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PETROLEUM GEOLOGY OF COLOMBIA
Geology and Hydrocarbon Potential

EASTERN CORDILLERA BASIN

ACPB, Amagá – Cauca - Patia
ATB, Atrato

CATB, Catatumbo
CAYB, Cayos

CPB, Caguan - Putumayo
CRB, Cesar - Ranchería

ECB, Eastern Cordillera
GUB, Guajira
LIAB, Llanos

LMB, Lower - Magdalena
MMB, Middle Magdalena

SIB - SJAB, Sinú – San Jacinto
SJUB,  San Juan

TUB, Tumaco
UMB, Upper Magadalena

URB, Urabá
VAB, Vaupés - Amazonas
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Figure 1.  Location map of the ECB.
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Figure 3.  Exploration history of the ECB.
Figure 4.  Tectonic evolution of the Eastern Cordillera. After Horton et al.  (2010a). 
Figure 5.  Regional cross-section through the Colombian Andes. showing the area of the ECB as a back arc basin in the Mesozoic.  
Figure 6. Schematic cross-section of the ECB showing the tectonic evolution since Mesozoic time. 
Figure 7.  Early Cretaceous ECB tectonic basin compartments.  
Figure 8.  Interpreted seismic sections in the Medina LlAB foothills area, along the eastern border of the Cundinamarca sub- basin. 
Figure 9. Geological map of an area of approximately 750 km2 along the western flank of the ECB, between the Salinas and Dos Hermanos Thrusts.
Figure 10. Schematic structural evolution of the western fold belt of the western foothills of the ECB. From Restrepeo-Pace et al. (2004).
Figure 11.  Initiation of contractional deformation in the ECB, MMB and Central Cordillera. Bars represent the maximum and minimum age estimates of 

deformation onset inferred from geological indicators of brittle deformation (black bars) and from thermocronometric data (gray bars). From 
Parra et al. (2009b).  

Figure 12. “Spatial and temporal variation in the position of the deformation front” of the Central Cordillera, MMB and ECB.From Parra et al. (2009b). (a 
and b): Present-day and retrodeformed structural section of the ECB after Mora et al. [2008]. (c) Rates of orogen propagation. 

Figure 13.  Results of an apatite fission track analysis (AFTA) conducted for 21 outcrop rock samples from the entire stratigraphic column –from Precam-
brian to Quaternary - of the Santander Massif in the ECB to the Nuevo Mundo Syncline in the MMB (From Duddy et al. 2009).

Figure 14. “Reconstructed spatial and temporal deformation pattern” interpreted by Mora et al. (2010). 
Figure 15.  Chronology of structural deformation of the western flank of the ECB through the MMB, based on thermochronology, growth strata and 

other indicators of deformation. From Gomez (2001).
Figure 16. 2D flexural models produced by the present topographic load of the ECB. Basement deflection and topography are in meters. Dots represent 

observed thickness of Middle Miocene to Recent deposits in meters. From Sarmiento-Rojas (2001)
Figure 17.  Regional stratigraphic Wheeler diagram of the ECB, MMB, LlAB and neighboring Basins. 
Figure 18. Maps illustrating ECB paleo-facies distribution during Cretaceous times, without palinspastic restoration. 
Figure 19.  Maps illustrating ECB paleo-facies distribution during Palaeogene time, without palinspastic restoration.  
Figure 20. Middle Miocene and Late Miocene paleo-facies map of the ECB and neighboring LlAB and MMB basins without palinspastic restoration. 
Figure 21. Three regional cross sections through the ECB and their restoration to the end of the Cretaceous. 
Figure 22. Structural domains of the ECB. These domains are approximately symmetrical from the central Sabana de Bogota-Tunja-Sogamoso axial 

region of the ECB.  From Repsol-YPF et al. (2002). 
Figure 23.  Regional deformed and restored Las Juntas – LlAB cross-section. 
Figure 24.  Location of two regional balanced cross sections through the LlAB (except its easternmost part) and the eastern flank of the ECB. From 

Bayona et al. (2008).
Figure 25.  (A) Northern and (B) central balanced and restored cross sections through the LlAB (except its easternmost part) and the eastern flank of the 

ECB.From Bayona et al. (2008). 
Figure 26.  Kinematic forward model for the central cross section through the LlAB (except its easternmost part) and the eastern flank of the ECB since 

the late Maastrichtian. From Bayona et al. (2008).
Figure 27.  Regional map view restoration of Neogene deformation of the ECB.From Sarmiento-Rojas (2001).
Figure 28.  Bouger gravity anomaly map of the ECB.From Graterol and Carson Aerogravity (2009).
Figure 29.  Total magnetic intensity reduced to the pole.
 From Graterol and Carson Aerogravity (2009). 
Figure 30.  Map to the top of the pre-Cretaceous basement. From Graterol and Carson Aerogravity (2009). 
Figure 31.  Structural domains of the ECB and location of seismic lines shown in figures 32 to 46.
Figure 32.  Interpreted seismic line of the Western foothills domain of the ECB. From Ecopetrol et al. (1998). Note the triangular zone filled with a duplex.
Figure 33.  Interpreted seismic line of the Western foothills domain of the ECB. Modified from Morales (2001, in Cordoba et al., 2001). 
Figure 34.  Interpreted seismic line of the Western foothills domain of the ECB. From Ecopetrol et al. (1998). Note several imbricated thrust faults.
Figure 35. Two interpreted seismic lines of the Western foothills domain of the ECB. From Ecopetrol et al. (1998).
Figure 36.  Interpreted seismic line of the Western foothills domain of the ECB. From Ecopetrol et al. (1998).

LIST OF ILLUSTRATIONS

Eastern Cordillera NVA DIAGRAM Correc.5 Abr20.indd   9 21/04/12   8:06



Figure 37.  Interpreted seismic line of the western inverted domain of the ECB and the western foothills of the ECB in the westernmost part of the sec-
tion. From Ecopetrol et al. (1998).

Figure 38.  Interpreted seismic line of the western inverted domain of the ECB. From Ecopetrol et al. (1998).
Figure 39.  Interpreted seismic section of the Central depressional domain in the Tunja area.
 From Ecopetrol et al. (1998).Numbers on the interpreted reflectors are approximate ages in M.a.  
Figure 40.  Interpreted seismic section of the Central depressional domain in the Laguna de Tota area. Numbers of the interpreted reflectors are ap-

proximate ages in M.a. From Ecopetrol et al. (1998).
Figure 41.  Interpreted seismic section of the Central depressional domain, east of the Soapaga reverse fault. Numbers of the interpreted reflectors are 

approximate ages in M.a.  Modified from Repsolet al. (2002).
Figure 42.  Two interpreted seismic lines of the Central depressional domain of the ECB. From Ecopetrol et al. (1998).
Figure 43.  Interpreted seismic line of the Eastern inverted domain and the Central depressional domain at its westernmost part. From Ecopetrol et al. 

(1998).
Figure 44.  Interpreted seismic line of the Central depressional domain of the ECB. From Ecopetrol et al. (1998).
Figure 45.  Interpreted seismic line of the Cusiana structure at the eastern LlAB foothills domain.Modified from Rojas (2002). 
Figure 46.  Interpreted seismic line from the Niscota area in the LlAB foothills domain. Modified from Rojas (2002). 
Figure 47.  Structural contour seismic interpretation maps at the top of Une and Guadalupe Fms. for the Tunja area, between Tunja and Paipa towns.

Modified from Repsol-YPF et al. (2002).
Figure 48. Structural seismic maps at the top of Une and Guadalupe Fms. for the Soapaga area, between Corrales and Sativanorte. Modified from 

Repsol-YPF et al. (2002). 
Figure 49. Structural contour seismic interpretation maps at the top of Une and Guadalupe Fms. for the Laguna area, between Pesca and Tasco.Modi-

fied from Repsol-YPF et al. (2002).
Figure 50.  Structural seismic map at the top of Une Fm. for the Tunja area, between Jenesano and Duitama. Modified from Repsol-YPF et al. (2002). 
Figure 51.  Structural seismic map at the top of Une Fm. for the area east of the Soapaga Fault, between Pesca and Sativanorte. Modified from Repsol-

YPF et al. (2002). 
Figure 52.  Regional stratigraphic section or Wheeler diagram of the ECB, MMB and LlAB neighboring Basins. 
Figure 53.  Map of organic richness (percentage of total organic content) for the Turonian-Coniacian potential source rock interval of a portion of the 

axial region of the ECB between Tunja and Sogamoso or Central depressional domain. Locally this map indicates good (>1% TOC) to very 
good (>2%TOC) organic richness. From Repsolet al. (2002).

Figure 54.  Present day thermal maturity maps for the two source rock intervals: the Aptian-Albian (Paja-Tablazo Fms. and lateral equivalents) and the 
Turonian-Coniacian (La Luna Fm. and lateral equivalents) of the ECB and MMB. 

Figure 55.  Regional cross section of the ECB and MMB with the structural domains of the ECB and maturity for the Turonian-Coniacian source rock 
interval (La Luna Fm. or lateral equivalents). 

Figure 56.  Maps of expelled hydrocarbon volume per unit area from the Aptian-Albian source rock during three time intervals: (1) between onset of 
expulsion and 50 M.a. (pre-Eocene and earliest Eocene,(2) between 50 and 16 Ma. (Eocene to early Miocene) and (3) between 16 Ma. and 
today (Post-early Miocene). From Garcia et al. (2003). 

Figure 57.  Maps of expelled hydrocarbon volume per unit area from the Turonian-Coniacian source rock (La Luna Fm. and lateral equivalents) during 
three time intervals (1) between onset of expulsion and 50 M.a. (pre-Eocene and earliest Eocene), (2) Between 50 and 16 Ma. (Eocene to 
early Miocene) and (3) Between 16 Ma. and today From Garcia et al. (2003). 

Figure 58.  Diagram showing the onset, peak and end of hydrocarbon expulsion times of Paja and Tablazo Fms. for areas and points where hydrocar-
bon generation and expulsion were modeled. Light blue area represents hydrocarbon expulsion time intervals in prospective sectors. Other 
white areas represent sectors without hydrocarbon generation.From Garcia et al. (2003).  

Figure 59.  Diagram showing the onset, peak and end of hydrocarbon expulsion times of the La Luna Fm. for areas and points where hydrocarbon gen-
eration and expulsion were modeled. 

Figure 60.  Facies, sand/shale ratio and thickness map of lower sequence A reservoirs of the Late Albian Cenomanian Une Fm. in the axial region of the 
ECB.From Repsol-YPF et al. (2002).

Figure 61.  Facies, sand/shale ratio and thickness map of middle sequence B reservoirs of the Late Albian Cenomanian Une Fm. in the axial region of the 
ECB.From Repsol-YPF et al. (2002).

Figure 62.  Facies, sand/shale ratio and thickness map of  upper sequence C reservoirs of the Late Albian Cenomanian Une Fm. in the axial region of the 
ECB.From Repsol-YPF et al. (2002).

Figure 63.  Porosity map of middle sequence B reservoirs of the Late Albian Cenomanian Une Fm. in the axial region of the ECB. From Repsol-YPF et al. 
(2002).

Eastern Cordillera NVA DIAGRAM Correc.5 Abr20.indd   10 21/04/12   8:06



Figure 64.  Facies, sand/shale ratio and thickness map of the reservoirs of the middle sequence B of the Santonian-early Campanian Arenisca Dura Fm. 
in the axial region of the ECB. From Repsol-YPF et al. (2002).

Figure 65. Facies, sand/shale ratio and thickness map of the highstand system tract reservoirs of the Maastrichtian Arenisca Tierna Fm. in the axial re-
gion of the ECB. From Repsol-YPF et al. (2002).

Figure 66.  Porosity map of the Maastrichtian Arenisca Tierna Fm reservoirs. in the axial region of the ECB.From Repsol-YPF et al. (2002).
Figure 67.  Une Fm. (in yellow) and Guadalupe Gp. (in orange) Plays, in the Central Depressional Structural Domain (Tunja-Sogamoso axial region of the 

ECB) where traps with these potential reservoir units were not affected by erosion. From Repsol-YPF et al. (2002). Plays in the Sabana de 
Bogota have not been mapped.

Figure 68.  Event chart for the Chipaque-Une-Guadalupe petroleum system of the ECB. Modified from Repsol et al.(2002).
Figure 69.  Une Formation Play Fairway of former Carrizal exploration block, located east of the Soapaga fault between Tota and Malaga. From Repsol-

YPF et al. (2002).
Figure 70.  Arenisca Dura Fm. Play Fairway of former Carrizal exploration block, located east of the Soapaga fault between Tota and Malaga. From 

Repsol-YPF et al. (2002).
Figure 71.  Arenisca Tierna Fm, Sandstone Play Fairway of former Carrizal exploration block, located east of the Soapaga fault between Tota and Malaga.
 From Repsol - YPF et al. (2002).
Figure 72.  Location of wells, and geochemical data for the Eastern Cordillera Basin.
Figure 73.  Events Chart for the petroleum systems of the Eastern Cordillera Basin.
Figure 74.  Modified Van-Krevelen diagram for the stratigraphic succession of the Eastern Cordillera Basin. Note that the Chipaque Formation contains a 

kerogen type II of marine origin.
Figure 75.  Maximum temperature (Tmax) vs hydrogen index (HI) diagram for the stratigraphic succession of the Eastern Cordillera Basin. Note that 

organic matter for most of the Cretaceous succession is mature.  
Figure 76.  Total organic carbon (%TOC) diagram vs genetic potential GP (S1+S2)] for the stratigraphic succession of the Eastern Cordillera Basin. Note 

that the Chipaque Formation reached values in the good to very good range.
Figure 77.  Geochemical assessment synthesis for the source rocks of the Eastern Cordillera Basin.
Figure 78.  Ternary diagram of crude oils for the Eastern Cordillera Basin. Note that extract and impregnation samples are rich in the NSO fraction, 

whereas for the Bolivar-1 well, saturates are the dominant fraction.
Figure 79.  Ternary diagram of normal esteranes for the extracts and crude oils of the Eastern Cordillera Basin. Note that the Cretaceous samples are 

mostly correlated to an algal marine environment, whereas the Cenozoic samples from the Socha and Guaduas Formations are mostly cor-
related to a terrestrial environment.

Figure 80.  Phytane n/C18 vs Pristane n/C17 diagram for the stratigraphic succession of the Eastern Cordillera Basin. Note that the most reducing  con-
ditions are present in the extracts of the Chipaque Formation. All samples show high biodegradation values.

Figure 81.  Pristane/Phytane vs Oleanane/C30 Hopane diagram for the stratigraphic succession of the Eastern Cordillera Basin. Note that samples cor-
relate with a sub-oxic siliciclastic to cabonatic environment. 

Figure 82.  δC13 Saturates vs δC13 Aromatics diagram for the crude oils, extracts, and seeps of the Eastern Cordillera Basin. Note that samples correlate 
with a marine environment. 

Figure 83.  Location profile of the pseudo-well along the seismic line BPSB-1988-06 of the Eastern Cordillera Basin.
Figure 84.  Burial depth curves for the stratigraphic succession of the Eastern Cordillera Basin. Note that the maximum burial depth occurred during the 

early Pliocene.
Figure 85.  Vitrinite reflectance (%Ro) profiles for selected Cretaceous units of the Eastern Cordillera Basin, through time. Note that the evaluated suc-

cession went through the oil generation window and reached the gas generation window. 
Figure 86. Hydrocarbon expulsion processes for the Eastern Cordillera Basin. Note that the expulsion process occurred from the Paleocene to Eocene 

interval.
Figure 87. Petroleum systems map for the Eastern Cordillera Basin. Note the depocenter at the top of the basement, the oil seeps, and the hypothetical 

area of influence of the petroleum systems. 

Eastern Cordillera NVA DIAGRAM Correc.5 Abr20.indd   11 21/04/12   8:06



Table 1. Exploratory A-3 wells in the ECB declared by ANH (2011) as “producers” for the period 2005 - 2011.
Table 2.  Number of exploratory A-3 and successful wells in the ECB declared by ANH (2011) as “producers” for the period 2005 - 2011. The calculated 

success rate for this period is 20%.
Table 3.  Summary of petrophysical properties of potential reservoir rocks from the ECB.
Table 4. Major geological risk factors associated to different trap types in some of the structural sub-domains of the Central depressional domain 

(Sabana de Bogota, Tunja-Sogamoso Axial Region) of the ECB. From Repsol-YPF et al. (2002).
Table 5. Summarizes some of the main properties obtained  from crude oil geochemical data obtained in Bolivar-1 and Corrales-1 well and oil seeps 

present in the basin.

TABLE LIST
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1 - INTRODUCTION

1.1 LOCATION

The Eastern Cordillera Basin (ECB) is the eastern branch of the 
Colombian Andes. It is bounded to the west by the Middle Magdalena 
Valley Basin (MMB), and to the East by the Llanos Orientales Basin (LlAB) 
Basin (Fig. 1). The structure of the ECB can be understood as the result of 
a Mesozoic extensional basin inverted during the Cenozoic.  The ECB is 
a slightly asymmetric mountain range with a more abrupt eastern flank. 
Its axial part is dominated by a wide 2.6 km high plateau.  The highest 
elevations of up to 4 km occur in the Sierra Nevada del Cocuy.

Outcrops of pre-Mesozoic igneous and metamorphic basement 
rocks occur in the northern and southern extremes of the mountain range 
bounded by regional strike-slip faults (Figs. 1 and 2):

1) The Santander and Floresta Masiffs to the north, bounded by the 
Bucaramanga-Santa Martha left-lateral strike-slip fault and

2) The Quetame and Garzon Massifs to the south bounded by the 
right-lateral strike-slip Altamira Fault.

Extensive outcrops of a thick succession of Lower Cretaceous 
sedimentary rocks occur along the flanks of the mountain range, which 
reveal three discrete Early Cretaceous extensional basin compartments 
(Figs. 1 and 2): 

1) The Cocuy rift sub-basin

2) The Tablazo rift sub-basin, separated from the Cocuy sub-basin by 
the Santander-Floresta paleo-high  in the northern ECB. 

3) The Cundinamarca rift sub-basin in the southern ECB. 

In contrast to the regional extent of Cretaceous outcrops, Cenozoic 
sedimentary rocks only occur at (Figs. 1 and 2): 

1) The axial zone of the mountain range along the Sabana de Bogota 
and the Tunja-Sogamoso region.  

