikings, 2013). Further south, in The Cordillera Real of Ecuador ZFT 
ages, is between 35 and 70 Ma (Spikings et al., 2000, 2005). The 
northern segment of the WC has two ZFT ages of ~41 and 46 Ma 
(Montes, 2007; Saenz, 2003; Villag�omez and Spikings, 2013). Inland, 
the Eastern Cordillera of Colombia is characterized by the presence of 
Oligocene and Miocene ZFT ages and the absence of Late Cretaceous to 
Paleocene exhumation (e.g. Mora et al., 2019). Farther north in the 
Santander massif ZFT ages between 40 and 65 Ma have not been re-
ported, in this region, most ZFT ages are Lower Cretaceous and Jurassic 
(Amaya et al., 2017; van der Lelij et al., 2016). 

ZHe ages from the basement of the Northern Andes are more scarce. 
Available data include ages between 60 and 40 Ma in the northern 
segments of the Central and Eastern Cordilleras of Colombia (Fig. 5A), 
one Oligocene basement age from the WC of Colombia, and one Miocene 
age from the southern segment of the CC of Colombia (Caballero et al., 
2013; Noriega-Londo~no et al., 2020; Villag�omez and Spikings, 2013). 
Despite the lack of spatial and temporal resolution of the available ZFT 
and ZHe data in several segments of Northern Andes (e.g. CC between 
~2 and 5 �S), some provinces show distinctive ZFT and ZHe age pop-
ulations that have the potential to refine the links between sedimentary 
basins and source areas along the Northern Andes. 

Herein, we compare the thermal evolution of the basement blocks 
and the adjacent sedimentary successions to reconstruct Cretaceous to 
Cenozoic extensional and compressional settings in the Western 
Colombian Andes. ZFT and ZHe dating was used to interpret long-term 
thermal histories as a response to different tectonic settings. We sampled 
basement and sedimentary rocks located in different tectonic blocks 
along an ~ E-W segment between the CC and WC. This sampling design 
allowed us to compare the Mesozoic and Cenozoic thermal evolution of 
the basement and the associated basins in different structural positions. 
The zircons analyzed in this study are aliquots from samples with pub-
lished U–Pb zircon ages (Cardona et al., 2019; Pardo-Trujillo et al., 
2020; Zapata et al., 2019a). 

4. Methods 

4.1. Zircon fission-track (ZFT) methods and procedures 

The ZFT method is based on the quantification ’of damage to the 
crystal lattice (tracks) that results from the spontaneous fission of 238U. 
Estimates of the closure temperature for the ZFT system depend on 
cooling rates, these temperatures vary between ~200 �C and 240 �C for 
field-based studies (Bernet, 2009; Brandon et al., 1998; Zaun and 
Wagner, 1985) to up to 350 �C for laboratory-based studies (Tagami 
et al., 1998; Yamada et al., 2007), the differences being ascribed to the 
effect of radiation damage (Bernet, 2009). 

Sample preparation was performed at the Low-Temperature 

Thermochronometry (LabTer), at the Institute of Energy and Environ-
ment (IEE) at the University of S~ao Paulo (USP). From each sample, 
three zircon aliquots were mounted in PTFE sheets following the multi- 
mount technique (Naeser and Faul, 1969), polished, and then etched 
using in a eutectic solution of KOH: NaOH at a temperature of 228 �C 
(Gleadow et al., 1976) for times varying between 12 and 20 h. 

After etching, the aliquots and CN-1 dosimeter glasses were covered 
with U-free mica sheets and irradiated with thermal neutrons at the IEA- 
R1 research reactor, IPEN-University of S~ao Paulo, using an irradiation 
fluency of 5E14 n/cm2. Subsequently, mica detectors were etched for 40 
min at 21 �C with 40% HF to reveal induced tracks. All samples were 
analyzed at the LabTer at the IEE-USP using an Olympus BX51 optical 
microscope with a magnification of 1600X and the FT-Stage system 
(Dumitru, 1993). Age calculations were made using a zeta factor of 
135.1 � 3.0 (Pati~no, A.). 

A minimum of 20 grains were analyzed to calculate each bedrock age 
and around 100 grains for detrital samples. The ZFT age distributions 
were tested using the chi-squared statistical to evaluate if they represent 
a unique population (Galbraith and Laslett, 1993; Green, 1981). When P 
(χ2) was higher than 5%, cooling ages are considered to be part of the 
same age population. For detrital samples, we extracted the main age 
population peaks using the binomial peak fitting method (Galbraith and 
Laslett, 1993) and the BINOMFIT software (Brandon, 1996). ZFT data is 
presented in Table 1 and individual grain counts in Table S3. 