2) The LlAB foothills, west of the LlAB, and the western foothills east 
of the MMB. 
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• EASTERN CORDILLERA

Figure 1. Location map of the ECB
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1 - INTRODUCTION

Figure 2. Geological map of the 
ECB. Modified from Geotec (2000).
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1 - INTRODUCTION

1.2 ExPLORATION HISTORY

Limited exploration has been carried out over the ECB (relative to 
other Colombian basins), which has traditionally been considered to be 
a frontier area for oil and gas. However, early in the year of preparation 
of this manuscript (2011), ANH reported two productive oil wells in the 
Buenavista block (some 70 km NE of Tunja, Boyaca), which rapidly increase 
the prospectivity of the central ECB (Fig. 3). Exploration started in 1948 
with the wildcat Tunja-1 drilled by International Petroleum (Intercol). The 
well drilled down to a total depth of 2128 m reaching Upper Cretaceous 
rocks, but was abandoned as dry.  After a period of inactivity in the 1950s, 
exploration resumed in 1963 when Texas Petroleum drilled the Suesca-1 
well, which reached 2534 m and bottomed out in Upper Cretaceous rocks. 
The well found oil and gas shows, but was abandoned as non commercial. 
In 1965, Texas Petroleum Company and the national oil company Empresa 
Colombiana de Petroleos (today Ecopetrol S.A.) acquired geophysical data 
including one seismic campaign and four gravity surveys.  As a result, Texas 
Petroleum drilled the exploratory wells Suba-1 (1964) and Suba-2 (1967), 
which reached down to 272 and 2740 m deep respectively, but were 
abandoned as dry holes.

In the 1970s, Ecopetrol acquired and interpreted 560 km (?) of 2D 
seismic, and in 1980 drilled the well Chitasuga-1 at a total depth of 3623 m 
in the Cretaceous with no oil shows reported.

In the 1980s, Ecopetrol, Cities Service, Eurocan Ventures, BP and 
Esso Colombiana conducted vigorous exploration activities independently. 
About 700 km of 2D seismic were acquired and three exploratory wells 
were drilled. The Bolivar-1 well drilled by Esso in 1980 penetrated 1125 m 
of sedimentary section reaching the Upper Cretaceous La Luna Fm., and 
tested 58 barrels of oil per day of 19 ° API. The Cormichoque-1 drilled by 
Eurocan in 1989 reached a total depth of 1526 m in Upper Cretaceous 
section with reported oil shows. In 1990 Intercol drilled the well Suesca 
Norte-1 at a depth of 2307 m in the Upper Cretaceous section and was 
abandoned without oil shows. Intercol also drilled this year the Corrales-1 
well at a depth of 1464 m with tar shows in the Upper Cretaceous. 

Between 1991 and 1998 Texas Petroleum, Ecopetrol, Occidental, 
Petrobras and Repsol conducted further exploration, encouraged by the 

Cusiana discovery in the adjacent foothills in 1992. About 1240 km of 2D 
seismic were acquired and two wildcat wells were drilled, neither of which 
encountered commercial amounts of hydrocarbons. The Manzanos-1 well 
drilled by Petrobras in 1998 (975 m), and the Tamauka-1 well drilled by 
Occidental in 1997 (1878 m) in the Isa anticline, found oil and gas shows 
but were abandoned.

In 2002 Nexen drilled the Atadero-1 well south of Bogota in 
sediments of the Upper Cretaceous (1919 m) with negative result. In 2007 
U. T. Omega Energy drilled Bochica-1 in the Buenavista block reported as 
a producer, with pending extensive production tests (ANH, 2011). Also in 
2007 Petrobras drilled the well Atalea-1 in the Boqueron Profundo block 
with negative results. In 2009 Ecopetrol drilled the wells Dalia-1 STG1 and 
Gibraltar-3ST1 (Profundo) on the Pechui and Siriri blocks respectively and 
Union Temporal Omega Energy drilled the well Proceres-1 in the Buenavista 
block. Except for Gibraltar, where a gas condensate discovery was made, all 
these three wells were dry. In 2010 Maurel & Prom Colombia BV drilled the 
Bachue-1 well in the Muisca block, Petrobras Colombia drilled Peregrino-1 
in the Guadual block, Tecnicontrol drilled Santander-1 in the Buenavista 
block and Ecopetrol drilled Torrontes-1 in the Pechui block. These four 
wells drilled in 2010 were dry. 

Recently in 2011 Tecnicontrol drilled the Corrales-1D well in the 
Buenavista block, following Intercol´s Bolivar-1discovery.  The well has 
been declared as a producer (ANH 2011). According to Pegasus Exploration 
S. A.’s (2011) webpage, two production tests from “Monserrate Formation” 
sandstones in the Corrales-1D well were positive.  The first test, at “5838’ – 
5842’ measured depth (MD) and 4034’ to 4049’ (MD) tested 1900” bbl oil 
per day (BOPD) of 23.2 ° API oil”. The second test, at “5835’ to 5838’ (MD) 
and 5818’ to 5828’ (MD), produced 2100 BOPD of 23.2 ° API oil.  Pegasus 
Exploration S. A. (2011) claims that the closure area of the Corrales-
1D discovery contains some 96.6 MBOE of recoverable reserves in the 
Monserrate Fm.  

For the period of time 2005-2011 (up to 31 of May 2011) out of 
10 exploratory A3 wells drilled, 2 have been declared by ANH (2011) as 
“producers” (Table 1), which result in an exploration success rate of 20.00% 
for this period. (Table 2)
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Figure 3. Exploration history of the ECB.
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Year Operator Contract well Basin STATUS

2007 U.T. Omega Energy Buenavista Bochica-1 ECB Producer pending exten-
sive pproduction tests

2011 Tecnicontrol Sa Buenavista Corrales-1D ECB Producer

Data from ANH (2011)

Table 1. Exploratory A-3 wells in the ECB declared by ANH (2011) as “producers” for the period 2005 - 2011.

Year Total A3 
wells

Successful A3 explora-
tion wells

% Success

2005 0 0

2006 0 0

2007 2 1

2008 0 0

2009 3 0

2010 4 0

2011 (May 31) 1 1

Total 10 2 20%

Data from ANH (2011)

Table 2. Number of exploratory A-3 and successful wells in the ECB declared by ANH (2011) as “producers” for the pe-
riod 2005 - 2011. The calculated success rate for this period is 20%.
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CHAPTER 2 - TECTONIC SETTING

The ECB can be neatly described as a Mesozoic extensional basin 
inverted during the Cenozoic (Sarmiento-Rojas, 2001, Figs. 4, 5, 6). The 
following general regional summary of the birth and evolution of the ECB 
has been largely taken from Sarmiento-Rojas (2001).  Greater detail may 
be found in more recent references (see references section).  

2.1. MESOzOIC RIFTING HISTORY 

Sarmiento-Rojas (2001) and Sarmiento-Rojas et al. (2006) performed 
backstripping analysis and forward modeling of 162 stratigraphic columns 
and wells of the ECB, LlAB, and MMB. These analyses show that the 
Mesozoic Colombian Basin was extended by five lithosphere stretching 
pulses that generated rift basins during the Mesozoic. Plate-margin 
stresses acting on the proto-ECB help explain much of its Mesozoic 
tectonic history.  The spatial distribution of lithosphere stretching values 
suggests that during the Triassic and Jurassic, tensional/transtensional 
stresses, (probably first related to the break-up of Pangea and later to 
backarc extension), produced lithosphere stretching and generated 
narrow (< 150 km wide) rifts, located at the sites of the present-day MMB 
and the western flank of the ECB (Magdalena-Tablazo sub-basin). This 
episode in the basin’s history may be interpreted as an aulacogen, but 
the portion in front of the magmatic arc can be interpreted as a back-
arc basin (Fig. 4). During the Early Cretaceous, tensional/transtensional 
stresses, probably related to backarc extension, produced new episodes 
of lithosphere stretching and generated a wide (> 180 km wide) system 
of asymmetric half-rift basins (Figs. 4 and 5). 

Triassic rift basins were asymmetrical and initially narrow, but 
widened significantly during Jurassic times.  In contrast, Cretaceous rifts 
were wider, and less symmetrical than Triassic-Jurassic rift basins. The 
eastern margin of the Berriasian-Hauterivian rift may have developed by 
reactivation of an older Palaeozoic rift represented by the Guaicaramo 
fault system (c.f. Hossack, et al., 1999). The western side probably 
developed by reactivation of an earlier normal fault system inherited from 
Jurassic rifting. The increasing width of the rift system was apparently the 
result of progressive tensional reactivation of pre-existing upper crustal 
weakness zones. Observable lateral changes in Mesozoic sediment 
thickness suggest that the reverse faults that define the eastern and 
western structural borders of the ECB are largely controlled by former 
normal faults that were tectonically inverted during the Cenozoic Andean 
orogeny (Figs. 7, 8 and Fig. 21). Their predominately oblique orientation 
relative to the Mesozoic magmatic arc of the Central Cordillera may either 
be the result of oblique-slip extension during the Mesozoic, or may have 
been inherited from pre-Mesozoic structures. However, not all Mesozoic 
normal faults were tectonically inverted: some normal faults, such as the 
Esmeraldas Fault, were passively transported within short-cut basement 
blocks during Cenozoic inversion (ESRI and Ecopetrol, 1994, Cooper et 
al., 1995). 

During the Late Cretaceous, post-rift thermal subsidence generated a 
regional sag basin covering the area of the present-day MMB, ECB and LlAB 
basins, when accretion of an oceanic plateau in western Colombia created 
an orogenic compressional deformation front in the Central Cordillera.
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Figure 4. Tectonic evolution of the Eastern 
Cordillera. After Horton et al.  (2010a).
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CHAPTER 2 - TECTONIC SETTING

Figure 5. Regional cross-section through the Colombian Andes. showing the area of the ECB as a back arc basin in the Mesozoic.  Rifting took place behind 
a subduction related magmatic arc located in the area of the Central Cordillera. This figure explains how tectonic inversion generated the ECB mountain 

range. Modified from Retrepo-Pace et al. (2004)
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Figure 6.Schematic cross-section of the ECB showing the tectonic evolution since Mesozoic time. Neogene and Cretaceous sections are balanced and restored sections 
from Colletta et al. (1990), however, sections are not balanced at depth. Cretaceous shortening was estimated from extension factors calculated by Sarmiento-Rojas 
(2001) and Sarmiento-Rojas et al. (2006), Palaeogene shortening estimated from kinematic modeling (Sarmiento-Rojas, 2001) and Neogene shortening from Colletta et 
al. (1990). During the Jurassic the ECB was a narrow rift, that widened in the early Cretaceous, as suggested by lithospheric stretching factors from tectonic subsidence 
curves (Sarmiento-Rojas, 2001 and Sarmiento-Rojas et al., 2006). During the Palaeogene (Late Eocene to early Oligocene) the orogenic front initiated in the Central 
Cordillera migrated eastward producing local inversion of Mesozoic extensional grabens in the area of the ECB, breaking the initial foreland basin into smaller com-
partments. Since the Late Oligocene (mainly Neogene) increasing shortening rates generated total inversion of the Mesozoic extensional basin, which was uplifted as a 
mountain range separating the MMB and the LlABs. 
Large, low-amplitude folds probably existed in the ECB during the Palaeogene. Petroleum system modeling suggests that hydrocarbon expulsion occurred at the time, 
filling these early traps. Hydrocarbon volumes available to fill these large early traps were probably huge. Later, during the Neogene, intense and rapid deformation de-
stroyed or modified these early traps, producing outward remigration of trapped oils into external MMB and LlAB younger traps. Neogene deformation and exhumation 
seem to have destroyed early traps, rather than building new ones. Only minor hydrocarbon amounts expelled during Neogene time were available to fill Neogene traps. 
Any Palaeogene early traps still preserved today would be interesting exploration targets in the ECB and foothills. From Sarmiento-Rojas (2001).
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Figure 7. Early Cretaceous ECB tectonic basin compartments. Tectonic subsidence curves and restored thickness maps help discriminate basin compartments. Distinct 
compartments had different subsidence histories, and were bounded by former extensional fault systems. Thickness changes across fault blocks are geological evi-

dence of normal faulting. Most of these faults inverted their relative movement during the Cenozoic (Sarmiento-Rojas, 2001; Sarmiento-Rojas et al., 2006).
Comparison of Cretaceous subsidence in a W-E transect across the northern ECB reveals the following trends: 

(1) Two sub-basins: the Cocuy (region 9) and Tablazo (region 3) rift sub-basins separated by the less subsiding Santander-Floresta block (region 7).
(2) A regional westward decrease in tectonic subsidence with a maximum in the Cocuy sub-basin (region 9) and a minimum in the MMB (region 2), suggesting 

regional half-rift basin geometry.
Comparison of Cretaceous subsidence along a W-E transect B in the southern part of the Cordillera at the latitude of Bogota, reveals the following:

(1) The existence of a single rifted basin, the Cundinamarca sub-basin (region 4,). Thickness variations of the drilled section in the axial region at specific time 
intervals, suggests an absence of ridges or highs in the axial region, with respect to sections exposed along the flanks of the Cordillera. Gravity models calculated by 

Kellogg and Duque (1994) support the latter statement.
(2) Tectonic subsidence during the earliest Cretaceous (Berriasian to Hauterivian) was maximal in the eastern side of the Cundinamarca sub-basin, indicating 
that the first stretching event mainly affected the eastern Guaicáramo normal fault system. Later, during the Aptian, however, subsidence was maximal in the west-

ern side of the Cundinamarca sub-basin (region 4) suggesting that a second stretching event mainly affected the western Bituima fault system. Total tectonic subsid-
ence during the whole Cretaceous was slightly greater in the western side of the basin (region 4). 

In the easternmost LLAB area (region 10), sedimentation started during the Late Cretaceous and total tectonic subsidence during the Cretaceous was small (100 to 200 
m) compared to the ECB and MMB. Subsidence was probably produced by cooling (Watts et al., 1982) and water loading due to increased palaeo-water depth. Total 

tectonic subsidence in the Upper Magdalena Valley (region 6,), where marine sedimentation started in Aptian time, was significantly smaller than that of the ECB and 
MMB (region 2) (Sarmiento-Rojas, 2001; Sarmiento-Rojas et al., 2006). Insert in Figure 8 illustrates graben geometry common in extensional basins such as the mod-

ern East African Rift System. From Sarmiento-Rojas (2001) and Sarmiento-Rojas et al. (2006).
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Figure 8. Interpreted seismic sections in the Medina LlAB foothills area, along the eastern border of the Cundinamarca sub- basin. Note evidence of normal faulting 
during the Cretaceous (K) in the Guaicáramo palaeo-fault system along the eastern border of the basin. Contractional inversion of Cretaceous extensional faults oc-
curred during the Palaeogene as evidenced by lateral thickness changes of the Palaeogene Carbonera Fm. Note also thickness changes in the Cretaceous sedimentary 
fill. Location shown in insert. From Linares (1996 in Sarmiento-Rojas et al., 2006).
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2.2 PALAEOGENE HISTORY 

Since the Late Cretaceous and during the Palaeogene, accretion of 
oceanic terranes that make up today’s Western Cordillera of Colombia 
generated orogenic deformation in the Central Cordillera and triggered 
incipient tectonic inversion of Mesozoic extensional basins (Figs. 4, 6 
and 8). Numerous evidences point to Palaeogene incipient inversion of 
Mesozoic extensional basins: (1) occurrence of Palaeogene unconformities, 
(Raasvelt, 1956; Laverde, 1989, Corredor, 2003: Diaz, 2002; Restrepo-Pace 
et al., 2004, Figs. 9 and 10), (2) a regional Eocene unconformity which 
locally truncates structures and other local unconformities indicating 
stratigraphic growth (Sarmiento, 1992, 1993: Gomez, 2001, Sarmiento-
Rojas, 2001: Gomez et al., 2005), (3) local erosion of ECB rocks indicated by 
the detrital composition of early Oligocene sandstones in the MMB (Nie et 
al., 2010b) and (5) thermochronology data (Parra et al., 2005, 2008, 2009: 
Horton et al., 2010a,b, Mora et al., 2010). 

Ductile deformation in the Palaeogene was frozen in the geologic 
record at several localities of the ECB in the form of rotated fold limbs and 
growth strata.  Evidence of Palaeogene synsedimentary folding has been 
well documented in the Usme syncline south of Bogota (Julivert, 1963), 
the Fusagasuga syncline (Julivert, 1963 and 1970; Raasvelt, 1956; Laverde, 
1989), the Boyaca area NE of Sabana de Bogotá (Alvarado and Sarmiento, 
1944; Cespedes and Peña, 1995) and the western and eastern foothills of 
the ECB (Gomez, 2001; Diaz, 2002).

Palaeogene basin inversion was forced by collision of oceanic plateaus 
with the north-western margin of South America (Nivia, 1987; Kerr et al., 
1996, 1997; Sinton et al., 1998). Such collision generated an orogenic 
belt in the Central Cordillera, and developed a regional foreland basin to 
east that began to break during the Palaeogene reactivating old Mesozoic 
faults (Figs. 4, 6, and 8). Right-lateral transpression may have led to a pre-
Andean orogenic event in the Central Cordillera during the Palaeogene. 
Periods of basin-inversion and compression seem to correlate with times 
of accelerated plate-convergence rates. Development of contractional/
transpressional structures suggests some degree of mechanical coupling 
among the orogenic wedge mainly represented by the Central Cordillera, 
and regions to the east (MMB, ECB, and LLAB) during the Palaeogene. 
Occurrence of earlier deformation in the MMB (e.g. George et al., 1997; 
Restrepo-Pace et al., 1999a,b) as compared to the ECB and LLAB foothills 
suggests migration of basin inversion (Figs. 11 to 13). This apparent 
eastward advance implies that basins proximal to the collision front were 
characterized by a mechanically weaker pre-inversion lithosphere than 
that of more distal basins. .

Parra et al. (2009), based on thermochronological data, interpreted 
episodic eastward migration of the orogenic front at an average rate of 2.5 
– 2.7 mm/a during the Late Cretaceous-Cenozoic.  Thermochronological 
data (Parra et al., 2005, 2008, 2009: Horton et al., 2010a,b, Mora et al., 
2010, Figs. 11 to 14) suggest two superimposed trends:

(1) Eastward propagation of an orogenic deformation front at (a) the 
Central Cordillera during the Late Cretaceous, (b) the western foothills of 
the ECB during the Eocene, (c) the axial ECB during middle Eocene to early 
Oligocene, and (d) the Eastern foothills of the ECB during Late Miocene 
time. 