4.2. Zircon U–Th/He (ZHe) method and procedures 

ZHe thermochronology exploits the thermally activated accumula-
tion of He in the mineral lattice of zircons resulting from the alpha decay 
of 238U, 235U, 232Th, and 147Sm to 206Pb, 207Pb, 208Pb, and 143Nd, 
respectively. In zircon, helium can be retained within the mineral lattice 
at temperatures between 140 �C and 220 �C, which is called the zircon 
partial retention zone (ZPRZ), depending on the crystal’s radiation 
damage (Guenthner et al., 2013). Radiation damage effects can be 
spotted by identifying a correlation between single grain ZHe ages and 
effective uranium content (eU ¼ [U]þ0.235[Th]). To assess 
intra-sample dispersion, we consider ages to be reproducible when the 
1σ S.D. is <20% of the mean age (Flowers, 2009; Flowers and Kelley, 
2011). 

Measurements of parent and daughter nuclides in zircon grains were 
performed at Arizona University following the protocol presented in 
Reiners (2005). Tetragonal crystals with prism widths of at least 70 μm 
were hand-picked, photographed, and packed in individual Nb foils. 
Each foil packet was directly heated using a 10 nm focused beam of 
1064-nm Nd-YAG laser for 15 min extraction intervals. U and Th nu-
clides in degassed zircons were measured by isotope dilution and solu-
tion ICP-MS. Detailed lab procedures are described in Zapata et al. 
(2014). 

4.3. U–Pb zircon geochronology 

We performed zircon U–Pb dating on zircon grains from one sample 
for single grain provenance from the Amag�a Formation The Laser 
Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) 
U–Pb analyses were conducted at Washington State University using a 
New Wave Nd:YAG UV 213-nm laser coupled to a Thermo Finnigan 
Element 2 single collector, double-focusing, magnetic sector ICP-MS. 
Operating procedures and parameters were similar to those of Chang 
et al. (2006). Laser spot sizes and repetition rates were 30–20 μm and 10 
Hz, respectively. U and Th concentrations were monitored by comparing 
to NIST 610 trace element glass. Only the cores of the grains were 
analyzed to avoid complex zircon histories (Gehrels et al., 2006). We 
obtained 103 ages, from these we rejected data with concordance per-
centages below 90 and above 110% (n ¼ 14). The concordant data were 
used to obtain the main age populations employing the software Isoplot 
R (Vermeesch, 2018). Analytical results are presented in Table S4. 
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5. Results 

We obtained ZFT and ZHe data from three samples from the meta-
morphic and igneous basement of the CC and the RFZ, including ZHe 
and ZFT data from the Permo-Triassic Abejorral gneiss (SZ-001), ZFT 
data from the Permo-Triassic P�acora stock (SL-057), and ZFT data from 
the Late Cretaceous Aguadas Porphyry (DM-056). We obtained ZHe data 
from one sample from the Abejorral Formation from the CC and one 
sample of the Quebradagrande Complex from the RFZ (SZ-018 and JPC- 
013, respectively). Finally, detrital ZFT data were derived from two 
samples of the Penderisco Formation from the WC, one sample of Abe-
jorral Formation from the RFZ, and one sample of the Amag�a Formation 
from the RFZ. U–Pb geochronology was performed on zircon grains from 
the Late Oligocene-Middle Miocene Amag�a Formation in the RFZ (Fig. 1, 
Table S1). 

5.1. Thermochronology 

5.1.1. Permo-Triassic rocks (RFZ) 
We performed ZFT dating on 23 zircon grains from a sample from the 

P�acora Stock (SL057), which is located in the western limit of the RFZ 
(Fig. 1). This sample has individual ages between 162.3 Ma and 308.7 
Ma with U content between 83.6 ppm and 325.2 ppm. The age distri-
bution has a central age of 239.0 � 11.0 Ma, with a P (χ2) value of 0.20 
(Table 1; Fig. 3A). We performed ZFT dating on 27 zircon grains from 
one sample from the Abejorral Gneiss (SZ-001), which is located in the 
eastern segment of the RFZ (Fig. 1). This sample exhibits individual ZFT 
ages between 75.9 Ma and 143.3 Ma, with U content between 78.0 and 
307.2 ppm. The age distribution has a central age of 111.1 � 4.3, with a 
P (χ2) value of 0.09 (Table 1; Fig. 3A). From sample SZ-001, we obtained 
four reproducible ZHe single grain ages with a mean age of ~50 Ma, the 
ESR values vary between 33.9 μm and 40.7 μm and eU values are be-
tween 126.1 ppm and 517.7 ppm (Table 3; Fig. 3D). 