(2) Onset of ECB deformation at the axis of this mountain range 
(Santander-Floresta massifs, Usme and Fusagasuga synclines and Arcabuco 
anticline) during the middle Eocene, and outward migration of deformation 
toward the eastern (Villeta Los Cobardes, Lisama anticlines, Fig. 15) and 
western (Quetame massif) flanks of the ECB during the Oligocene time and 
finally deformation at the most external eastern and western foothills of 
the ECB during late Miocene time (Mora et al., 2010). 

These data, which date the onset of deformation, seem to reveal 
general trends but more data are needed to give a closer picture of 
deformation timing of the ECB. Although local evidence appears to 
suggest that deformation started earlier (e.g. since Late Cretaceous in the 
Usme syncline Gómez, 2001, Fig. 15) thermochronology data show that 
the Palaeogene Colombian foreland was a laterally extensive, unbroken 
basin which connected the western (MMB), central (Floresta), and eastern 
(Eastern Foothills) basins from Cretaceous to late Eocene time when it was 
initially disrupted by uplift of the western flank of the ECB. The central 
(Floresta) basin continued to be connected with the eastern (LlAB) basin 
until its late Oligocene truncation by the advancing thrust front. Only 
the western and eastern basins recorded complete transition from a 
conventional to an inverted foreland basin (Saylor et al., 2010).

During the Paleocene through the middle Eocene compressional 
deformation and uplift of the Central Cordillera generated a regional 
foreland basin covering the area of the present-day MMB, ECB and LlAB 
basins. This compressional deformation front generated east-verging 
deformation in the area of present-day MMB and locally west-verging 
deformation in the area of the western foothills of the ECB as demonstrated 
by Restrepo-Pace et al. (2004)

During the Late Eocene to early Oligocene the orogenic front in the 
Central Cordillera migrated east, producing local inversion of Mesozoic 
extensional grabens in the area of the ECB, and fragmentation of the initial 
regional foreland basin into smaller compartments.
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Figure 9. Geological map of an area of approximately 750 km2 along the western flank of the ECB, between the Salinas and 
Dos Hermanos Thrusts. This map shows surface geological evidence of Palaeogene deformation at the western foothills of the 
ECB. From Restrepo-Pace et al. (2004).“The arrows point to critical timing relationships: 1, 2: La Grilla Syncline, La Fiebre 
and Alegria Thrusts are concealed below the basal unconformity of the upper Eocene La Paz rocks. This relationship demon-
strates Palaeogene deformation and constrains an upper age limit for it. 3: The preserved Palaeogene synkinematic deposits, 
which are tilted and faulted by Andean-age (Miocene – Pliocene) thrusts. 4, 5:The course of the Guaguaqui River shifted to 
the south by the late Miocene Caceres Thrust. Drainage in the MMB is collected by the Magdalena River, which flows to the 
north. Hanging-wall rocks of the Dos Hermanos Thrust subsequently decapitate the Caceres Thrust and the Caceres Syncline. 
Decapitation of NE-SW trending structures such as the Caceres synclines by N-S trending structures such as the Dos Herma-
nos Thrust suggest rotation of the stress field with time.  6: Conformable contact between Paleocene and older rock succes-
sions constrains the lower limit for Palaeogene deformation. 7: Characteristic large and open structures of Andean age have 
folded the basal upper Eocene unconformity and reactivated Palaeogene structures” (Restrepo-Pace et al., 2004).
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Figure 10.  Schematic structural evolution of the western fold belt of the western foothills of the ECB. From 
Restrepeo-Pace et al. (2004). Location of this section is in the area of Figure 9. Deformation in the western 

foothills of the ECB started since Late Paleocene-Early Eocene as indicated by evidence shown in Figure 9.
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Figure 11. Initiation of contractional deformation in the ECB, MMB and Central Cordillera. Bars represent the maximum and minimum age estimates of deformation 
onset inferred from geological indicators of brittle deformation (black bars) and from thermocronometric data (gray bars). From Parra et al. (2009b). This information 
is based on chronological indicators of deformation such as detrital provenance data, thermo-chronometric data, crosscutting relations and growth strata. According to 
these data, onset of deformation in the Central Cordillera occurred during Late Cretaceous (approx.since 82 M.a.) as indicated by indicators of brittle deformation and 
thermochonometric data by Gomez (2001) and Gomez et al. (2003). Onset of deformation in the western foothills of the ECB occurred during Eocene time according 
to themocronological data by Gomez (2001), Gomez et al. (2003) and Parra et al. (2009b) and geological evidence by Restrepo-Pace et al. (2004). Onset of middle 
Eocene to early Oligocene deformation in the axial region of the ECB is indicated by growth strata reported by Julivert (1963), Gomez et al. (2005) in the Usme and 
Fusagasuga syclines and the Arcabuco anticline as well as thermocronological data by Parra et al. (2009b). Onset of middle and late Eocene deformation in the western 
inverted domain of the ECB is indicated by deformation of the Villeta antlicline (Gomez, 2001, 2003) and thermochronometrical data by Parra et al. (2009b). Onset of 
deformation in the Quetame Massif at the eastern flank of the ECB is Late Oligocene according to thermochronometrical data by Parra et al (2009b). Onset of defor-
mation in the Medina area of the eastern ECB foothills occurred during Pliocene time. 

Finally, according to Mora et al. (2010), onset of deformation at the eastern and western foothills of the ECB occurred during Late Miocene time (Parra et al., 2009b).  
This information reveals two general trends: (1) Eastward propagation of an orogenic deformation front at the Central Cordillera during the Late Cretaceous, at the 
western foothills of the ECB during the Eocene, at the axial ECB during the middle Eocene to early Oligocene, and at the Eastern foothills of the ECB during Late 
Miocene time. (2) Onset of deformation of the ECB at the core of the mountain range (Santander-Floresta massifs, Usme and Fusagasuga synclines and Arcabuco anti-
cline) took place during the middle Eocene, and outward migration of deformation toward the eastern (Villeta Los Cobardes, Lisama anticlines) and western (Quetame 
massif) flanks of the ECB during Oligocene time; and finally, deformation at the most external eastern and western foothills areas of the ECB occurred during late 
Miocene time (Mora et al., 2010). 
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CHAPTER 2 - TECTONIC SETTING

Figure 12. “Spatial and temporal variation in the position of the deformation front” of the Central Cordillera, MMB and ECB.From Parra et al. 
(2009b). (a and b): Present-day and retrodeformed structural section of the ECB after Mora et al. [2008]. (c) Rates of orogen propagation. “The 

present (solid symbols) and restored (open symbols) distances of key structures with respect to the undeformed LlAB foreland beneath the 
Guiacaramo thrust are plotted versus their age of onset of deformation. Dotted lines with arrows indicate structures projected for the analysis”. 

“An episodic pattern of Cenozoic orogen front migration shows three major stages”. This pattern of migration of the orogenic front“results 
from (1) a change from oblique and slow to orogen-perpendicular and faster convergence in the middle Eocene (aprox 50 Ma) and (2) slip and 

deformation preferentially accommodated along former normal faults reactivated in contraction”  (Parra et al., 2009b).
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Figure 13. Results of an apatite fission track analysis (AFTA) conducted for 21 outcrop rock samples from the entire stratigraphic column –from Precambrian to Qua-
ternary - of the Santander Massif in the ECB to the Nuevo Mundo Syncline in the MMB (From Duddy et al. 2009).“Constraints on the onset of cooling derived from 
AFTA data in individual outcrop Bucaramanga Transect, Colombia. Assuming that the results from all samples represent the effects of synchronous heating, three Ce-
nozoic post-depositional thermal episodes are revealed, numbered 1 to 3 in the figure. In addition, the AFTA results reveal four thermal episodes (numbered 4 to 7) in 
the provenance terrain(s) for the post-Cretaceous sequences, three of which coincide with the Cenozoic post-depositional episodes. An additional Cenozoic provenance 
episode (numbered 7) is observed for the Real formation. Samples from the Paleogene La Paz and Lisama formations require an episode at some time between 70 and 
45 Ma (numbered 8), which overlaps the stratigraphic age of these units, and therefore it is uncertain whether this event occurred after, or prior to, deposition. Analysis 
of vitrinite reflectance data is underway to help resolve this uncertainty” (Duddy et al., 2009).

AFTA results “reveal evidence for three paleo-thermal episodes, with significant cooling beginning at some time in the Paleocene (65 to 60 Ma), Early Miocene (20 
to 18 Ma) and Middle Miocene (12 to 9 Ma). These cooling episodes must have involved kilometer-scale erosion at these times for any geologically reasonable range 
of geothermal gradients. The Early Miocene episode is pervasive across the region, being observed in rocks of Precambrian to Early Cretaceous age in the Santander 
Massif, east of the Bucaramanga and Suratá Faults as well as in sediments of Triassic to Oligocene age in the MMB. Evidence for the Middle Miocene episode is 
revealed only in some samples from the Santander Massif. Importantly, the products of these Miocene erosional episodes are detected in the thermal history of the 
provenance terrains(s) for the Quaternary Bucaramanga terraces. Evidence for the Paleocene episode is restricted to some Mesozoic sediments of the MMB, but is also 
clearly seen in the thermal history of the provenance terrains(s) for the Cenozoic sediments of the MMB (Lisama, La Paz and Colorado Fms)” (Duddy et al., 2009).
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CHAPTER 2 - TECTONIC SETTING

Figure 14. “Reconstructed spatial and temporal deformation pattern” interpreted by Mora et al. (2010). Sequential maps show in color“the 
interpreted location of areas newly incorporated into the broadening zone of deformation for (a) middle Eocene–early Oligocene.(b) Late 
Oligocene–early Miocene and (c) late Miocene” (Mora et al., 2010). This pattern suggests onset of deformation of the ECB at the axis of 
this mountain range during middle Eocene-early Oligocene, and outward migration of deformation toward the eastern and western flanks 

of the ECB during late Oligocene-early Miocene time and finally deformation at the most external eastern and western foothills areas of the 
ECB during late Miocene time. From Mora et al., (2010).

Middle Eocene: Deformation of the Villeta (VA) and Arcabuco (AA) anticlines and the Usme (US) and Fusagasuga (FS) synclines, as well 
as the Santander massif (SM) (Gomez, 2001). Change from oblique slow to orogen-perpendicular and faster convergence (Cortes and Ange-

lier, 2005).
Late Eocene: Deformation of the Villeta and Arcabuco anticlines, Usme and Fusagasuga synclines and Santander Massif (Gomez, 2001).

Early Oligocene: Deformation of the Villeta, Los Cobardes (CA), Provincia (PA) and Lisama (LA) anticlines and the Nuevo Mundo (NMS) 
syncline (Gomez, 2001). 

Late Oligocene: Deformation of the Villeta, Los Cobardes, Provincia, Lisama anticlines and the Nuevo Mundo syncline (Gomez, 2001).
Early Miocene: Deformation in the Provincia, Los Cobardes and Lisama anticlines, the Nuevo Mundo syncline and exhumation of the 

Santander massif (Gomez, 2001).
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Figure 15. Chronology of structural deformation of the western flank of the ECB through the MMB, based on 
thermochronology, growth strata and other indicators of deformation. From Gomez (2001).
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CHAPTER 2 - TECTONIC SETTING

2.3 NEOGENE BASIN INVERSION HISTORY 

Since the Late Oligocene, increasing shortening rates generated 
total inversion of the Mesozoic extensional basin of the ECB, which was 
ultimately uplifted as a mountain range that now separates the MMB 
and LlAB Basins. During the Middle Miocene and Pliocene, east Andean 
deformation and uplift mainly involved inversion of the original Early 
Cretaceous extensional basin. (Figs. 4, 5, 6, 14 and 21). Sequentially 
restored structural cross sections across the eastern flank of the ECB 
indicate increased shortening rates over the past 3 Ma (Pliocene, Mora et 
al., 2008). The orographic barrier represented by the ECB reached a critical 
elevation between ca. 6 (Late Miocene) and ca. 3 Ma (Pliocene) (Mora 
et al., 2008). In the central Tunja-Sabana de Bogotá region, where the 
Palaeogene sedimentary record has been partially preserved, significant 
uplift did not occur until the Pliocene, as recorded by the exceptional 
palynological record of the Sabana de Bogotá (Helmens, 1990). Such 
uplift history may be explained in terms of basin tectonic inversion: (a) 
Palaeogene onset of contractional reactivation of Mesozoic extensional 
faults leading to an initial slight basin inversion, and (b) Neogene increase 
in rate and magnitude of compressional deformation leading to a complete 
inversion of the original extensional basin. Complete inversion of the 
principal normal fault systems bounding the Mesozoic extensional basins 

probably led to vertical exhumation of the sedimentary fill of hemigrabens 
that now form the eastern and western flanks of the ECB.

Maximum dip-slip displacement and shortening occurred along thrust 
faults connected to inverted Mesozoic normal faults that approximately 
delimit Lower Cretaceous outcrops in both flanks of the ECB (e.g. Colletta 
et al., 1990; Cooper et al., 1995). In these uplifted flanks, exposed Lower 
Cretaceous and older rocks indicate that all Upper Cretaceous and 
younger rocks have been fully eroded. In the axial Bogotá-Tunja zone the 
Palaeogene sedimentary record was preserved, as well as the Neogene 
sedimentary record of the Sabana de Bogotá area. The palynological 
record of the Neogene and Quaternary fluvial to lacustrine sedimentary 
section of the Sabana de Bogotá registers major tectonic surface-uplift for 
the period between 5 and 3 Ma (Helmens, 1990). Flexural models –which 
assume that the lithosphere behaves as an elastic plate over geologic 
time- have successfully tested the hypothesis that uplift of the ECB loaded 
the lithosphere, thus creating accommodation space for accumulation of 
Neogene molassic sediments in the LLAB and MMB basins. (Sarmiento-
Rojas, 2001, Fig. 16).
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Figure 16. 2D flexural models produced by the present topographic load of the ECB. Basement deflection and 
topography are in meters. Dots represent observed thickness of Middle Miocene to Recent deposits in meters. 
From Sarmiento-Rojas (2001)
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AND FACIES
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CHAPTER 3 - STRATIGRAPHY AND FACIES

The following summary of the ECB stratigraphy has been modified 
after Sarmiento-Rojas (2001). Although Paleozoic to Jurassic sedimentary 
rocks are part of the sedimentary record, from the point of view of 
petroleum exploration they are considered part of the economic 
basement, and are not included in this summary. Limited geochemical 
and petrographical data performed by the Colombian Petroleum Institute 
suggest that those rocks have lost any hydrocarbon source potential 
(Antonio Rangel. personal communication) or reservoir properties due 
to intense diagenesis (Alba Gladys Mesa, personal communication). Even 
the earliest Cretaceous sandstones (e.g. Arenisca de Caqueza, Los Santos 
Fm.) have lost their porosity and permeability due to intense diagenetic 
cementation (Alba Gladys Mesa, personal communication). 

3.1. CRETACEOUS SEDIMENTATION

Cretaceous rocks, locally including the uppermost Jurassic and 
Paleocene deposits, form a mega-sequence bounded by regional 
unconformities. On a broad scale, Cretaceous rocks represent a major 
transgressive-regressive cycle with the maximum flooding surface close 
to the Cenomanian-Turonian boundary, corresponding to the maximum 
Cretaceous, and even Mesozoic, eustatic level (Fabre, 1985a; Villamil 
1993; Fig. 17). Superimposed on this large- scale trend, several smaller 
transgressive-regressive cycles are evident, probably due to tectono-
eustatic base levels that oscillated over time. 

The rift basin was oriented approximately NNE-SSW, and appeared 
divided (into the western Tablazo and the eastern Cocuy sub-basins, Figs. 
7) by the Santander-Floresta palaeo-Massif.  These sub-basins continued 
north toward the Machiques Trough in the Mérida Andes of Venezuela 
and the Uribante Trough in the Serranía de Perijá (Julivert, 1968; Fabre, 
1985a, 1987). Toward the south, these sub-basins joined together as the 
single Cundinamarca sub-basin (Burgl, 1961), where the thickness of the 
Cretaceous section reaches a maximum of 7 km (Figs. 7, 17 and 18).

3.1.1. EARLY CRETACEOUS SYN-RIFT SEDIMENTATION

The Early Cretaceous sedimentary history is illustrated in Figures 
17 and 18. Sedimentation started in the Jurassic in the Tablazo sub-basin 
and continued through the Early Cretaceous. No tectonically-related 
angular unconformity is evident within this section (e.g. at the Rio Lebrija 
section, Cediel, 1968). Elsewhere Cretaceous sedimentary rocks rest 
unconformably on earlier Mesozoic, Palaeozoic or Pre-Cambrian rocks. 
In the Tablazo sub-basin basal facies are mainly sandstones (Los Santos, 
Tambor, and Arcabuco Fms) deposited in fluvial environments (Renzoni, 
1985a,b, c; Clavijo, 1985; Vargas et al., 1985; Laverde and Clavijo, 1985; 
Galvis and Rubiano, 1985; Etayo-Serna and Rodríguez, 1985). Bürgl (1960, 
1964, 1967) suggested that an initial marine incursion in the Cundinamarca 

sub-basin flooded a desertic continental area, which provided conditions 
for evaporite formation during early stages of marine transgression. 
McLaughlin (1972) cited palaeontological evidence of Berriasian-
Valanginian age for some evaporite occurrences. During the Berriasian, 
an epicontinental sea flooded the basin from the northern part of the 
Central Cordillera toward the Cundinamarca sub-basin (Etayo-Serna et al., 
1976). The sea advanced north from the Cundinamarca sub-basin into 
the two sub-basins while the Santander-Floresta palaeo-Massif remained 
emerged (Etayo-Serna et al., 1976; Fabre, 1985a, 1987; Sarmiento, 1989; 
Cooper et al., 1995; Figs. 17 and 18).

Early Cretaceous sedimentation in the Tablazo sub-basin. In the 
Tablazo sub-basin, latest Jurassic to Valanginian fluvial sedimentation was 
followed by mud deposition in marginal marine environments recording a 
marine transgression (Cumbre Fm, Mendoza, 1985; Renzoni, 1985c; Ritoque 
Fm Ballesteros and Nivia, 1985; Rolón and Carrero, 1995). Later, tidal and 
shallow water marine shelf carbonates of the Rosablanca Fm (Cardozo 
and Ramirez, 1985) were deposited during the Valanginian-Hauterivian, 
followed by shallow marine shales of the Paja Fm during Hauterivian- 
Barremian times (c.f. Etayo-Serna et al., 1976). Although transgression 
progressed outward from the center of the basin, two periods of relative 
sea retreat occurred, during the Hauterivian and Aptian (Rolón and Carero, 
1995; Ecopetrol et al., 1994; Figs. 17 and 18).

Later during the Aptian, a relative tectono-eustatic sea-level rise 
occurred as suggested by a deeper marine facies in the upper part of the 
Paja Fm (Forero and Sarmiento, 1985; Ecopetrol et al., 1994; Rolón and 
Carrero, 1995).

Berriasian to Aptian sedimentation in the Cocuy sub-basin. In 
the Cocuy sub-basin, marine transgression started in its southern part 
during the end of the Jurassic to the earliest Cretaceous as recorded by 
the Brechas de Buenavista Fm (Dorado, 1984) and the Calizas del Guavio 
Fm (Ulloa and Rodríguez, 1976; Fabre 1985a; Mojica et al., 1996). In 
the northern part of the Cocuy sub-basin, facies changes recorded the 
transition from continental to shallow marine sedimentation (Lutitas de 
Macanal Fm) during Berriasian to Valanginian times (Fabre, 1985a). During 
the Hauterivian to Barremian, wave-dominated deltaic sandy depositional 
environments developed (Arenisca de Las Juntas Fm, Fabre 1985a; Figs. 
17 and 18). In the Hauterivian, accumulation of prograding sands in a 
rapidly subsiding basin (Fabre, 1985a) was probably facilitated by a relative 
tectono-eustatic base level fall (e.g. the Arenisca de las Juntas Fm).

Early Cretaceous sedimentation on the Santander-Floresta palaeo-
Massif. The Santander- Floresta palaeo-Massif remained emergent until the 
Hauterivian when deposition of continental sandstones began, followed by 
progradation of deltaic sandstones (Rionegro Fm, lower part of Tibasosa Fm) 
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and shallow marine carbonates. The two sub-basins started to form a single 
wide basin during the Hauterivian due to a base level rise that flooded the 
palaeo-Massif (Fabre, 1985a; Moreno, 1990a,b, 1991). This intrabasinal high 
was, however, a significant barrier to sediment movement until the Aptian 
(Cooper et al., 1995; Figs. 17 and 18). The succession of sandstone (Tambor 
and Los Santos Fms), limestone (Rosablanca Fm) and dark shale (Paja 
Fm) facies, recorded in the Tablazo sub-basin, is laterally younger toward 
the east on the Santander-Floresta palaeo-Massif (sandstone: Rionegro 
Fm, limestone and shale: Tibú and Mercedes Fms) and Cocuy sub-basin 
(sandstone: Arenisca de Las Juntas Fm, limestone and shale: Apón Fm; Fabre, 
1985a). This lateral change in facies age occurred as a result of an oscillating 
and progressive marine transgression toward the east during Valanginian to 
Aptian times (Figs. 17 and 18).

Berriasian to Aptian sedimentation in the Cundinamarca sub-basin. 
Both the Tablazo and Cocuy sub-basins show a gradual, southward increase 
in dark shales deposited in poorly oxygenated shallow marine environments. 
(Caqueza Gp, Villeta Gp; Fabre, 1985a; Rubiano, 1989; Sarmiento, 1989). 
In the Cundinamarca sub-basin Cretaceous sedimentation started during 
the Tithonian?- Berriasian-Valanginian with turbidite deposits in both the 
eastern (lower Caqueza Gp, Pimpirev et al., 1992) and western (lower part 
of Utica Sandstone, Murca Fm, Sarmiento, 1989; Moreno, 1990b, 1991) 
flanks (Figs. 17 and 18). Turbidite deposition prevailed up to the Hauterivian 
in the eastern border of the basin (Caqueza Gp, Pimpirev et al., 1992).

During the earliest Cretaceous, basin subsidence exceeded 
sediment supply, resulting in retrogradation of the turbidite fan system, 
so that distal fan sediments covered middle fan mouth channel deposits. 
(e.g. Caqueza Gp.). In post-Berriasian time, increased sediment supply 
overwhelmed basin subsidence, resulting in progradation of the turbidite 
fan system (Pimpirev et al., 1992) and local progradation of deltaic sands 
during Hauterivian time (upper part of the Utica Sandstone, Sarmiento 
1989; Moreno, 1990b). To the south, the shallow marine sandstones and 
limestones of the Naveta Fm mark the development of a shoreline during 
Hauterivian-Barremian times (Cáceres and Etayo-Serna, 1969; Sarmiento, 
1989). Differential subsidence related to syn-sedimentary normal faulting 
caused unstable slopes of the basin margins. These processes favoured 
turbidite deposition during early Cretaceous up to the Aptian (lower part 
of the Utica Sandstone, Murca Fm, Socota Fm, Polanía and Rodríguez, 
1978; Sarmiento, 1989; Moreno, 1990b, 1991; Caqueza Gp, Pimpirev et 
al., 1992; Figs. 17 and 18).

3.1.2. CRETACEOUS POST-RIFT SEDIMENTATION

The Cretaceous post-rift sedimentation is illustrated in Figures 17 
and 18.

During the late Albian-early Cenomanian a relative tectono-eustatic 
base level (relative tectono-eustatic sea level) fall was recorded by 
progradation of the upper part of Une Fm and a generalized shallowing 
upward facies trend. In the lowermost Cenomanian a sequence boundary 
reveals a forced regression (unnamed shale overlying the cherts of Hiló 
Fm, shallow water sandstone of Churuvita Fm over deeper shale of San 
Gil Superior Fm, Villamil, 1993) while in the Upper Cenomanian, Villamil 
(1993) interpreted the next marked sequence boundary (first sandstone in 
the Villeta Gp, upper sandstone of the Churuvita Fm, uppermost Une Fm 
sandstone).

During the late Cenomanian, Turonian and Coniacian times the 
tectono-eustatic base level reached its highest Mesozoic level. A relative 
tectono-eustatic base level rise during the late Cenomanian (Villamil, 1993) 
induced a slight deepening and a notorious decrease of detrital supply to 
the basin. This base level rise led to basin starvation and slow deposition 
of black laminated shales and micritic pelagic facies in distal parts of the 
basin. The maximum flooding surface seen at the Cenomanian-Turonian 
boundary is characterized by a densely fossiliferous concretion horizon 
within the Frontera Fm and lower San Rafael Fm (Villamil, 1993). During 
Turonian-Coniacian times the present day LLAB foothills were flooded 
(Cooper et al., 1995) unlike the rest of the LLAB basin (Figs. 17 and 18). 
From the Middle Turonian to the late Coniacian, gradual progradation 
and shallowing upward during deposition of the upper San Rafael Fm 
and Villeta Gp in the Upper Magdalena Valley were related to a relative 
tectono-eustatic level fall (Villamil, 1993).

During the Santonian, Campanian, Maastrichtian and Paleocene, a 
generalized regression and a concomitant progradation were recorded by 
littoral to transitional coastal plain facies (Guadalupe Gp, Guaduas Fm). 
The Guadalupe Gp sandstones represent two cycles of westward shoreline 
progradation, aggradation and retrogradation, dominated by high-energy 
quartz-rich shoreface sandstones derived from the Guyana Shield (Cooper 
et al., 1995; Fig. 17). Regression did not occur continuously but rather 
consisted of minor transgressive events recorded by fine-grained siliceous 
and phosphatic facies (Föllmi et al., 1992; Plaeners Fm, Olini Gp, upper 
part of La Luna Fm; Figs. 17 and 18).

A sequence boundary occurs at the base of the middle shale unit 
(Lower-Middle Santonian according to Villamil, 1993 or late Santonian-
early Campanian according to palinostratigraphy by Jaramillo and Yepez 
1994; Etayo-Serna, 1994) of the Olini Gp and the shallow water El Cobre 
sandstones (Barrio and Coffield 1992) in the Upper Magdalena Valley 
(Villamil, 1993). Shallow-water marine sandstones of the Arenisca Dura Fm 
represent a lower forced regression system tract (sensu Posamentier et al., 
1992; Cooper et al., 1995; Figs. 17 and 18).
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Mudstones from the upper Arenisca Dura Fm and shales from the 
Plaeners Fm represent a transgressive system tract (Cooper et al., 1995). 
During the Santonian through early Campanian, a maximum flooding 
surface and a relative tectono-eustatic level rise have been recognized in 
rocks from the Middle Shale up to the Upper Chert units of the Olini Gp by 
Villamil (1993). 

During the late Campanian sea-level continued to fall and shallow 
marine oxygenated environments prevailed in the ECB. The Labor Fm 

Figure 17. Regional stratigraphic Wheeler diagram of the ECB, MMB, LlAB and neighboring Basins.  Horizontal axis represents horizontal distance and vertical axis 
represents geologic time in million years. Early Cretaceous sedimentation was confined to an extensional basin limited by normal faults. Late Cretaceous sedimenta-

tion occurred during thermal subsidence and included a regional area outside the original extensional basins. In general, Cretaceous sedimentation corresponded to 
a transgression-regression cycle that started with continental deposits followed by a marine transgression. Peak transgression reached its largest extent during the 

maximum eustatic level during Cenomanian, Turonian and Coniacian times. Petroleum source rocks were deposited at this time. Minor, eustatic, tectono- stratigraphic 
cycles occurred within this major cycle. During the Paleocene,coastal plain and fluvial sedimentation ended the transgression-regression cycle. These sediments were 
only preserved in syncline areas of the Central depressional domain (Sabana de Bogota-Tunja Sogamoso axial region) of the ECB. No Cenozoic sediments have been 

preserved in the inverted structural domains of the mountain range, where Cretaceous and locally Jurassic rocks are cropping out. These areas are interpreted as invert-
ed grabens. Cenozoic, fluvial to coastal plain sediments were preserved in the neighboring MMB and LlAB basins, where they contain several productive reservoirs. 

Modified after Etayo (1985a, 1994), Geotec (1992, 2000), Cooper et al. (1995), Gomez (2001), Sarmiento-Rojas (2001) and Mora et al. (2010).

represents a sand-dominated forced regression system tract derived from 
this sea level drop (Cooper et al., 1995).

During deposition of the “Upper Plaeners Fm” regional regression 
and long-term relative tectono-eustatic level fall were temporarily 
interrupted by a small cycle of relative base level rise during the late 
Campanian or early Maastrichtian (?) as suggested by Föllmi et al. (1992) 
and Villamil (1993). According to Cooper et al. (1995) the Upper Plaeners 
unit represents a condensed marine mudstone deposited during a relative 
tectono-eustatic level rise.
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Figure 18. Maps illustrating ECB paleo-facies distribution during Cretaceous times, without palinspastic restoration. During the early Cre-
taceous (Berriasian to Aptian) syn-rift sedimentation was restricted to grabens limited by normal faults. Late Cretaceous sedimentation was 
more regional during a post-rift thermal subsidence phase enhanced by a maximum eustatic signal. From Sarmiento-Rojas (2001).
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During the early (?) Maastrichtian the eastern part of the basin was 
supplied with littoral quartz sands of the Arenisca Tierna Fm (Fabre, 1985a).  
Gradual uplift of the western margin of the MMB supplied clasts of metamorphic 
rocks that were accumulated by near-shore fluvial systems in a braided delta 
(Cimarrona Fm, Gómez and Pedraza, 1994). Sands were dispersed along a 
littoral belt (Monserate Fm, Ramírez and Ramírez, 1994), while mud (Umir Fm) 
accumulated in the more distal areas (Etayo-Serna, 1994).

3.2. LATEST CRETACEOUS AND CENOzOIC SEDIMENTATION

3.2.1. LATE MAASTRICHTIAN-EARLY PALEOCENE SEDIMENTATION.

During the late Maastrichtian-early Paleocene, paralic coastal plain 
and alluvial plain claystones containing coal beds of the Guaduas Fm were 
deposited (Laverde, 1979; Fabre, 1985a; Sarmiento, 1992, 1993, Figs. 17, 
18 and 19). The lower limit of the Guaduas Fm is defined by a generalized 
marine flooding surface (Sarmiento, 1993). Upwards, a general regression 
and consequent change from coastal marine environments to alluvial plains 
was recorded. To the north, facies become more marine (Catatumbo Fm, 
Fabre, 1985a; Sarmiento, 1993). Sarmiento (1993) recognized four smaller 
sequences within the Guaduas Fm. Each sequence starts with a marine 
flooding surface and recorded a change from coastal marine environment 
to alluvial plains. Based on thickness changes, Sarmiento (1993) suggested 
that faults controlled sedimentation, with the most subsiding blocks 
located in the western flank of the Cordillera. The Fm is limited on top by 
an unconformity (Sarmiento, 1993), which is interpreted as an erosional 
truncation increasing eastward in magnitude (Fig. 17). In the LLAB Foothills, 
upper Maastrichtian-lowermost Paleocene rocks are absent (Cooper et al., 
1995). The basin was completely full of sediment by the end of the early 
Paleocene (Sarmiento, 1993). In the ECB the Guaduas Fm lies conformably 
over the Guadalupe Gp or equivalent units. However, Guillande (1988) 
reported that locally in the Upper Magdalena Valley, the Guaduas Fm. rests 
unconformably on rocks as old as Jurassic to Upper Cretaceous, suggesting 
a Late Cretaceous deformation event in this area. The cycle ended with 
a local unconformity due to slight exhumation of some areas, probably 
related to initial deformation of the sedimentary pile. Subtle exhumation 
and erosion resulted from initial inversion of normal faults at the basin 
borders during the early Paleocene (Fajardo-Peña, 1998). Evidence of this 
deformation is an unconformity at the top of the Guaduas Fm.

During the early Paleocene, fluvial mud-dominated sedimentation 
prevailed in the MMB with detrital supply from the Central Cordillera, 
eastern ECB area and eastern LlAB area. In the area of the ECB and 
northwestern MMB coastal plain sedimentation prevailed, and marine 
sedimentation occurred in the northern part of the ECB area. At locations 
labeled with number 1 in Figure 19, Nie et al. (2010) and Saylor et al. 
(2010) reported coeval craton-sourced detrital zircons.  The boundary that 

divided areas of the basin sourced by the Central Cordillera from those 
sourced by the craton was probably located west of these locations. These 
data confirm that the basin was a single foreland basin in the dawn of the 
Ceneozoic (Saylor et al., 2010, Fig. 19).

3.2.2. LATE PALEOCENE SEDIMENTATION

During the late Lower Paleocene, sedimentation started after a 
period of erosion in the LLAB region and ECB (Figs. 17 and 19) (Sarmiento, 
1993). Abrupt thickness changes of the Guaduas Fm (e.g. across the 
Soapaga Fault with a thinner section in the eastern side) suggest that some 
faults moved during the time represented by the unconformity (Céspedes 
and Peña, 1995). In the LLAB foothills (Fig. 17, near Paz de Ariporo) the 
unconformity has been locally described as angular (Vanegas and Arango, 
1994). In the MMB (Figs. 17) an onlap relation of Paleocene deposits over 
older rocks can be recognized in seismic lines (Ecopetrol-ICP, 1996) and 
might be the expression of the unconformity. 

Upper Paleocene deposits form a sequence bounded by 
unconformities. The upper boundary corresponds to an unconformity that 
represents the early–middle(?) Eocene recognized in Eastern Colombia 
(Fig. 17). In the LLAB, this sequence extends farther east, possibly due 
to transgression and early flexural loading of the Central and Western 
Cordilleras (Cooper et al., 1995). The lower basal transgressive system tract 
is represented in the LLAB by mature, sandstone-rich, estuarine deposits 
(Barco Fm, Cooper et al., 1995).

In the ECB, the lower section is represented by braided fluvial 
sandstones (Thanetian age, Sarmiento in Jaramillo et al., 1993; Upper 
Paleocene Arenisca del Cacho and Socha Inferior Fms, Céspedes and 
Peña, 1995), and in the MMB by a sandstone interval (basal part of the 
Lisama Fm considered by Bueno, 1971 in Mora et al., 1996) to be the 
lateral equivalent of the Barco Fm in the Catatumbo region). Marine 
influence was strong in the LLAB foothills (Cooper et al., 1995) while in 
the ECB a deltaic coastal plain with marine ichnofauna represents a 
maximum flooding surface (lower part of the Upper Paleocene Socha 
Superior Fm, Céspedes and Peña, 1995). The transgressive system tract 
is represented in the LLAB by the transition from estuarine deposits, and 
the highstand system tract is represented by an upward transition to 
coastal (lower Los Cuervos Fm Upper Paleocene) and alluvial plain mud-
rich deposits (Cooper et al., 1995). Sandstone deposition ended when a 
relative tectono-eustatic level highstand was established (Cooper et al., 
1995). Coarse clastics appear to have bypassed the LLAB foothills and ECB, 
where a regressive mud dominated coastal (Cooper et al., 1995) to alluvial 
plain where high sinuosity streams were established (Bogota Fm, Hoorn, 
1988; upper part of the Upper Paleocene Socha Superior Fm, Céspedes 
and Peña, 1995). In the MMB, shallow marine to transitional variegated 
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Figure 19. Maps illustrating ECB paleo-facies distribution during Palaeogene time, without palinspastic restoration. CC: Central Cordillera; ECB: Eastern Cordillera; 
FB: Floresta Basin; LlAB Llanos Basin; MMB: Middle Magdalena Valley; NM: Nuevo Mundo syncline. Notes: 
1) Coeval craton-sourced detrital zircons (Nie et al., 2010; Saylor et al., 2010)
2) Coeval Central Cordillera-sourced detrital zircons (Nie et al., 2010; Saylor et al., 2010)
3) Eastward paleocurrents (Moreno, 2010; Saylor et al., 2010)
4) Craton-sourced quartz-rich sandstones (Cooper et al., 1995)
5) Wedgetop basin inferred from Cantagallo sandstone informal unit (La Paz Fm. in the subsurface of the MMB, Gomez et al., 2005)
6) Forebulge based on 7, 8, 9 and 10
7) Northward paleocurrents (Saylor et al., 2010)
8) Westward (Mirador Fm.) and northeastward (Carbonera Fm.) paleocurrents (Cooper et al., 1995; Parra et al., 2009a)
9) Central Cordillera-sourced detrital zircons in Regadera and Picacho Fms. (Horton et al., 2010a,b)
10) Absence of Central Cordillera-sourced detrital zircons in the Mirador Fm. (Horton et al., a,b)
11) Paleo-Magdalena River based on upsection shift from westward to northward paleocurrents (Gomez etl al., 2005) and arrival of ECB-sourced detritus in the MMB 
(Nie et al., 2010)
12) Craton-sourced derital zircons (Bande, 2010; Horton et al., 2010b)
13) ECB-sourced detrital zircons and sedimentary lithic rich sandstones (Saylor et al., 2010)
14) Deformation of the Usme syncline, Villeta and Arcabuco(?) anticlines since the Eocene (Gomez, 2001, see Fig. 15) and uplift of the Villeta anticlinorium since the 
mid-late Oligocene (Gomez et al., 2003).From Saylor et al. (2010).
The Eastern Colombia foreland basin, east of the Central Cordillera, became a discontinuous foreland since late Eocene(?)-early Oligocene time by way of tectonic 
inversion of the ECB-precursor Mesozoic extensional basin. 
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mudstones, minor sandstones and thin coal beds in coarsening upward 
successions are interpreted as produced by decrease of the accumulation 
space/sediment supply ratio (Ecopetrol-ICP, 1996). Northward, in the 
Sierra Nevada del Cocuy the environment was more marine (Barco Fm 
with littoral environment, Fabre, 1986).