5.1.2. Aguadas Porphyry (CC) 
We performed ZFT dating on 20 single grains from a sample from the 

Aguadas Porphyry (DM056), which is located east of the San Jer�onimo 
Fault in the western flank of the CC (Fig. 1). This sample has single grain 
ZFT ages between 46.8 Ma and 85.2 Ma, with U content between 51.7 
ppm and 139.4 ppm. The age distribution has a central age of 64.6 � 2.9 
Ma, with a P(χ2) value of 0.30 (Table 1; Fig. 3A). 

5.1.3. Abejorral Formation (CC and RFZ) 
We performed detrital ZFT dating on 99 grains from a sandstone 

sample from the Abejorral Formation (SL046), which was collected in 
the western segment of the RFZ (Fig. 1). This sample has single grain ZFT 
ages between 83.6 Ma and 961.9 Ma, with uranium content between 
26.4 ppm and 342.1 ppm, and data dispersion of 40%. This sample 
preserves detrital ZFT signatures with age peaks at 128.2 Ma, 268.1 Ma, 
and 511.6 Ma (Table 2; Fig. 3B and C). ZHe dating was performed on an 
andesitic lava sample (SZ-018) from the Upper Abejorral Formation, 
collected in the western flank of the CC, east of the San Jer�onimo fault 
(Fig. 1). We obtained four reproducible ZHe single grain ages, with a 
mean age of ~50 Ma. ESR values are between 39.4 μm and 101.9 μm and 
eU values are between 61.7 ppm and 140.6 ppm (Table 3, Fig. 3D). 

5.1.4. Quebradagrande Complex (RFZ) 
We performed ZHe dating on four zircon grains from andesitic lava 

from the Quebradagrande Complex (JPC013) located within the RFZ. 
ZHe single grain ages are reproducible and have a mean age of ~57 Ma, 
with ESR values between 44.5 μm and 63.3 μm, and eU values between 
216.7 and 485.6 ppm. Despite age reproducibility, single grain ZHe ages 
exhibit a positive correlation with the eU values (Table 3; Fig. 3D). 

5.1.5. Penderisco Formation (WC) 
We dated two sandstone samples from the Penderisco Formation Ta
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Fig. 3. Results of the ZFT and ZHe thermochronology. A) Bedrock ZFT ages, color code denotes single grain uranium content. B) ZFT detrital ages, color code denotes 
single grain uranium content and dash lines represent each age population. C) ZFT detrital ages, red line denotes the probability distribution and the blue lines the 
modeled age peaks (Binomfit). D) Age vs eU plots of the single grain ZHe ages, dot size indicates the equivalent spherical radius (ESR). Dash lines, separate corrected 
and uncorrected ages. Radial plots were made with RadialPlotter program of Vermeesch (2009). (For interpretation of the references to color in this figure legend, the 
reader is referred to the Web version of this article.) 
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(JM027 and JM050). These samples were collected west of the RFZ. 
From sample JM027, we dated 95 single zircon grains and obtained ages 
between 40.4 Ma and 487.7 Ma, uranium content is between 34.2 ppm 
and 410.4 ppm, and data dispersion of 50%. There are four distinct age 
populations at 71.6 Ma, 132.8 Ma, 209.2 Ma, and 377.9 Ma (Table 2; 
Fig. 3B and C). From sample JM050, we performed ZFT thermochro-
nology on 100 single zircon grains, and the ages range between 30.7 Ma 
and 308.0 Ma, with uranium content between 45.5 ppm and 421.6 ppm, 
and data dispersion of 46%. There are three distinct age populations at 
57.1, Ma, 104.3 Ma, and 201.8 Ma (Table 2; Fig. 3B and C). 

5.1.6. Amag�a Formation (RFZ) 
ZFT thermochronology on 94 single grains from a sandstone sample 

from the Amag�a Formation (AP-022) produced single grain ages be-
tween 21.2 Ma and 358.0 Ma, with uranium content between 20.0 and 
271.9 ppm, and data dispersion of 45%. There are four distinct age 
populations at 41.8 Ma, 70.1 Ma, 144.9 Ma, and 335.2 Ma (Table 2; 
Fig. 3B and C). 