During the late Paleocene, active uplift of the Central Cordillera 
sourced alluvial fan deposition in the western border of the MMB area. East 
of the Central Cordillera, a fringe of fluvial sand-dominated sedimentation 
in the MMB area was followed by fluvial mud-dominated sedimentation 
in the southeastern ECB area. In the eastern and northern ECB and the 
westernmost LlAB, coastal/alluvial plain sedimentation prevailed, and 
lagoonal/estuarine sedimentation occurred in the more distal LlAB foothills 
area. Meanwhile, marine sedimentation occurred in the Maracaibo basin.  
Nie at al (2010) and Saylor et al. (2010) reported coeval Central Cordillera 
sourced detrital zircons at locations labeled with number 2 in Figure 19. 
At locations labeled with number 3, Moreno (2010) and Saylor et al. 
(2010) reported eastward paleo-currents, while at. locations with number 
4 Cooper et al. (1995) reported craton-sourced quartz-rich sandstones.  
According to these studies the basin axis limiting areas dominated by 
eastern and western detrital sources was located approximately in the 
eastern border of the ECB (Saylor et al., 2010, Fig. 19).

3.2.3. EOCENE TO EARLY MIOCENE SEDIMENTATION

Late Eocene rocks are bounded at the bottom by the regional early 
to middle? Eocene unconformity (Fig. 17), which has been described 
as a paraconformity in some places, but elsewhere-at least locally- the 
unconformity appears angular (e.g. in the LLAB foothills (Aguaclara area) 
the lower contact of the Mirador Fm is an angular unconformity over 
the Cuervos Fm., Barrientos and Torres, 1994). Fabre (1986) reported a 
local angular unconformity at the bottom of the Lower to Middle Eocene 
Picacho Fm in the Paz de Río area.

In the axial region of the ECB a braided, fluvial, fining-upward 
succession with conglomerates at the bottom overlain  by coarse to 
medium-grained sandstones (Middle to Upper Eocene Regadera Fm 
Julivert, 1970; Lower to Middle Eocene Picacho Fm) recorded a base-level 
rise. A maximum flooding surface is possibly represented by marine, iron-
rich oolitic facies in the lower Concentración Fm. (Upper Eocene to Middle 
Miocene according to Céspedes and Peña, 1995 or late Eocene according 
to Cazier et al., 1995). This sequence is only present in the western side of 
the Soapaga Fault. Significant lateral thickness changes may be the result 
of synsedimentary fault control (Cooper et al., 1995).

In the axial region of the ECB, Eocene to early Miocene deposits are 
predominately yellow to grey claystones with thin beds of medium grained 

sandstone (Upper Eocene to Middle Miocene Concentración Fm, Reyes 
and Reyes, 1976, Oligocene-early Miocene according to Germeraad et al., 
1968; Usme Fm, Julivert, 1970). Northward, in the Cocuy area, Fabre (1986) 
described the lower part of the Concentración Fm as containing dark grey 
to black, locally carbonaceous mudstones with thin beds of sandstone, 
one of them with iron oolites, which he interpreted as deposited in a 
littoral to shallow marine environment. Cooper et al. (1995) stated that 
these sediments prograde westward and onlap eastward. Julivert (1970) 
described local unconformities in anticlines contrasting with continuous 
sedimentation in the Usme Syncline (Middle to Upper Eocene Regadera 
and Upper Eocene Lower Oligocene Usme Fms of the Sabana de Bogotá 
area) and interpreted this observation as the result of simultaneous folding 
and sedimentation.

During the middle Eocene, active uplift and deformation of the 
Central Cordillera orogenic front advanced eastward in the MMB area. 
This orogenic front sourced alluvial fans in the MMB area and a small 
basin limited by the Cantagallo fault where the Cantagallo sandstone was 
deposited. East of Cantagallo, in most of the basin including the MMB, 
ECB and westernmost LlAB areas, fluvial sand-dominated sedimentation 
prevailed. However this interpretation includes an emerged forebulge area 
(number 6 in Fig. 19) of non-deposition located at the eastern border of 
the ECB, which compartmentalized the basin. This forebulge divided areas 
dominated by eastern and western detrital sources. At location 7 in Figure 
19, Saylor et al. (2010) reported northward paleo-curents. At locations 
with number 9 Horton et al. (2010b) and Saylor et al. (2010) reported 
Central Cordillera-sourced detrital zircons in the Regadera and Picacho 
Fms. At location 8 in Fig. 19 Cooper et al. (1985) and Parra et al. (2009a) 
reported eastward and northeastward paleo-currents. At location 10 in 
Fig. 19 Horton et al. (2010a,b) report absence of Central Cordillera sourced 
detrital zircons in the Mirador Fm.  Northward, in each of the two basin 
compartments, distal sedimentation was represented by coastal/alluvial 
plain facies. In the northern LlAB foothills lagoonal estuarine facies were 
probably connected to marine facies in the Maracaibo basin area. Based 
on AFTA data from samples collected in growth strata, Gómez (2001) 
interpreted active deformation in the Villeta and Arcabuco anticlines, the 
Usme and Fusagasuga Synclines, and exhumation in the Santander Massif 
during this time.  These data suggest that the regional foreland basin 
started to break apart at this time (Saylor et al., 2010, Fig. 19).

During the Early Oligocene, sedimentation in the MMB onlapped 
an area previously uplifted. Alluvial fan and fluvial deposition sourced 
from the Central Cordillera occurred in the western border of the MMB.  
Location 11 Fig. 19 contains sedimentary evidence of an up-section shift 
from westward to northward paleo-currents (Gomez et al., 2005).  Arrival 
of ECB-sourced detritus into the MMB (Nie et al., 2010) suggests an active 
uplift area in the western flank of the -ECB.  Gómez (2001) interpreted 
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simultaneous deformation in the Villeta (loctlion wlth number 14 in Fig. 
19), Provincia, Lisama, Los Cobardes anticlines and Nuevo Mundo syncline 
based on growth strata AFTA data.  This interpretation assumes that the 
active uplift area separated the basin into (a) a western compartment 
(MMB area) of regional, fluvial, mud-dominated sedimentation as well as 
local, fluvial, sand-dominated sedimentation sourced by both the Central 
Cordillera and ECB; and (b) an eastern compartment  (Central Sabana de 
Bogota-Tunja-Sogamoso axial region, eastern flank of the ECB and LlAB 
areas), dominated by a succession of fluvial, mud-dominated, coastal/
alluvial plain and lagoonal/estuarine facies.  At location 12 (in Fig. 19) in 
the LlAB foothills Bande (2010) and Horton et al. (2010b) reported craton-
sourced detrital zircons. At location 13 (in Fig. 19) in the Floresta area, 
Saylor et al. (2010) reported ECB-sourced detrital zircons and sedimentary 
lithic-rich sandstones. The basin axis limiting areas dominated by eastern 
craton detrital sources and western ECB detrital sources was located in the 
LlAB foothills area (Saylor et el., 2010, Fig. 19).

3.2.4. MIDDLE MIOCENE TO QUATERNARY SEDIMENTATION

The sedimentary record of this time interval in the ECB has only 
been preserved in the Sabana de Bogota region. The Sabana de Bogotá 
(Figs. 17 and 20) is a high plateau in the axial region of the ECB at a mean 
altitude of 2600 m. The Sabana may be understood as an intermontane 
basin consisting of a broad NNE-SSW-oriented synclinorium probably 
formed during the Oligocene to Late Miocene. During the late Pliocene 
and Pleistocene, approximately 600 m of mainly lacustrine sediments 
accumulated (Helmens, 1988, 1990; Andriessen et al., 1993). The Neogene 
and Quaternary fluvial to lacustrine sedimentary section of the Sabana de 
Bogotá recorded major tectonic surface-uplift for the period between 5 
and 3 Ma (Helmens, 1988, 1990; Andriessen et al., 1993). A summary of 
the Sabana de Bogota stratigraphy follows.

The Neogene-Quaternary stratigraphic record of the Sabana de 
Bogotá area starts with the Late Miocene Marichuela Fm, which represents 
very large synorogenic debris flows and gravity flows that aggraded on 
broad alluvial plains and lakes deposited during a period of increased 
regional tectonic activity, with strong, localized deformation of strata 
(Helmens, 1990; Andriessen et al., 1993).

The earliest Pliocene Tequendama Member of the Lower Tilata 
Formation represents a period of relatively quiet fluvial sedimentation. 
Palynological data indicate forest vegetation of the tropical lowland from 
altitudes that did not exceed 500 m (Helmens, 1990; Andriessen et al., 

1993). The Tilata Fm rests on a pronounced angular unconformity over 
a variety of older strata, confirming that some degree of deformation 
preceded its deposition (Cooper et al., 1995).

Fluvial and alluvial fan sediments of the early Pliocene Tibagota 
member of the Lower Tilatá Fm were deposited at the beginning of the 
final major upheaval of the ECB. Palynological and macrobotanical data 
indicate a depositional environment in the lower tropical to lower sub-
Andean forest belt, between 1000 m and 1500 m (Helmens, 1990).

The Late Pliocene Guasca Member of the Upper Tilatá Fm recorded 
fluvial to lacustrine sedimentation in the outer valleys of the present high 
plateau area. Palynological data from that unit indicate deposition in the 
upper sub-Andean forest belt, at an elevation of about 2200 m (Helmens, 
1990; Andriessen et al., 1993). Magnetostratigraphic data indicates that the 
Guasca Member was deposited between 3.2 Ma and 2.58 Ma (Helmens et 
al., 1997). Later, the Late Pliocene unnamed Upper Member of the Upper 
Tilata Fm recorded sedimentation in the central part of the present high 
plain of Bogotá, when the main surface-uplift of the Sabana de Bogotá 
area had ceased. The Tilata Fm and correlative sediments are found on 
the slopes surrounding the Sabana de Bogotá, and their beds are often 
tectonically disturbed (Helmens, 1990).

During the Early Pleistocene, lacustrine fluvial deposition of the 
Subachoque Fm occurred in a large area under alternating ‘glacial’ and 
‘interglacial’ conditions at an altitude similar to the present day elevation 
of the Sabana de Bogotá (which is 2600 m). The Subachoque Fm and 
younger stratigraphic units are tectonically undisturbed (Helmens, 1990; 
Andriessen, 1993).

Later, deposition of the Pleistocene Sabana Fm in the central part of 
the present plateau occurred in a lacustrine environment (Helmens, 1990; 
Andriessen et al., 1993).

Palynological evidence indicates replacement of tropical lowland 
flora by high mountain flora during the Pliocene. This paleo-vegetation 
change has been interpreted as being primarily the result of tectonic 
surface-uplift (Van der Hammen et al., 1973). Wijninga and Kuhry (1993), 
however, note that a warmer climate in the Pliocene should have placed the 
altitudinal vegetation belts several hundred metres higher. Surface-uplift 
probably took place in various phases. Phases of high tectonic activity and 
coarse gravity flow deposition, alternated with phases of fluvial lacustrine 
sedimentation and soil formation (Helmens, 1990).
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Figure 20. Middle Miocene and Late Miocene paleo-facies map of the ECB and neighboring LlAB and MMB basins without palinspastic restoration. 
a)  Middle Miocene paleo-facies map. During this time general deformation and uplift of the ECB took place.  Absence of sedimentary record of this age in the moun-

tain range, and coincidence of maximum thickness of Jurassic and Cretaceous rocks in the area of the ECB, suggest that this mountain range was generated by 
inversion of the Mesozoic extensional basin. Deformation and uplift of the ECB compartmentalized the previous Palaeogene broken foreland basin into the MMB 
and the LlABs. Fluvial and alluvial fan sedimentation prevailed in the MMB while shallow marine mudstone sedimentation (Leon Fm.) prevailed in the LlAB.

b)  Late Miocene paleo-facies map (modified from Geotec, 1992; Cooper et al., 1995). 
From Sarmiento-Rojas (2001).
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A long deformation history that included rifting, inversion, 
transpression, salt tectonics and ultimately orogenic uplift has carved a 
dense network of structures all across the ECB.  Surface structural trends 
tend to have a topographic expression, but their three-dimensional 
geometry and projection in depth are not fully known. Published geologic 
maps of the ECB are largely based on photogeologic interpretations. 
Structural field studies are scarce, while seismic data are restricted to the 
axial region and eastern and western foothills, and often contain poor data 
quality. Structural interpretations are thus conceptual models supported 
on limited hard data.

Reverse faults bound the ECB along its eastern and western borders. 
The ECB shows general double vergence (Fig. 21) where two main thrust 
systems developed. In the western margin, low angle east-dipping thrust 
faults parallel to the mountain front, extend into the MMB Basin at a 
20˚ angle (Figs. 21 and 2). These thrust faults include splays that transfer 
their slip to north-plunging anticlines (Campbell and Burgl, 1965) and are 
arranged en-echelon (Julivert, 1970). In the MMB structures are gentle and 
consist of a series of oil-bearing anticlines, usually associated with reverse 
faults. These structures tend to converge with the La Salina Fault to the 
south (Fig. 2; Julivert, 1970).

Julivert (1970) noted differences in mechanical behaviour between 
the heterogeneous, Precambrian and Palaeozoic, metamorphic and 
sedimentary basement, and the Mesozoic and Cenozoic sedimentary 
cover. In fact he suggested that the main structures of the ECB are 
determined by relationships between basement and sedimentary 
cover: (1) Passive behaviour of undeformed tilted cover, or simple drape 
structures on basement blocks, occur in regions where the preserved 
sedimentary cover is thin; (2) Complex tight structures, where basement 
is less rigid, occur in areas where the preserved sedimentary cover is 
relatively thick; (3) Independent behaviour of the cover may take place 
due to (a) gravity (small-scale collapse structures driven by gravity and 
favoured by erosion), or (b) salt (salt in anticlines without clear evidence 
of typical salt domes in the Sabana de Bogotá area; Fig. 1 for location); 
and (4) disharmonic relationships occur in areas where the thickness of 

the preserved sedimentary cover is large (e.g. Sabana de Bogotá). In these 
regions, décollement of the cover from its basement may be facilitated 
by thick shales and accompanied by horizontal slip.  Basement crops out 
within the mountain range at two fault-bounded massifs arranged en-
echelon: the southward-plunging Santander-Floresta and the northward-
plunging Garzón-Quetame massifs (Figs. 1 and 2). A rather narrow strip 
between the two massifs in the axial part of the range shows a tightly 
folded synclinorium where Cenozoic rocks have been preserved (Julivert, 
1970).

Based on the amount of erosion, the preserved sedimentary 
thickness, and the present day structure, the ECB may be divided into five 
geological structural domains, described below (Figs. 21 and 22).

4.1. MMB FOOTHILLS AND LLAB FOOTHILLS DOMAINS

These structural domains coincide with the geographic foothills of 
the ECB along its western (MMB) and eastern (LlAB) flanks. Each foothill 
domain corresponds to a tract of the Cordillera that contains rocks and 
structures that lie beneath the frontal thrust faults. During the Jurassic-
Cretaceous rifting phase, these foothill domains were located at the rift 
shoulders, where secondary normal faults developed. Structural styles 
identifiable today in these domains are dominated by thin-skinned thrusts 
detaching from Late Cretaceous to Early Cenozoic sections, and developed 
during the Andean orogeny.  Older high-angle normal faults involving pre-
Cretaceous rocks were inverted by varying amounts as seen in the Tame, 
Tocoragua and Cusiana structures. According to Mora et al. (2006), thin-
skinned thrust development is restricted to the outermost parts of the 
orogen in the MMB and LlAB foothills domains (Figs.  21, 22, and Figs. 31, 
32 to 36, 45 and 46 in Seismic Interpertation Chapter 6).

The MMB and LlAB foothills domains are proven to have high 
exploration potential for light hydrocarbons, favored by large structures, 
presence of stacked reservoir rocks, proximity to the main oil kitchen and 
effective migration and charge. Trap types are 3-way thrust anticlines, 
4-way closures and sub-thrust duplex structures (Repsol et al., 2002). 
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Figure 21. Three regional cross sections through the ECB and their restoration to the end of the Cretaceous. According to these restored sections, the area of the 
ECB was an extensional basin with grabens limited by normal faults during the Cretaceous. In the northern and central cross-sections note the eastern Cocuy Gra-
ben and western Tablazo Graben limited by two major normal faults inverted during Cenozoic time. The Southern Cross section shows one major graben: the Cun-
dinamarca sub-basin. Lateral changes of thickness of the Cretaceous sedimentary sections support this interpretation. This major extensional basin and their minor 
grabens were inverted and many reverse faults are interpreted as inverted Mesozoic faults. According to these sections, most of these faults are now high angle 
reverse faults that define a regional double-verging orogen. Only locally, (mainly at the external eastern and western foothill areas) were low angle thrust faults de-
veloped. From Repsolet al. (2002).
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Figure 22. Structural domains of the ECB. These domains are approximately 
symmetrical from the central Sabana de Bogota-Tunja-Sogamoso axial region of 

the ECB.  From Repsol-YPF et al. (2002).
The Central Depresional Domain is located along the axial region of the ECB. 
This domain is a synclinorium, where Palaeogene sedimentary units of the ECB 

are cropping out. Surface geology suggests wide synclines limited by narrow 
anticlines, usually associated with reverse faults. Some of these anticlines have 
been interpreted as folds related to reverse faults at depth. However, in the Sa-

bana de Bogota area some of them have been interpreted as related to salt diapir 
structures. Others have been interpreted as buckling folds, not necessarily associ-
ated with reverse faults. Surface geology allows recognition of reverse faults, but 

rarely low-angle thrusts. Because in syncline areas the Palaeogene is cropping 
out, potential sub-surface structural traps with Cretaceous reservoirs (Une Fm. 
and Guadalupe Gp. sandstones) have been protected from erosion. In contrast, 

potential structural traps with Palaeogene reservoirs are greatly reduced as they 
were predominantly affected by exhumation and erosion. Although some discov-

eries have been made, no commercial production comes from this region.
The Eastern and Western Inverted Domains are anticlinoria areas located at 

both flanks of the ECB where Lower Cretaceous sedimentary rocks are cropping 
out and locally Jurassic, Paleozoic sedimentary rock outcrops occur. The maxi-

mum thickness of the Cretaceous  (up to 7 kms) in these uplifted areas, compared 
to reduced Cretaceous thickness in the low land MMB and LlABs (< 2 kms), 

suggests that these were Cretaceous depocenters that were inverted along bound-
ing normal faults. These master normal faults are now inverted as reverse faults 

that define the eastern and western boundaries of these domains. Surface geology 
shows folds, high-angle reverse faults and local evidence of inverted faults. De-
tailed studies (Kammer et al., Mora et al) show inverted normal fault evidence. 

No major, low-angle thrust faults have been recognized by surface geology stud-
ies. However, local, detailed, palaeontological evidence has been used to docu-
ment structural stacking (Restrepo-Pace et al., 2004). Because potential source, 

reservoir and seal rock units are cropping out in these inverted domains, very low 
to null hydrocarbon potential is expected for these areas.

The Eastern LlAB and Western Foothills Domains are external zones of the 
ECB where both Cretaceous and Cenozoic (Palaeogene and Neogene) sedimen-

tary rocks are cropping out along low-angle thrust and fold belts. In these areas it 
is possible to recognize inverted normal faults that are now reverse or imbricate 
thrust faults and locally triangle zones with duplexes. These types of structures 
are productive and potential structural traps where Late Cretaceous and Palaeo-

gene reservoirs and seals are involved. 
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4.2. WESTERN AND EASTERN INVERTED DOMAINS

The western and eastern inverted domains are Jurassic-Early 
Cretaceous-cored anticlinoria (Figs.  2 , 21 to 23 and Figs. 31, 37, 38 and 43 
in Seismic Interpertation Chapter 6). The Jurassic-Cretaceous section was 
deposited initially in graben settings and subsequently in thermal sagging 
settings. The former graben-bounding Salinas-Bituima fault system to 
the west and Guaicaramo fault system to the east, are en-echelon fault 
arrays as indicated by curved fault traces and connecting cross faults. 
Their ancestor normal faults may have contributed to development of 
depocenters during the rifting phase. In the graben basins, Jurassic to Late 
Cretaceous sequences are relatively thick. The Soapaga (leading thrust 
of the Floresta Massif) and Boyacá faults (leading thrust of the Arcabuco 
anticline) transfer left latetal displacement of the NW-trending strike-slip 
Bucaramanga fault as shortening within the ECB.  Slip estimates along 
the active Bucaramanga fault range from 45 km (Toro, 1991) to 120 km 
(e.g. Pindell et al., 1998). Although the Guaicaramo fault system has been 
attributed to the main eastern rift-bounding normal fault, geophysical 
evidence indicates that other important normal faults may exist within 
or outside the eastern inverted domain.  Structural styles in the inverted 
domains are characterized by high angle reverse faults inverted from 
precursor normal faults, and low angle thrust faults detached from pre-
Cretaceous rocks along a Cretaceous shaly section (Repsol et al., 2002). 
However, Teson et al. (2011) consider unlikely the ubiquitous presence of 
fault-related folds, based on structural cross sections of the ECB constructed 
with much more conservative shortening values than earlier estimations (a 
minimum of 55 km and a maximum of 80 km). Teson et al. (2011) observed 
that fault-related folds are restricted to the foothill domains. In contrast, 
the interior ECB appears to be dominated by either detachment folds 
or basement-involved buckling (Teson et al., 2011). Fragile deformation 

appears to be concentrated via footwall shortcuts or inversion faults. In 
this scenario, folds previously interpreted as fault-propagation folds, seem 
unlikely to develop (Teson et al., 2011). 

Tectonic inversion of extensional structures was focused along basin-
bounding faults, whereas intrabasinal faults remained inactive and were 
passively transported along basin-bounding faults.  Intrabasinal highs 
remained as high topography upon contraction (Mora et al., 2009). Zones 
of maximum subsidence in extension accommodated maximum elevation 
during contraction. Only faults oblique to compressional stresses were 
reactivated during contraction, creating relief in the developing ECB and 
passively transporting non-reactivated faults. Locally, lateral escape and 
positive flower structures indicating a transpressive regime have been 
recognized (e.g. Cortes et al., (2006). Only basin-bounding structures were 
reactivated efficiently as reverse faults. Internal faults in the former rift basin 
were not suitably oriented for an efficient reactivation during contraction 
(Fig. 23). However, these faults played a fundamental role as strain risers, 
as folding was concentrated west of them. In contrast, reactivated normal 
faults such as the external Servitá fault were responsible for uplifting the 
eastern flank of the ECB (Fig. 23). In addition, these structures are adjacent 
to and genetically linked with thin-skinned faults toward the exterior of 
the mountain range. These domains of the ECB show pervasive presence 
of basement-involved buckling and thrusting (Mora et al., 2006).

Because the amount of inversion is large in the Inverted Western and 
Eastern domains, the prospective section has been substantially eroded 
and their exploration potential for hydrocarbons is limited.
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Figure 23. Regional deformed and restored Las Juntas – LlAB cross-section. Restored section was obtained by flattening the top of the Une Formation. From Branquet 
et al. (2002). Evidence for synsedimentary slip along Early Cretaceous, basin-bounding master faults (such as the Tesalia fault) are: rapid thickness variations, east-

ward stratigraphic thickening of the Lutitas de Macanal Fm. and olistotromes or slumps in the Guavio Fm. “During Andean deformation, the normal Tesalia fault was 
reactivated in compression, uplifting the eastern front of the ECB. The Quetame Massif and adjacent overturned sequence resemble the model of ‘fault-propagation 

folding with fault breakthrough, developed by Mitra (1993) to constrain inversion structures” (Branquet et al, 2002).
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4.3. CEnTrAl dEprESSionAl domAin (SABAnA dE BogoTA, TunjA-
SogAmoSo AxiAl rEgion)

The central depressional domain lies between the eastern and 
western inverted domains. Cenozoic-aged rocks outcrop in synclinal areas.  
Structural styles in the central domain are a combination of basement-
involved faults and thin-skinned detachments (Figs. 2, 21, 22 and Figs. 31 
and 39 to 43 in Seismic Interpertation Chapter 6). Fault-related folds are 
the expected hydrocarbon trap type (Repsol et al., 2002). However, this 
style has been questioned by Teson el at. (2011). Shortening across the 
Soapaga and Boyacá thrusts is rooted in the basement and detaches into 
Cretaceous shaly units such as the Macanal, Fomeque, Chipaque and 
equivalent Formations. Additionally, the presence of salt and associated 
diapirism is a critical factor that shapes surface structure in the central 
sector of the Cordillera, particularly the Sabana de Bogotá (Figs. 43 and 
44 left side in Seismic Interpertation Chapter 6). The presence of sporadic 
outcrops of evaporites in the nuclei of several anticlines such as Zipaquirá 
Sesquilé, and Nemocón, among others, is a direct indicator of their 
presence and mobility from deeper levels.  Autochtonous salt is believed 
to come from lower Cretaceous units, and have migrated to shallower 
upper Cretaceous levels as the Chipaque Fm. This movement could be 
penecontemporaneous with deposition, leading to early development of 
potential traps associated with salt tectonics. The presence of salt is a 
fundamental -but often overlooked- factor in the structural configuration, 
style and geometry of folds and faults in the Sabana de Bogota. Radial 
folds, folds with opposite vergences and pop-up structures, are some 
of the features possibly related to evaporite diapirs within Cretaceous 
units. 

Unlike the inverted domains, the central domain contains sufficient 
hydrocarbon play elements sufficient to support some hydrocarbon 
exploration potential.

4.4. DEFORMATION TIMING

Parra et al. (2009) concluded that episodic eastward migration of the 
orogenic front took place at an average rate of 2.5 – 2.7 mm/a during the 
Late Cretaceous-Cenozoic, based on apatite and zircon fission track ages of 
samples collected along a 150-km-long, transect between 4° and 6°N. They 
identified three major stages of orogen propagation: (1) slow propagation 
(0.5 – 3.1 mm/a) until the early Eocene; (2) rapid orogenic advance (4.0–
18.0 mm/a) during the middle-late Eocene, which accounts for 86% of the 
orogen’s present width; and (3) slow orogen propagation (1.2 – 2.1 mm/a) 
from Oligocene to Holocene times (Figs 11, 12 and 36). They suggested 
that in the course of changes in plate kinematics, the presence of inherited 
crustal anisotropies, such as the former rift-bounding faults of the ECB, 
favored a nonsystematic progression of foreland basin deformation 

through time by preferentially concentrating accommodation of slip and 
thrust loading along these zones of weakness. Deformation started in 
the Eocene and propagated eastward to encompass the entire area of 
the former graben system of the ECB, with shortening rates showing a 
steady increase that peaks in the latest Neogene. At that time, maximum 
topographic elevations were attained and out-of-sequence reactivation of 
master inversion faults focused deformation. (Mora et al., 2011)

4.5. STRUCTURAL CROSS SECTIONS

The regional tectonics and distribution of structural domains 
discussed above are best illustrated through several regional cross sections 
taken from published literature (Figs. 21, 23 to 26).

Figure 21 from Repsol et al. (2002) shows three regional cross-
sections through the ECB and their restoration to the end of Cretaceous 
time. According to these restored sections the area of the ECB was an 
extensional basin limited by master normal faults and grabens during 
the Cretaceous. Lateral thickness changes of the Cretaceous support this 
interpretation. This major Mesozoic extensional basin and its internal 
grabens were later inverted as reverse faults in the Cenozoic. According to 
these sections, most of these faults are now high-angle reverse faults that 
define a regional double verging system. Low-angle thrust faults were only 
developed in the external eastern and western foothills.

Figure 24 from Bayona et al. (2008) shows the location of two regional 
balanced cross sections through the LlAB (except its easternmost part) and 
the eastern flank of the ECB. 

Figure 25 from Bayona et al. (2008) includes (A) Northern and (B) 
central balanced and restored cross sections. Descriptions of these cross 
sections have been largely taken from Bayona et al. (2008).

Structure of the northern Cross Section. This section “starts at the 
western flank of the Santander massif, passes through the northern LlAB 
foothills, and ends at the Caño Limon oil field in the northern LlAB.  The 
section traverses the Pamplona indenter (a basement structural high) and 
the recess of the Guaicaramo fault system (where the Guaicaramo fault 
system is displaced west to become the Cobugon fault)” (Bayona et al., 
2008). 

Structural domains in the ECB and LlAB foothills of this section 
involve basement rocks. To the south, the NW-trending Chucarima fault, 
places a more than 3-km-thick succession of lower Cretaceous rocks in the 
upthrown block on a series of NNW-trending folds of upper Cretaceous 
and Palaeogene strata in the downthrown block. In the latter block, the 
maximum thickness of the lower Cretaceous rocks is only 1.2 km.  
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includes a symmetrical syncline in the hanging wall (domain DC3). Eastward, 
Ordovician, upper Cretaceous, and Cenozoic sedimentary units are involved 
in east-verging low-angle thrust fault systems (domain DC4; Martinez, 
2006). These faults affected the eastern flank of wide synclines; both frontal 
faults and synclines form an en echelon array along the eastern boundary 
of the LlAB foothills, suggesting a strike-slip component of compressional 
deformation. In the LlAB (domain DC5), upper Cretaceous and Cenozoic 
strata dip gently westward and overlie Paleozoic and basement crystalline 
rocks. Basement faults locally affect sedimentary units. Total shortening 
estimated for this cross section is 43 km. Basement-involved faults transfer 
displacement eastward into a dominantly east-verging fold-and- thrust belt 
with décollement surfaces at several levels within Cretaceous and Oligocene 
strata. West-verging fault systems in the axial zone of the ECB are interpreted 
as back thrusts that deform the footwall of the Pesca fault (domain DC1). The 
east-verging basement-cored anticline-syncline pair in the LlAB foothills is 
interpreted as an overturned and displaced fault-propagation fold because: 
(1) beds in the hanging wall and foot- wall blocks of the Guaicaramo fault 
system are overturned and dip at high angles, and (2) the Guaicaramo fault 
system displaced overturned beds of the eastern flank of the anticline. Out-
of-sequence reactivation is inferred from offsets of fold axes across the east-
verging Chameza fault and from the irregular hanging-wall and footwall 
cutoff patterns of the Guaicaramo fault system” (Bayona et al., 2008).

Figure 26 from Bayona et al. (2008) shows a kinematic forward model 
for the central cross-section since the late Maastrichtian. Basin geometry 
and position of tectonic activity are constrained by geodynamic flexural 
modeling, thermochronology and geochronology data, growth structures, 
provenance and paleocurrent data. A description of this model has been 
taken from Bayona et al. (2008). According to these authors “the first 
shortening in this area occurred during latest Cretaceous to late Paleocene 
time, earlier than in the northern cross section. Flexural loads were 
located west of the Pesca-Soapaga fault system; they advanced eastward 
to involve rocks of the eastern flank of the ECB during the late Paleocene. 
These pulses explain the eastward thinning of Maastrichtian-Paleocene 
sequences one and two, which are bounded at the base by sandstones 
and conglomerates and, at the top, by fine-grained strata. Flexural uplift 
related to the Maastrichtian phase of deformation explains the presence 
of quartzose sandstone and conglomerate beds in the LlAB foothills, which 
were supplied mainly from uplifted cratonic sources. Flexural extension 
at the border of the forebulge in the LlAB foothills explains the presence 
of faults in the Paleocene (65 Ma), as indicated by micas filling vein-wall 
rocks. During the Paleocene, upper Cretaceous strata were eroded in the 
eastern LlAB foothills and LlAB, and synorogenic deposition of the Barco-
Cuervos succession migrated eastward. Unstable lithic fragments indicate 
that uplifted areas were less than 100 km from the LlAB foothills, Bogotá, 
and Tunja areas, and those uplifts controlled the northward dispersal of 
detritus, as indicated by paleocurrent data.

Bayona et al. (2008) reported a total shortening of 30.5 km from 
structural restoration. The west-dipping, basement-involved faults transfer 
displacement eastward through an imbricated fold-and-thrust belt in the 
LlAB foothills. “Major displacements occurred along faults exposed in 
the Santander massif area (domains DN1&2)”. The authors inferred “out- 
of-sequence deformation along the Cobugon and Samore faults from 
the crosscutting relation between fault surfaces and footwall structures 
(domain DN3)” Bayona et al. (2008). Growth-stratal patterns identified in 
the syncline bounded by the Samore fault suggest a late Oligocene– early 
Miocene phase of east-verging deformation (Cortés et al., 2006). Two 
structural styles are defined at both ends of the northern LlAB (domain 
DN4). In the western end, “strata are folded in an anticline (well A1&3), 
and upper Oligocene–lower Miocene strata thin at the crest of the fold, 
suggesting a growth structure. At the east side (well CL1), upper Oligocene–
lower Miocene strata document normal faulting during sedimentation.” 
These patterns resulted from flexural deformation associated with a 
forebulge (Cortés et al., 2006).

“The geometry of the frontal thrust belt recess, north of the 
transversal Chucarima fault suggests that: (1) the Chucarima fault was an 
E-W transfer fault system in a N-S system of normal faults during Mesozoic 
rifting; and (2) the recess and salient geometries of the frontal thrust belt 
across the Chucarima fault are controlled by lateral thickness changes of 
lower Cretaceous sedimentary units” (Bayona et al., 2008).