5.2. U-PB Zircon geochronology 

The sandstone sample from the Amag�a Formation yielded ages that 
range between 78.7 Ma and 147.8 Ma, with age peaks at ~81 Ma, 86 Ma, 
111 Ma, and 148 Ma (Fig. 4A). Analyzed zircons have subhedral and 
anhedral shapes with lengths between 100 and 300 μm and wide/length 
ratio of 2:3. The predominant internal texture of zircons are homoge-
neous and faint zoning; inheritance cores are absent. 

6. Discussion 

6.1. Thermal and tectonic evolution of the Cretaceous sedimentary basins 

The two ZFT ages from Permo-Triassic granitoids in the RFZ suggest 
contrasting thermal histories. In the west, the Triassic ZFT age from the 
P�acora Stock (239.0 � 11.0 Ma) is only 20 Ma younger than the U–Pb 
age (260.5 � 4.7 Ma in Zapata et al., 2019a) (Figs. 3A and 5A), which 
reflects post-magmatic cooling or/and exhumation during the Triassic. 
In contrast, ZFT ages from the Abejorral Gneiss along the eastern RFZ 
reveal Cretaceous cooling at ~111 Ma. Lower Cretaceous detrital ZFT 
ages are present in the Abejorral Formation within the RFZ, sample 
SL046 has an age population of 128.2 Ma, which is slightly older than 
the stratigraphic age of this unit (Fig. 5A) (~125–100 Ma in Zapata 
et al., 2019a). This ZFT age population correlates with the volcanism 
coeval with the deposition of the Abejorral Formation between 125 and 
100 Ma, (Zapata et al., 2019a). This age population may also be the 
result of the Cretaceous exhumation between 150 and 110 Ma docu-
mented in the Abejorral Gneiss and the Amag�a Stock (Saenz, 2003) 
(Fig. 5A). However, this interpretation would require fast exhumation 
rates to transport rocks from below the ZPAZ to the surface in less than 
~20 Ma. 

The ZFT age peak at ~268 Ma in the Abejorral Formation (SL-046) is 
similar to the ZFT age obtained in the P�acora stock (239.0 � 11 Ma) and 
the U–Pb zircon ages from the Abejorral Gneiss and the P�acora Stock 
(Fig. 5B) (Vinasco et al., 2006; Zapata et al., 2019a). These results 
suggest that the levels above the ZPAZ in the P�acora Stock and the 
Abejorral Gneiss were source areas for the sediments accumulated in the 
Abejorral Formation during the Cretaceous. This interpretation is 
consistent with published provenance studies from the Abejorral For-
mation, which based on U–Pb geochronology and heavy minerals have 
suggested that the P�acora Stock and the Abejorral Gneiss were part of 
their source areas (Le�on et al., 2019; Zapata et al., 2019a). 

Early Cretaceous ZFT data from the CC have been interpreted as 
products of deformation and exhumation promoted by the collision of an 
intra-oceanic volcanic arc (Quebradagrande Complex) with the conti-
nental margin (Spikings et al., 2015; Villag�omez et al., 2011b). How-
ever, as discussed in detail in Zapata et al. (2019a), the stratigraphy and Ta
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the associated volcanism of the Abejorral Formation have more affinity 
with the development of a back-arc basin. Zapata et al. (2019a) and Le�on 
et al. (2019) interpreted the Abejorral Gneiss as a horst block part of the 
Cretaceous back-arc basin, an interpretation based on the provenance of 
the Abejorral Formation, the associated volcanism, and the structural 
position of this unit. Moreover, new geochronology and geochemistry 
from the Quebradagrande Complex have conducted to new in-
terpretations, in which these volcanic rocks were formed in the conti-
nental margin during the Late Cretaceous (Jaramillo et al., 2017; Zapata 
et al., 2019a). Therefore, the ZFT age of sample SZ-001 (~111 Ma) can 
be interpreted as a result of a footwall exhumation instead of collision 
(Fig. 6 A, B). Early Cretaceous Ar–Ar ages (127–100 Ma) from shear 
zones within the RFZ were previously interpreted as the age of defor-
mation of several faults within the RFZ (Vinasco and Cordani, 2012). 
These ages were likely the expression of normal faulting and/or hy-
drothermal activity related to the magmatism recorded in the Abejorral 
Formation. 

The Paleogene to Eocene ZHe data from the Abejorral Formation (SZ- 

018) and the Quebradagrande Complex (JPC-013) suggested that the 
RFZ and the western segment of the CC experienced temperatures above 
ZPRZ ~150 �C during the Late Cretaceous to Paleocene, these temper-
atures were required to fully reset ZHe ages after the accumulation of 
these units (Guenthner et al., 2013; Reiners, 2005). Based on the 
b-parameter of illite, Le�on et al. (2019) suggested Early Cretaceous 
geothermal gradients between 25 and 35 �C/km. We used these 
geothermal gradients and a mean annual surface temperature of 15 �C to 
estimate that samples SZ-018 and JPC13 were overlain by at least ~4–5 
km of Late Cretaceous to Early Paleocene strata. These findings sug-
gested that the Late Cretaceous to Paleocene sedimentary strata could 
have been thicker than the strata preserved in the CC and the RFZ, which 
have been estimated at maximum values of ~2 km (G�omez-Cruz et al., 
1995; Gonz�alez et al., 1988). Since the ZFT ages from sample SL046 
were not reset, maximum burial temperatures never exceeded ~260 �C 
and thus, the sedimentary cover overlying these samples did not exceed 
10 km. In this region deformation started around 90 Ma (Zapata et al., 
2019a), thus, another plausible explanation is that crustal shortening 

Table 3 
ZHe data.  

Sample Tectonic 
Block 

Unit Th 
(ppm) 

U 
(ppm) 

He 
(nmol/g) 

ESR 
(μm) 

eU 
(ppm) 

Raw age 
(Ma) 

Corrected Age 
(Ma) 

1σ 
(Ma) 

Mean age 
(Ma) 

SZ-001 RFZ Abejorral Gneiss 60.7 503.4 110.3 39.4 517.7 39.4 47.5 0.7  
46.1 115.3 24.7 36.2 126.1 36.2 48.6 0.7  
96.9 297.7 70.6 40.7 320.5 40.7 55 1.1  
102.4 356.7 69.7 33.9 380.7 33.9 49 0.7 50.025 

SZ-018 CC Abejorral Fm. (andesitic lava) 61.65 166.4 42.5 101.9 180.9 43.4 49.6 1  
30.69 64.1 14.3 39.4 71.4 37 53.2 1  
28.04 81.4 17.2 48.4 88 36.2 48.4 1  
25.49 73.8 16.3 56.1 79.8 37.8 48.4 1 49.9 

JPC- 
013 

RFZ Quebradagrande Complex 
(andesitic lava) 

106.32 220.3 57.9 43.6 245.2 43.6 55.1 0.7  
93.41 194.8 48.3 41.2 216.7 41.2 51.3 0.7  
214.76 435.1 113.5 43.2 485.6 43.2 59.4 1.1  
245.92 374 106 45.3 431.8 45.3 62 0.8 56.95 

Sample coordinates are presented in Table S1. 
1 Equivalent spherical radius. 
2 eU ¼ [U]þ0.235[Th], effective uranium content. 

Fig. 4. A) U–Pb detrital zircon ages acquired in sample AP022 from the Amag�a Formation. B–C) U–Pb detrital zircon ages acquired in the Penderisco Formation, 
modified from Pardo-Trujillo et al. (2020). U–Pb detrital zircon ages acquired in the Abejorral Formation, modified from Zapata et al. (2019a). E) Comparison of the 
cumulative probability curves. 
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Fig. 5. A) Comparison between the ZFT data, zircon U–Pb age populations from the northern segments of the Romeral Fault Zone (RFZ), Central Cordillera (CC), and 
Western Cordillera (WC). U–Pb ages older than 600 Ma are not included because they don’t overlap with the ZFT ages. Stars denote the data presented in this 
contribution. B) Topography of the studied section and one additional section located in a similar structural position farther north, available ZFT and ZHe are 
presented for each section, location is presented in Fig. 1. 
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Fig. 6. Schematic model for the tectonic evolution of the study area. Paleogeography on the left panel is modified from Zapata et al. (2019a). The vertical scale was 
constructed using a thermal gradient of 30 �C/km (Le�on et al., 2019). Light blue dashed lines denote the Zircon Partial Retention Zone (ZPRZ) and the Zircon Partial 
Annealing Zone (ZPAZ). Black squares denote the samples presented in this contribution. (For interpretation of the references to color in this figure legend, the reader 
is referred to the Web version of this article.) 
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increased the structural thickness above the Early Cretaceous strata 
(Fig. 6C). 

6.2. Basin inversion and collision of the Caribbean Plateau 

Our results documented two periods of cooling between the Late 
Cretaceous and the Eocene. ZHe ages between ~51 and 62 Ma from 
Sample JPC-013 from the Quebradagrande Complex suggest cooling 
below 150 �C during the Paleocene. The two aliquots with the highest eU 
values (>400 ppm) exhibited overlapping ages around 60 Ma, likely 
reflecting an increase in helium retentivity associated with radiation 
damage effects (Guenthner et al., 2013). In consequence, these older 
high eU ages recorded earlier stages of cooling within the RFZ. The two 
aliquots with relatively low eU values reflected a later stage of cooling 
around 51 Ma (Figs. 3D and 5A). East of the San Jer�onimo Fault, ZFT 
data from the Aguadas Porphyry (DM-056) suggest cooling at ~65 Ma. 
This age together with the reported Late Cretaceous ZFT (Montes, 2007; 
Saenz, 2003) suggests that exhumation started in the Late Cretaceous in 
the CC, east of the San Jer�onimo Fault (Figs. 5A and 6D). 