Structure of the Central Cross Section. This section “traverses 
the area where the Guaicaramo fault system advances the most into the 
foreland basin and the ECB reaches its maximum NW-SE width. The west 
end of the section lies on the hanging wall of the east-verging Pesca fault, 
the southern equivalent of the basement-rooted Soapaga fault system to 
the north”. Along this cross section, no exposures of basement blocks are 
present through the LlAB foothills. “Farther south along the LlAB foothills, the 
Quetame massif plunges northward, and the Guaicaramo fault is displaced 
to the west to become the Servita fault. The alignment of these elements 
corresponds to the Sabanalarga transverse zone, which is interpreted as a 
buried E-W transfer fault system composed of Mesozoic normal faults”, (in 
this area and farther south in the Nazareth transfer zone) as suggested by 
Sarmiento-Rojas et al. (2006). Although basement rocks are not exposed 
along the section between the Chucarima and Sabanalarga transverse zones, 
Bayona et al. (2008) interpreted basement-rooted faults as the boundaries 
of structural domains in the ECB and LlAB foothills. “These basement-rooted 
faults (domains DC1&2) are interpreted as inverted normal faults because 
of the contrasting stratigraphic thickness of Paleozoic-Mesozoic units across 
different fault blocks (Mora et al., 2006; Kammer and Sanchez, 2006). The 
LlAB foothills area includes the east-verging Guaicaramo fault, overturned 
Neogene beds in the adjacent syncline, and low-angle thrust faults at 
the leading edge of the deformation front. The Guaicaramo fault system 
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Figure 24. Location of two regional balanced cross sections through the LlAB (except its easternmost part) and the eastern 
flank of the ECB. From Bayona et al. (2008). Note the location of the main faults mentioned in the text.
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During the early and middle Eocene, tectonic loads were located 
in the MMB, as indicated by the angular unconformity underlying 
Eocene strata and strike-slip deformation. Farther to the east, a period of 
westward-increasing subsidence took place in the axial zone of the ECB. 
The amalgamation of fluvial channels of the Mirador Formation indicates 
low rates of subsidence during this episode of deformation. The presence 
of lithic fragments and fragments of Cretaceous foraminifera in the axial 
zone of the ECB indicates that minor uplifts continued to supply detritus to 
the adjacent basin.” (Bayona et al., 2008)

“Late Eocene to middle Miocene shortening emplaced loads less 
than 4 km high in the area between the axial zone of the ECB and the 
eastern LlAB foothills. Exhumation of this area, bounded by the Chameza 
fault to the east, is supported by AFTA data. At this time, a fold-and-
thrust belt advanced eastward to the present position of the western LlAB 
foothills, and the salient-recess geometry of the thrust belt began to form. 
Deposition in the eastern LlAB foothills was mostly accommodated by 
increasing flexural subsidence toward the ECB, as indicated by the abrupt 
change in thickness of Oligocene and lower Miocene strata, and it was less 
affected by growth of incipient structures. The dominance of sublitharenite 
and subarkose supports the interpretation that nearby structures in the 
eastern LlAB foothills were not exposed to supply detritus to the basin.” 
(Bayona et al., 2008)

“Strong basin inversion took place during middle Miocene to Pliocene 
time and gave rise to today’s ECB structural configuration. Equivalent 
tectonic loads along the eastern flank of the ECB were 10–11 km high, 
and they advanced eastward to the eastern boundary of the LlAB foothills. 
The onset of Andean-scale deformation created a regional and nearly 
simultaneous flooding event that is recorded in most of the sub-Andean 
foreland basins in the middle Miocene. The rapid uplift and consequent 
basin filling caused abrupt eastward migration of the forebulge and fluvial-
alluvial depositional systems originating from the ECB.” (Bayona et al., 
2008)

“The most active fault during this latter tectonic phase was the 
Guaicaramo fault system, which allowed exhumation of the Quetame 

massif and basal Cretaceous strata. It was only at this time that strong 
surface uplift took place between 6 and 3 Ma, as documented by the 
change of paleobotanical associations and the generation of an orographic 
barrier that accelerated deformation on the eastern flank of the ECB. Out-
of-sequence deformation along the Guaicaramo fault system was coeval 
with the different phases of exhumation documented by AFTA data for the 
Garzon and Quetame massifs.” (Bayona et al., 2008)

Sarmiento-Rojas (2001) presented a plan-view restoration of the 
ECB of Colombia using publicly available balanced cross- sections (Fig. 
27). According to this area-restoration, the amount of shortening during 
Andean deformation is approximately one half of the present-day width 
of the Cordillera, increasing northward in width and amount. Kinematic 
indicators (fault striae) and other outcrop structural data, borehole breakout 
data and focal mechanism solutions of upper crustal earthquakes support 
the restoration results. These results indicate: (1) ENE-WSW shortening 
perpendicular to the regional structure of the ECB; (2) Conjugate (?) or 
pseudo- conjugate (?) left-lateral and right-lateral strike-slip faulting; (3) 
Clockwise rotation of the Central Cordillera, MMB and western flank of 
the ECB; (4) Right-lateral transpressive deformation of the SE flank of 
the ECB (Cocuy and eastern Cundinamarca sub-basin, Fig, 1 for location); 
(5) Left-lateral transpressive deformation of the NW flank of the ECB 
(Magdalena-Tablazo sub-basin Fig, 1 for location); and (6) Transpressive 
inversion of Mesozoic extensional basins triggered by Andean deformation 
which ultimately generated the ECB . The western ECB was affected by N-S 
sinistral transpression, while the eastern part was affected by E-W dextral 
transpression.

Geodetic GPS-derived plate motion vectors and plate kinematic 
reconstructions indicate that the North Andean Block is moving northward 
as a whole relative to stable South America with a dominant right-lateral 
strike-slip component along the easternmost boundary faults (Kellogg 
and Vega, 2000). This modern strike-slip component was probably less 
important during the whole Neogene period of Andean deformation, as 
suggested by the map view restoration (Sarmiento-Rojas, 2001).
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Figure 25. (A) Northern and (B) central balanced and restored cross sections through the LlAB (except its easternmost part) and the east-
ern flank of the ECB.From Bayona et al. (2008). See description of these cross sections in the text.

Eastern Cordillera NVA DIAGRAM Correc.5 Abr20.indd   65 21/04/12   8:06



66
»»

PE
TR

O
LE

U
M

 G
EO

LO
G

Y 
O

F 
CO

LO
M

BI
A

CHAPTER 4 - STRUCTURE

Figure 26. Kinematic forward model for the central cross section through the LlAB (except its easternmost part) and 
the eastern flank of the ECB since the late Maastrichtian. From Bayona et al. (2008). See explanation in the text.
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Figure 27. Regional map view restoration of Neogene deformation of the ECB.From Sarmiento-Rojas (2001).
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5. GRAVIMETRIC AND 
MAGNETOMETRIC INTERPRETATION
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Figures 28 and 29 show results from interpretation of airborne 
gravity and magnetic data collected by Carson Helicopters Inc. (Aerogravity 
Division) over a portion of the ECB of Colombia (Soapaga Sector, Foothills 
and Eastern LlAB) for the National Hydrocarbon Agency (ANH) (Graterol 
2009; Carson Aerogravity 2009).

Graterol (2009) processed and interpreted both the gravity and 
magnetic data. The interpretation combined gravity and magnetic data 
with 2D seismic data, surface geological maps and deep wells, and defined 
the location and map-view extension of density contrasts caused by 
buried structures.  Major basement trends, regional structures and local 
faults were identified. The gravity and magnetic modeling and 3D gravity 
inversion of the top of Pre-Cretaceous (Paleozoic and / or Precambrian 
igneous-metamorphic) basement honored depths from control points 
such as basement outcrops and borehole data.

5.1.  BASEMENT GEOMETRY

In the ECB, Upper Paleozoic to Jurassic units are sedimentary rocks, 
which define the economic basement, but not the crystalline basement. 
The crystalline basement consists of Lower Paleozoic and pre-Cambrian 
metamorphic rocks and locally igneous rocks. Therefore, the top of the 
crystalline basement is the top of Lower Paleozoic metamorphic rocks 
(Quetame Gp. and lateral equivalent units). The structural contour 
map of the crystalline pre-Cretaceous basement top (Fig. 30) shows 
three major depressions or lows 5000 m below sea level (in blue) and 
apparent vertical thickness of Post-Paleozoic units between 5000 and 
8000 meters. From West to East these lows are located below: (1) the 
southern part of the Western inverted domain, within the area of the 
Early Cretaceous Cundinamarca sub-basin (see Fig. 1 for location), where 
the top of basement is near 5000m below sea level with a 8000 m deepest 
point; this area was an Early Cretaceous rift depocenter with sediment 
thickness up to 7000 m. Toward the north this low seems to continue 
in the westernmost part of the Early Cretaceous Tablazo sub-basin (see 
Fig. 1 for location), and the MMB foredeep, where lithosphere flexural 
subsidence in response to topographic loading of the ECB generated 
accommodation space for a thick (> 5000 m) Cenozoic sedimentary pile. 
In the western part of the Tablazo sub-basin basement is moderately 
deep (3000 m below sea level) with increasing Cretaceous thickness close 
to the inverted normal faults that define the western margin of the ECB 
(e.g. La Salina Fault).  (2) a NE-SE fringe below the Central depressional 
domain (Sabana de Bogota, Tunja axial region excluding the northern 
Sogamoso area, (see Fig. 1 for location), where basement top is 5000 m 
below sea level and a 9000 m deepest point below Bogotá. Below the 
Sabana de Bogota, Paleozoic, Cretaceous and Cenozoic sequences may 
be between 8500 and 10500 meters thick. This area was also part of the 
Cundinamarca sub-basin, an early Cretaceous rift depocenter. Basement 

shallows towards the NE. In the northeastern corner this SE-NE trending 
basement low ends abruptly against a structural ENE break. This structural 
break corresponds to a fault zone (Soapaga and Boyaca faults) that brings 
out the pre-Cretaceous shallow basement of the Floresta Massif and the 
inverted Tablazo sub-basin (see Fig. 1 for location, Cobardes, Arcabuco 
and Floresta areas); (3) the LlAB foredeep, where the basement top is 
4000 m below sea level and the deepest point sits at a depth of 7600 
m in the Colombia-Venezuela border. This foredeep area represents the 
most subsident part of the foreland LlAB generated by lithosphere flexure 
in response to topographic loading of the ECB. This flexural subsidence 
generated accommodation space for 4000 m to 7000 m of Paleozoic to 
Cenozoic (mainly Neogene) sediments. Thickness decreases gradually 
away from the foothills and into the eastern foreland LlAB. 

The basement map of the ECB indicates areas of shallow basement, 
characterized by the top of the basement above sea level (red and pink 
in figure 30). From west to east these basement highs are: (1) a N-S 
fringe in the southwestern MMB, where basement is very shallow, and 
the Central Cordillera where metamorphic basement is cropping out. (2) 
The eastern part of the Tablazo sub-basin (see Fig. 1 for location) where 
the basement top is 1000 m above sea level, most of the Cretaceous has 
been eroded away, and Jurassic to Lower Cretaceous units are cropping 
out. This shallow basement is tilted to the west reaching 3000 m below 
sea level in the western part of the Tablazo-sub-basin (see Fig. 1 for 
location) where most of the Cretaceous units are still preserved. This tilted 
basement configuration, suggests that the Early Cretaceous Tablazo sub-
basin was a hemi-graben that was tectonically inverted along the Soapaga 
and Boyaca faults generating a west-deepening basement homocline. The 
northwestern block of the Boyaca fault defines an elongated basement 
high that continues SW, compartimentalizing the western part of the 
Cundinamarca sub-basin (see Fig. 1 for location, basement shallower than 
5000 m NE green fringe in the map, separating two areas of basement 
deeper than 5000 m, blue in the map). The inverted Boyaca fault and a 
NE-SW trending fault crossing between the NW border of the Sabana de 
Bogota and Villeta, and cutting the Guaduas syncline in a right lateral sense 
(see Figs. 1 and 2 for location), seems to be connected as the SE border 
of this NE-SW trending basement high. This basement high was probably 
the result of dextral transpressive inversion of the Boyaca fault and its SW 
continuation parallel to the Ibague Fault (see Fig. 1 and 2 for location). (3) 
The Santander and Floresta Massifs, where basement is above sea level, 
crops out and locally reaches elevations up to 3000 m above sea level. This 
area adjacent to the left-lateral Bucaramanga fault was a less subsident 
horst block during the Early Creatceous, and was one of the first areas that 
started to exhume during the Cenozoic. (4) Basement top in the Eastern 
inverted domain of the ECB, including the Early Cretaceous Cocuy rift sub-
basin and the eastern part of the Cundinamarca sub-basin (see Fig. 1 for 
location) is above sea level with a shallowest point 4000 m above sea level 
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• EASTERN CORDILLERA

in the Cocuy sub-basin near the Sierra Nevada del Cocuy, where the Lower 
Cretaceous is cropping out and most of the thick Cretaceous sequence has 
been eroded. A secondary basement high is 3000 m above sea level in 
the Quetame Massif, where all Cretaceous rocks have been eroded and 
Lower Paleozoic metamorphic basement crops out. This area was an Early 
Cretaceous rift depocenter. However, the presence of relatively shallow 
basement suggests that this depocenter was almost totally inverted and 
the syn-rift fill was vertically extruded and partially eroded during the 
Cenozoic (mainly Neogene). 

Additionally, the map (Fig. 30) suggests northwest to east-west 

minor faulting. The map shows intra-basin compartmentalization, forming 
structural highs and lows. This compartmentalization can be original syn-
rifit compartmentalization or generated by later contractional transpressive 
inversion. Cenozoic tectonic processes not only inverted major syn-rift 
normal faults, but also raised the Cordillera ECB and divided the main 
basin into three structural lows. 

As mentioned above, 2D seismic data are available only for the axial 

Figure 28. Bouger gravity anomaly map of the ECB.From Graterol and Carson 
Aerogravity (2009). 

Figure 29. Total magnetic intensity reduced to the pole.From Graterol and Car-
son Aerogravity (2009).
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CHAPTER 5 - GRAVIMETRIC AND MAGNETOMETRIC INTERPRETATION

Figure 30. Map to the top of the pre-
Cretaceous basement. From Graterol 

and Carson Aerogravity (2009). 
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CHAPTER 6 - SEISMIC INTERPRETATION

region and eastern and western foothills. Frequently, however, seismic 
data are of poor quality (Dengo and Covey, 1993). The amount and quality 
of the existing seismic information are not sufficient to guarantee an 
interpretation without ambiguity. Specific problems are:  low accuracy 
in seismic reflector identification, definition of the pre-Cretaceous, 
predominant vergence direction of inverse faults, and identification and 
correlation of possible systems of cross-sectional faults. The expression of 
surface geology is extremely complex. 

The following figures (Figs. 31 to 46) show typical seismic lines for 
each structrural domain of the ECB.

Figure 31 shows structural domains of the ECB and the location of 
seismic lines shown below.

Figure 32 from Ecopetrol et al. (1998) is an interpreted seismic line 
of the MMB foothills domain of the ECB. Note the triangular zone and 
contained duplex.

Figure 33 from Morales (2001, in Cordoba et al., 2001) is an 
interpreted seismic line of the MMB foothills of the ECB. In this structural 
domain structures are west verging as the Provincia and Sabana faults 
shown here. Note that the Sabana fault is fossilized below the middle 
Eocene unconformity. The Provincia Fault is a blind thrust that terminates 
with several splays at the Provincia anticline. Note lateral thickness 
changes in these anticlines in growth strata deposited simultaneously with 
structural deformation.  

Figure 34 from Ecopetrol et al. (1998) is an interpreted seismic line 
of the MMB foothills domain of the ECB. Note several imbricated thrust 
faults.

Figure 35 from Ecopetrol et al. (1998) includes two interpreted 
seismic lines of the MMB foothills domain of the ECB.  Note several 
imbricated thrust faults and the passive syncline with Cenozoic deposits. A 
triangle zone with a duplex can be alternatively interpreted. However, the 
seismic image is somewhat noisy.

Figure 36 from Ecopetrol et al. (1998) is an interpreted seismic line 
of the MMB foothills domain of the ECB. Note the passive syncline with 
Cenozoic deposits. 

Figure 37 from Ecopetrol et al. (1998) is an interpreted seismic line 
of the western inverted domain of the ECB and the western foothills of 
the ECB. Note a pop up basement block limited by reverse faults near the 
center. Lower Cretaceous rocks are cropping out in most of the section. In 
the western part, reverse faults are verging to the west and Cenozoic rocks 
are cropping out. Note that most of the faults are high angle reverse faults 
involving the basement.

Figure 38 from Ecopetrol et al. (1998) is an interpreted seismic line of 
the western inverted domain of the ECB. 

Figure 39 from Repsol et al. (2002) is an interpreted seismic section 
of the Central depressional domain in the Tunja area. Numbers on 
interpreted reflectors are approximate ages in M.a.  Note the location of 
the Cormichoque-1 well, which appears to be drilled in a fault-bounded 
closure at Une level. See seismic contour map of figure 47.

Figure 31. Structural domains of the ECB and location of seismic lines shown in 
figures 32 to 46.
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Figure 32. Interpreted seismic line of the 
Western foothills domain of the ECB. 
From Ecopetrol et al. (1998). Note the 
triangular zone filled with a duplex.

Figure 33. Interpreted seismic line of the Western foothills domain of 
the ECB. Modified from Morales (2001, in Cordoba et al., 2001). 
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CHAPTER 6 - SEISMIC INTERPRETATION

Figure 34. Interpreted seismic line of the Western foothills domain of the ECB. From Ecopetrol et al. (1998). Note several imbricated thrust faults.
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Figure 35.Two interpreted seismic 
lines of the Western foothills domain of 
the ECB. From Ecopetrol et al. (1998).
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CHAPTER 6 - SEISMIC INTERPRETATION

Figure 36. Interpreted seismic line of the Western foothills domain of the ECB. From Ecopetrol et al. (1998).

Figure 37. Interpreted seismic line of the western inverted domain of the ECB and the western foothills of the 
ECB in the westernmost part of the section. From Ecopetrol et al. (1998).
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Figure 38. Interpreted seismic line of the western inverted domain of the ECB.From Ecopetrol et al. (1998).

Figure 39. Interpreted seismic section of the Central depressional domain in the Tunja area.
From Ecopetrol et al. (1998).Numbers on the interpreted reflectors are approximate ages in M.a.  
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CHAPTER 6 - SEISMIC INTERPRETATION

Figure 40 from Repsol et al. (2002) is an interpreted seismic section 
of the Central depressional domain in the Laguna area. Note the depressed 
syncline block east of the east verging Soapaga fault, where Cenozoic rocks 
are cropping out. Numbers on interpreted reflectors are approximate ages 
in M.a. 

Figure 41 from Repsol et al. (2002) is an interpreted seismic section 
of the Central depressional domain, east of the Soapaga reverse fault. 
Numbers on interpreted reflectors are approximate ages in M.a.  Note the 
depressed syncline block between the east verging Soapaga fault ant the 
west verging Cuitiva fault, where Cenozoic rocks are cropping out.  Note 
the anticline formed by Upper Cretaceous rocks where the Bolivar-1 well 
was drilled.  Below the Soapaga fault, some apparent closures have been 
interpreted as potential traps. Note the location of the Corrales-1 well. See 
seismic contour map of figure 49.

Figure 42 from Ecopetrol et al. (1998) contains two interpreted 
seismic lines of the Central depressional domain of the ECB. 

Figure 43 from Ecopetrol et al. (1998) is an interpreted seismic line 
of the eastern inverted domain and the westernmost Central depressional 
domain. The west end of the section in the Central depressional domain 

shows a syncline where Cenozoic rocks are cropping out and a salt diapir 
that has evacuated upward along a high angle reverse fault. Lower 
Cretaceous rocks are cropping out in the rest of the section. Note the 
great thickness of lower Cretaceous section and high angle reverse faults 
involving basement. 

Figure 44 from Ecopetrol et al. (1998) is an interpreted seismic line of 
the Central depressional domain of the ECB. 

Figure 45 from Rojas (2002) is an interpreted seismic line of the 
Cusiana structure at the eastern LlAB foothills domain. Note the east verging 
imbricate Cusiana and Yopal emergent thrust faults east of the Nunchia 
syncline. Note that Cenozoic Neogene sediments are cropping out along 
the section. According to Cazier et al. (1995) the Cusiana fault is rooted at 
depth as an inverted normal fault. Note a normal fault interpreted in the 
eastern part of the section.