Late Cretaceous to Paleocene cooling in the RFZ and the CC was 
coeval with the collision of the Caribbean oceanic plateau with the 
South American margin (Montes et al., 2019; Spikings et al., 2015; 
Villag�omez et al., 2011b). Therefore, the Late Cretaceous to Paleogene 
cooling can be related to the inversion of the Cretaceous basins and the 
exhumation of the basement of the CC during such collision. The 
removal of the easily erodible Cretaceous sedimentary strata may have 
facilitated the fast exhumation of these units (Sobel and Strecker, 2003; 
Zapata et al., 2019b). East of the San Jer�onimo Fault, on the western 
flank of the CC, ZHe data of the Abejorral Formation (SZ-018) suggest 
cooling at ~50 Ma (Fig. 5B). This cooling suggests ongoing exhumation 
associated to compression during the Eocene, after the collision of the 
Caribbean plateau. 

We have integrated two different transects from the western flank of 
the CC, which included published ZFT and ZHe ages (Montes et al., 
2015; Noriega-Londo~no et al., 2020; Saenz, 2003; Villag�omez and 
Spikings, 2013), and new data in this study (Fig. 5B). In these transects, 
west of the San Jer�onimo Fault, the Abejorral Gneiss (Sample SZ-001), 
P�acora Stock (Sample SL-057), and Amag�a Stock (Saenz, 2003) exhibit 
ZFT ages older than ~110 Ma. In contrast, east of the San Jer�onimo 
Fault, ZFT ages are between 65 and 50 Ma (Figs. 1 and 5B). In these 
transects, youngest ZFT ages are located at higher elevations, in the 
hanging wall of the San Jer�onimo. This difference in the ZFT ages sug-
gests differential exhumation between the foot and hanging wall of the 
San Jer�onimo Fault. These differences in ZFT ages required at least ~3 
km of more rock uplift east of the San Jer�onimo Fault to transport rocks 
trough the ZPAZ (~350 �C–250 �C) during the Paleocene. Tectonic rock 
uplift in the hanging wall of the San Jer�onimo Fault promoted erosion 
and, thus, the exhumation of the CC basement. Exhumation along the 
San Jer�onimo Fault continued during the Paleogene, as suggested by 
Eocene ZHe ages in the core of the Cordillera (Montes et al., 2015; 
Noriega-Londo~no et al., 2020; Saenz, 2003). 

These results indicate that the San Jer�onimo Fault accommodated 
most of the Paleogene compression and controlled the onset of the uplift 
of the CC. During the Paleogene, the upper segments the Late Cretaceous 
volcanic arc were fully eroded and thus deeper crustal levels such as the 
Aguadas Porphyry and the Antioquia Batholith were exposed (Fig. 6E 
and F). The less Paleogene exhumation in the footwall of the San 
Jer�onimo Fault (RFZ) favored the preservation of older ZFT ages and the 
volcanoclastic rocks of the Quebradagrande Complex, which constitutes 
the more superficial levels of the Late Cretaceous volcanic arc that 
formed the Antioquia Batholith (Fig. 6C). Therefore, the Quebrada-
grande Complex could have been the surface expression of the plutonism 
that formed the Antioquia Batholith. 

Samples JM-027 and JM-050 from the Late Cretaceous-Paleocene 
Penderisco Formation were collected in different structural positions 
across the strike of the WC (Fig. 1). These samples produced U–Pb 

maximum depositional ages of 79.4 � 0.8 Ma and 72.9 � 0.8 Ma, 
respectively (Fig. 4B and C) (Pardo-Trujillo et al., 2020). Sample JM-027 
yielded similar ZFT and U–Pb maximum depositional ages (ZFT: ~71 
Ma, U–Pb: ~80 Ma), suggesting a Late Cretaceous accumulation of this 
unit. In contrast, the younger ZFT age population peak from the age 
distribution of sample JM-050 (57.7 Ma) was significantly younger than 
the U–Pb maximum depositional age. A plausible explanation is that this 
younger population is the result of partial resetting, this would imply a 
thick sedimentary cover and/or high thermal gradients. However, this 
sample does not show a clear relation between young ZFT ages and high 
uranium content (Fig. 3B), which can be an indicator of partial resetting 
due to lower resistance to annealing of grains with radiation damage 
effects (Bernet et al., 2009). Moreover, the thickness of the Penderisco 
Formation is not constrained and the relative position of the samples 
before deformation is unknown. Thus, we favor the interpretation in 
which some segments of the Penderisco Formation were deposited 
during the Late Paleocene-Eocene (Pardo-Trujillo et al., 2020). The lack 
of Paleocene U–Pb zircon ages in sample JM-050 (Fig. 4C) would suggest 
that these Paleocene ZFT ages were more likely to be the result of the 
documented Paleocene exhumation of the CC rather than Paleocene 
volcanism. 

The maximum ZFT depositional ages of both samples (57.1 Ma and 
71.6 Ma) are consistent with the Late Cretaceous to Eocene cooling and 
magmatic events documented in the RFZ and the CC (Fig. 5A). Both 
samples have Cretaceous ZFT age populations of 104 Ma and 133 Ma 
and older Triassic populations of ~202 Ma and 209 Ma (Fig. 3C), which 
were characteristic of the CC and the RFZ (Fig. 5A). Thus, we have 
interpreted the Penderisco Formation as a sedimentary succession 
accumulated during the deformation and progressive unroofing of the 
RFZ and the CC during and after the collision with the Caribbean 
Plateau. Furthermore, during the Paleocene, the CC was a positive relief 
feature and constituted the main source area of the Penderisco Forma-
tion This conclusion agrees with previous interpretations and prove-
nance data presented by Pardo-Trujillo et al. (2020). 

6.3. Late eocene to miocene, the formation of an intermountain basin 

Oligocene to Eocene apatite fission-track (AFT) ages suggest that 
during this time interval the CC continued cooling (Noriega Londo~no, 
2016; Villag�omez and Spikings, 2013). Moreover, the absence of Eocene 
sediments suggests that the RFZ and the CC remained as positive ele-
ments during this time interval. Eocene to Oligocene ZFT and AFT ages 
from the WC may represent the onset of rock uplift in the WC and thus 
the formation of an intermountain basin in the RFZ (Le�on et al., 2018; 
Villag�omez and Spikings, 2013). 

The U–Pb age populations at 81 Ma and 86 Ma in a sandstone from 
the Amag�a Formation (Fig. 4A) coincided with magmatic crystallization 
ages from volcanic and plutonic lithologies associated with the Que-
bradagrande Complex (Jaramillo et al., 2017; Montes et al., 2019). The 
age population peak at ~111 Ma coincided with the crystallization ages 
of magmatic rocks from the Abejorral Formation (Fig. 5A; Zapata et al., 
2019a). Relatively old maximum depositional ages in the study area are 
similar to the ages reported in the basal levels of the Amag�a Formation 
farther north (Lara et al., 2018b), which suggest deposition before the 
onset of Miocene volcanism. ZFT cooling signatures suggested deposi-
tion after ~42 Ma for this segment of the Amag�a Formation. This 
younger age population was likely related to exhumation and/or mag-
matism during the onset of deformation in the WC (Figs. 5A and 6F) 
(Le�on et al., 2018). The ZFT age peak at ~70 Ma was probably sourced 
from the Late Cretaceous magmatism preserved in the CC and the RFZ, 
and/or the deformation and erosion of the Penderisco Formation in the 
WC (Fig. 5A). The ZFT age peak at ~145 Ma was sourced either from the 
Penderisco Formation and/or the Lower Cretaceous horst remnants 
preserved within the RFZ. We interpreted that the strata from the Amag�a 
Formation preserved in the study area was sourced from both WC and 
CC. The accumulation of this unit marks the onset of sedimentation after 

S. Zapata et al.                                                                                                                                                                                                                                  



Journal of South American Earth Sciences 103 (2020) 102715

13

the formation of an intermountain basin (Fig. 6F). Farther north within 
the RFZ, the Amag�a Formation exhibit ZFT ages between 60 and 10 Ma, 
younger ages are the result of Miocene magmatism in younger segments 
of the Amag�a Formation while Late Cretaceous to Eocene was sourced 
from the both CC and WC. 

6.4. Implication for the tectonic evolution of the Northern Andes 

Our results agreed with the initial observation made by Zapata et al. 
(2019a) based on U–Pb data, herein, despite the Cretaceous to Cenozoic 
strike-slip deformation along NW South American, major kilometric 
strike-slip displacements are not necessary to explain the detrital ZFT 
ages from the Cretaceous to Miocene sedimentary units from the WC, the 
RFZ, and the CC (Fig. 5A). In our data set, Paleocene to Eocene ZFT ages 
characteristic of the CC are present in all detrital ZFT age distributions 
from Cretaceous to Miocene sedimentary units in the RFZ and the WC, 
suggesting that these tectonic blocks remained connected between the 
Cretaceous and Miocene. Therefore, plate scale kilometric fault dis-
placements are not necessary to explain the tectonic evolution of these 
units. We acknowledge that the lack of thermochronological data in the 
southern segment of the CC is a limitation for the interpretation of our 
data and more precise correlations. 

The Late Cretaceous to Cenozoic uplift and deformation of the CC 
promoted the erosion of the overlying sedimentary cover and upper 
crustal levels. The absence of stratigraphic makers within this mountain 
range has difficulted the correlation with the adjacent tectonic blocks 
and difficulted the reconstruction of vertical fault displacements. This 
study shows how combined bedrock and detrital thermochronology can 
constraint thick-skin deformation in basement rocks older than the 
deformational phases. Similar approaches to understand thick-skin 
deformation have been successfully conducted in other segments of 
the Andes, such as the Sierras Pampeanas and the Eastern Cordillera of 
Colombia (e.g. L€obens et al., 2013; Nem�cok et al., 2013; Zapata et al., 
2020). 

The San Jer�onimo fault has been suggested as a major terrane 
boundary in the Northern Andes (Restrepo and Toussaint, 2020, 1988). 
However, several authors have shown that the Quebradagrande Com-
plex has a magmatic record coeval with the emplacement of the Anti-
oquia Batholith (Jaramillo et al., 2017; Zapata et al., 2019a). Our study 
has documented the differential exhumation of the blocks east and west 
of the San Jer�onimo Fault, which suggests that Cenozoic rock uplift and 
exhumation focused on the CC. Consequently, we propose that the 
metamorphic and igneous basement of the CC represents a deep crustal 
section of the Late Cretaceous volcanic arc. In contrast, west of the San 
Jer�onimo fault, the volcanoclastic rocks from Quebradagrande Complex 
represent the remnants of the upper segment of the same volcanic arc; 
these volcanoclastic rocks were preserved due to the relatively lower 
exhumation of Cenozoic exhumation within the RFZ. Therefore, be-
tween 5 and 7 �N the San Jer�onimo Fault does not represent a major 
terrane boundary. The Cauca-Almaguer Fault represents a terrane limit 
between the Caribbean Plateau and the continental margin. However, 
the provenance of the Penderisco Formation suggests that the CC and the 
WC remained connected after the collision (Pardo-Trujillo et al., 2020). 

This study does not neglect the presence of a strike-slip component in 
the San Jer�onimo and Cauca Almaguer Faults, which has been widely 
documented (Vinasco and Cordani, 2012). However, our model suggests 
that: (1) the San Jer�onimo fault accommodate significant vertical 
movement during the Cenozoic, (2) the WC, the RFZ, and the CC have 
been connected since the Early Cretaceous, and (3) no kilometric dis-
placements along the margin are necessary to explain the provenance of 
the sedimentary units in the study area or the presence of different 
crustal levels (e.g. volcanic vs plutonic) limited by such faults. Thus, 
major strike-slip displacements between these tectonic blocks can not be 
inferred from the available data. This conclusion does not preclude 
minor strike-slip displacements, which can not be inferred from 
basin-scale provenance or basement thermochronology. Our study 

highlights the importance of differential exhumation to define terrane 
limits and interpret the transgressional accretionary history of the 
Northern Andes. 

7. Conclusions 

This study presented new detrital and bedrock ZHe and ZFT ages for 
the units between the Central and Western Cordilleras. As a result, we 
have refined the thermal evolution of the Cretaceous basins that 
developed in the western segment of the Northern Andes. A thick 
volcano-sedimentary succession related to the formation of a Late 
Cretaceous volcanic-arc unconformably overlies the RFZ and the west of 
the CC. The San Jer�onimo fault, which has been interpreted as a major 
terrane boundary, it’s suggested to be the limit between two different 
segments of the same volcanic arc; this fault accommodated most of the 
Paleogene deformation and controlled the uplifting of the Central 
Cordillera, which was a positive relief element during the Cenozoic. 
Finally, the Amag�a Formation recorded the onset of Eocene to Oligocene 
sedimentation after the uplift of the Western Cordillera and the forma-
tion of an intermountain basin. 
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