Figure 46 from Rojas (2002) is an interpreted seismic line of the 
Niscota area in the LlAB foothills domain. Note: (1) Imbricate frontal thrust 
faults, (2) the Nunchia syncline and (3) Stacked thrust sheets forming a 
duplex between the frontal syncline and the western reverse fault.
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Figure 40. Interpreted seismic section of the Central 
depressional domain in the Laguna de Tota area.Num-
bers of the interpreted reflectors are approximate ages 
in M.a. From Ecopetrol et al. (1998).

Figure 41. Interpreted seismic section of the Central 
depressional domain, east of the Soapaga reverse fault. 
Numbers of the interpreted reflectors are approximate 
ages in M.a.  Modified from Repsol et al. (2002). See 
explanation in the text.
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CHAPTER 6 - SEISMIC INTERPRETATION

Figure 43. Interpreted seismic line of the 
Eastern inverted domain and the Central 

depressional domain at its westernmost part. 
From Ecopetrol et al. (1998).

Figure 42. Two interpreted seismic lines of the Central depressional domain of the ECB. From Ecopetrol et al. (1998).
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Figure 45. Interpreted seismic line 
of the Cusiana structure at the east-
ern LlAB foothills domain.Modi-
fied from Rojas (2002). 

Figure 44. Interpreted seismic line of the Central depressional domain of the ECB. From Ecopetrol et al. (1998).

Eastern Cordillera NVA DIAGRAM Correc.5 Abr20.indd   85 21/04/12   8:07



86
»»

PE
TR

O
LE

U
M

 G
EO

LO
G

Y 
O

F 
CO

LO
M

BI
A

CHAPTER 6 - SEISMIC INTERPRETATION

Figure 46. Interpreted seismic line from 
the Niscota area in the LlAB foothills 
domain. Modified from Rojas (2002).

6.1. STRUCTURAL MAPS

Figures 47 to 51 show structural maps of the Une and Guadalupe 
Fms., considered the main potential reservoir units in the Depresional 
Structural Domain (Sabana de Bogota, Tunja Sogamoso Axial Region).

Figure 47 from Repsol-YPF et al. (2002) contains structural contour 
maps at the top of the Une and Guadalupe Fms. for the Tunja area, between 
Tunja and Paipa. Note the structural closure where the Cormichoque-1 
well was drilled.

Figure 48 from Repsol-YPF et al. (2002) contains structural contour 
maps at the top of the Une and Guadalupe Fms. for the Soapaga area, 
between Corrales and Sativanorte. Note the structural closures at the Une 
Fm. top.

Figure 49 from Repsol-YPF et al. (2002) contains structural contour 
maps at the top of the Une and Guadalupe Fms. for the Laguna area, 
between Pesca and Tasco. Note the structural closures.

Figura 50 from Repsol-YPF et al. (2002) is a structural contour map at 
the top of the Une Fm. for the Tunja area, between Jenesano and Duitama. 
Note the structural closure where the Cormichoque-1 well was drilled, in 
apparent fault-bounded closure at Une level. 

Figura 51 from Repsol-YPF et al. (2002) is a structural contour map 
at the top of the Une Fm. for the area east of the Soapaga Fault, between 
Pesca and Sativanorte. According to Repsol-YPF (2002), Une and Guadalupe 
structures are decoupled in the Soapaga area. Note also Tota and Bisbita 
closures are at Une level. Central Bolivar and Tamauka trend is complex 
and affected by transverse faults. 
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Figure 47. Structural contour seismic interpretation maps at the top of Une and Guadalupe Fms. for the Tunja area, between Tunja and Paipa towns.Modified from 
Repsol-YPF et al. (2002). Note structural closure where the Cormichoque-1 well was drilled.
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CHAPTER 6 - SEISMIC INTERPRETATION

Figure 49. Structural contour seismic interpre-
tation maps at the top of Guadalupe and Une 
Fms. for the Laguna area, between Pesca and 

Tasco.Modified from Repsol-YPF et al. (2002). 
Note structural closures.

Figure 48. Structural seismic maps at the top of 
Guadalupe and Une Fms. for the Soapaga area, 

between Corrales and Sativanorte. Modified 
from Repsol-YPF et al. (2002). Note structural 

closures at the Une Fm. top.
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Figure 50. Structural seismic map at the top of Une Fm. for the Tunja 
area, between Jenesano and Duitama.Modified from Repsol-YPF et al. 
(2002). 

Figure 51. Structural seismic map at the top of Une Fm. for the area 
east of the Soapaga Fault, between Pesca and Sativanorte. Modified 
from Repsol-YPF et al. (2002). 
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CHAPTER 7 - PETROLEUM GEOLOGY

A long and diverse geologic history, appropriate sedimentary 
environments and plate-margin tectonics have provided the necessary 
conditions for petroleum generation, migration and trapping in the ECB.  
The following paragraphs summarize the current state of knowledge of the 
petroleum geology. 

7.1. PETROLEUM SYSTEMS ELEMENTS

Positive hydrocarbon occurrences are evidence that the ECB is a 
potentially prolific petroleum province. Multiple oil-seeps and recent 
discoveries indicate the existence of at least one petroleum system. Figure 
52 shows the stratigraphic position of the main source, reservoir and seal 
rocks of the ECB. 

Main source rocks (dark blue in Fig. 52) are organic-rich, fine-
grained, pelagic limestone and shale units that approximately correspond 
to maximum flooding surface distal facies of the Aptian-Albian (Hilo Fm., 
Villeta Gp., San Gil, Fomeque. Une Fms. and lateral equivalents in the ECB 
and Paja and Tablazo Fms. in the MMB) and Cenomanian-Turonian (La Luna, 
Churuvita, La Frontera, San Rafael, Chipaque Fms and lateral equivalents 
in the ECB, La Luna Fm in the MMB). A third marine source interval is the 
Coniacian to Santonian (Conejo Fm. In the ECB, upper Galembo member 
of the La Luna Fm. in the MMB and Gacheta Fm. in the LlAB, and lateral 
equivalents).

Figure 52. Regional stratigraphic section or Wheeler diagram of the ECB, MMB and LlAB neighboring Basins.  Horizontal axis represents horizontal distance and 
vertical axis represents geologic time in millions of years.  Petroleum system elements have been highlighted in different colors. After Etayo (1985a, 1994), Geotec 

(1992), Cooper et al. (1995), Geotec (2000), Gomez (2001) and Sarmiento-Rojas (2001). 
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Based on Ro and Tmax data compiled from the literature, the 
approximate top of the mature and overmature source rocks are indicated 
by green and red lines respectively. The red line indicates the top of the 
over-mature zone; rocks below this line are over-mature today, but were 
mature some time in the past. The green line is the top of the mature 
zone; rocks between the green and red lines are in the oil generation and 
expulsion window at present time. The yellow horizontal line at the top of 
the section represents the top of the immature zone; rocks between the 
yellow and green lines are immature at present time.  

potential reservoir rocks (yellow in figure 52) correspond to shallow 
shelf, deltaic or littoral quartz-rich sandstones of the Albian  (Une Fm.) 
and Santonian to Maastrichtian (Guadalupe Gp. and lateral equivalents 
of the ECB). Palaeogene sandstones are the most productive reservoirs in 
the MMB and LlAB, including the LlAB foothills. Their lateral equivalents 
in the axial region of the ECB (sandstones of the Arenisca de Socha, 
Picacho and Guaduas, Fms.) have reservoir potential as well. Because 
Lower Cretaceous sandstones are deeply buried, diagenetic processes 
may have damaged their reservoir properties. Although Cenozoic and 
upper Cretaceous potential reservoirs tend to have better reservoir 
properties than the Lower Cretaceous, these rocks have been locally 
affected by erosion, or are too shallow. The Une Fm and Guadalupe Fm as 
well as some Palaeogene sandstones hold the highest reservoir potential 
in the axial region of the ECB. Overlying shale units may act as potential 
seals. Due to the relatively deep erosion level in the inverted domains of 
the ECB, where the potential reservoir and seal units have been totally 
or partially eroded, the highest trap potential is also in the axial region 
of the mountain range, where prospective reservoir and seal units have 
been preserved.

7.2. SOURCE ROCkS AND HYDROCARBON CHARGE

7.2.1. LOWER CRETACEOUS SOURCE ROCKS

Shaly units of Lower Cretaceous rocks represent possible petroleum 
sources and are widely distributed in the ECB. These units have undergone 
relatively deep burial and heating in the most subsiding depocenters where 
the lithosphere was severely thinned. This burial history contributed to 
early generation and diagenetic destruction of porosity in Lower Cretaceous 
rocks (Sarmiento, 2001). Tibasosa Fm (Aptian-Valanginian), Fomeque Fm. 
(Barremian), and Aptian-Albian rocks represented by the Paja-Tablazo Fm. 
and lateral equivalent units had original source rock potential but are now 
exhausted in the ECB. These rocks now show limited or null generation 
potential upon deformation and uplift of the Cordillera Oriental. (Esri-
Ecopetrol, 1994). 

7.2.2. UPPER CRETACEOUS SOURCE ROCKS

Marine units of the Upper Cretaceous were accumulated in 
depositional environments favorable for petroleum source rock 
deposition, especially in the northwest flank of the ECB away from sources 
of coarse clastic input and continental materials. These rocks contain 
marine organic matter (kerogen type II) deposited in anoxic or oxygenated 
environments. During the Cenomanian-Turonian interval, regionally 
important source rocks, such as the Chipaque Formation, were deposited 
during a global anoxic event (Villamil, 1999). Equivalent rocks in the LLAB 
basin are dominated by type III kerogen, suggesting marginal siliciclastic 
sedimentation in oxygenated environments. Source rocks of the ECB have 
a generating potential that lies somewhere between the better generating 
potential of MMB source rocks and the poorer generating potential of 
source rocks in the LlAB. The nature of oils from these regions is compatible 
with this interpretation (Esri-Ecopetrol, 1994).

The main hydrocarbon source rocks are contained in the Turonian-
Coniacian interval, including the Chipaque and La Luna Formations and 
lateral equivalent units. Figure 53 shows the present day total organic 

Figure 53. Map of organic richness (percentage of total organic content) for the 
Turonian-Coniacian potential source rock interval of a portion of the axial region 
of the ECB between Tunja and Sogamoso or Central depressional domain. Lo-
cally this map indicates good (>1% TOC) to very good (>2%TOC) organic rich-
ness. From Repsolet al. (2002).
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CHAPTER 7 - PETROLEUM GEOLOGY

content of the main Turonian-Coniacian source rock interval in the axial 
region of the ECB. Present day organic richness varies form excellent to 
poor (TOC values greater than 0.5%). Poor values are probably the result of 
organic carbon loss due to past hydrocarbon generation. In the flanks of the 
Cordillera Oriental and much of the axial region of the Sabana de Bogotá-
Tunja, these rocks are mature to overmature. In the Tunja-Sogamoso area, 
rocks are in the early-mature window (Ro 0.5 to 0.7%, Figs. 54 and 55). A 
minor Upper Cretaceous source rock interval is the Coniacian to Campanian 
Umir, Conejo, Plaeners Formations and lateral equivalent units.

7.2.3. CENOZOIC POTENTIAL SOURCE ROCKS

The Cenozoic Guaduas (Maastrichtian  lower Paleocene), and Socha 
Superior (Paleocene) Fms. contain terrestrial organic matter (kerogen type 
III and IV) with low to moderate TOC content (except for coal beds in the 
Guaduas Fm.), with some gas generation potential.

Figure 54. Present day thermal ma-
turity maps for the two source rock 
intervals: the Aptian-Albian (Paja-

Tablazo Fms. and lateral equivalents) 
and the Turonian-Coniacian (La Luna 

Fm. and lateral equivalents) of the 
ECB and MMB. From Garcia et al. 
(2003). Note that (1) maturity level 

of the Aptian-Albian source rock in-
terval is greater than the level of the 
Turonian-Coniacian source-rock, (2) 
In the ECB both stratigraphic inter-
vals are over-mature except for the 

younger Turonian-Coniacian source 
rock in the Axial region of the ECB, 

(3) maximum maturity values ap-
proximately occur in the area of the 
maximum Cretaceous depocenters 

Cocuy, Tablazo and Cundinamarca, 
in the eastern and western inverted 
structural domains of the ECB and 
relative minimum values are in the 

Sabana de Bogota, Tunja, Sogamoso 
axial region or depressional structural 

domain of the ECB. (4) Mature and 
immature values occur in the Western 

foothills of the ECB and the MMB.
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7.2.4. HYDROCARBON GENERATION AND ExPULSION

This summary has been extracted from García et al., (2003). 

ECB’s history was characterized by continuous burial of source rocks 
form their deposition until the Oligocene (in the axial region) when source 
rocks reached their maximum burial depth. This burial event was common 
to all sectors of the basin, but maximum burial depth of source rocks varied 
across the basin. 

7.2.4.1. PAJA-TABLAZO FMS. AND LATERAL EQUIVALENTES SOURCE ROCK 
INTERVAL.

Early stages of expulsion in this source rock interval occurred on the 
western and eastern inverted domains of the ECB (where maturity reaches 
maximum values, Fig. 54 and 56), its axial zone (where this source rock is 
overmature but less mature than in the inverted domains).  Later expulsion 
stages occurred in the MMB and LlAB foothills. The longest period of 
expulsion occurred in the foothills, where generation recently ended. On 
the western and eastern inverted domains and axis of the ECB this rock 
interval was exhausted very quickly. 

Figure 56 from Garcia et al. (2003) shows volume maps of expelled 
hydrocarbons per unit of area from the Aptian-Albian source rock during 
three time intervals:

(1) Between the onset of expulsion and 50 M.a. (pre-Eocene 
and earliest Eocene) the area of the ECB was in the oil generation and 
expulsion window and expelled more than 200000 bbl./acre, the western 
foothills of the ECB and southwestern part of the MMB were also mature 

and expelled between 100000 and 200000 bbl./acre. Volumes of expelled 
hydrocarbons decreased in the MMB toward the NW. The Aptian source 
rock was immature in the northwestern MMB.

(2) Between 50 and 16 Ma. (Eocene to early Miocene) Aptian source 
rock in the area of the ECB was over- mature and became exhausted. The 
western foothills of the ECB and most of the MMB area expelled less than 
100000 bbl./acre and the northwestern part of the MMB remain immature.

(3) Between 16 Ma. and today (Post-early Miocene) the area of the 
ECB was over-mature. Most of the central and southern MMB areas did 
not expel hydrocarbons possibly because the Aptian source rock became 
exhausted. The northeastern MMB expelled less than 5000 bbl./acre of 
hydrocarbons and the northwestern part of the MMB is still immature.

7.2.4.2. CHIPAQUE-LA LUNA FMS. AND LATERAL EQUIVALENTS SOURCE 
ROCK INTERVAL.

Times of beginning, peak and end of expulsion of hydrocarbons 
for this source rock interval vary according to the sector of the basin in 
which they are assessed (Fig. 57). A very early generation occurred in the 
western and eastern inverted domains of the ECB (where source rock is 
overmature, Figs. 54 and 55), later occurred in the axial region (where 
locally source rock is still mature in the oil generation window), the MMB 
and LlAB foothills (Fig. 57). The longest period of expulsion occurred in the 
foothills and axis of the ECB where the end of generation is fairly recent. In 
the eastern and western inverted domains of the Cordillera the rock was 
very quickly exhausted as a result of high temperatures reached in Early 
Cretaceous rift depocenters.  

Figure 55. Regional cross section of the ECB and 
MMB with the structural domains of the ECB 
and maturity for the Turonian-Coniacian source 
rock interval (La Luna Fm. or lateral equivalents). 
From Garcia et al. (2003).Note that (1) the west-
ern inversion structural domain is characterized 
by highest present day maturity values (between 
1.5 and 5 % Ro), (2) the axial region or central 
depressional domain and the western foothills 
domain are characterized by intermediate matu-
rity levels (0.8 to 1.5 % Ro). (3) The eastern and 
central domains of the MMB are characterized by 
maturity levels between 0.6 and 0.8 % Ro and (4) 
the western part of the MMB is immature (Ro< 
0.6%).
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Figure 56. Maps of expelled hydrocarbon volume per unit area from the Aptian-Albian source rock during three time intervals: (1) between onset of expulsion and 50 
M.a. (pre-Eocene and earliest Eocene,(2) between 50 and 16 Ma. (Eocene to early Miocene) and (3) between 16 Ma. and today (Post-early Miocene). From Garcia et 

al. (2003). 
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Figure 57. Maps of expelled hydrocarbon volume per unit area from the Turonian-Coniacian source rock (La Luna Fm. and lateral equivalents) during three time in-
tervals (1) between onset of expulsion and 50 M.a. (pre-Eocene and earliest Eocene), (2) Between 50 and 16 Ma. (Eocene to early Miocene) and (3) Between 16 Ma. 
and today From Garcia et al. (2003). 
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Figure 57 from Garcia et al. (2003) shows maps of volume of expelled 
hydrocarbons per unit area from the Turonian-Coniacian source rock (La 
Luna Fm. and lateral equivalents) during three time intervals:

 (1) Between the onset of expulsion and 50 M.a. (pre-Eocene and 
earliest Eocene) the area of the ECB was mature and generated more than 
200000 bbl./acre of hydrocarbons.  An area of the Cundinamarca Cretaceous 
depocenter generated more than 800000 bbl./acre of hydrocarbons. Some 
generation and expulsion occurred in the western foothills of the ECB. 

(2) Between 50 and 16 Ma. (Eocene to early Miocene) Turonian-
Coniacian source rock was over-mature and became exhausted in most 
of the area of the ECB.  The area of the western foothills of the ECB and 
neighbouring areas of the MMB expelled less than 200000 bbl./acre of 
hydrocarbons. The northwestern MMB remained immature. 

(3) Between 16 Ma. and today (Post-early Miocene) the area of 
the ECB was exhausted. The northern area of the western foothills of the 
ECB and nearby areas of the MMB expelled less than 100000 bbl./acre of 
hydrocarbons. The northwestern MMB remained immature.  The eastern 
flank of the ECB first expelled oils at 38 M.a. Late expulsion of oilsoccurred 
during the last 4 M.a. in the eastern foothills of the ECB (Hernandez et al., 
1977).

7.2.5. HYDROCARBON MIGRATION, ACCUMULATION AND PRESERVATION

Rocks of the Paja-Tablazo Formations and lateral equivalents began 
to generate and expulse oil since the end of the Cretaceous in what is 
now the western inverted domain of the Cordillera Oriental (Figs. 56, 58) 
and probably a similar early generation occurred in the eastern inverted 
domain of the ECB. At present, these rocks are overmature and exhausted. 

Large, low-amplitude folds probably existed in the ECB during the 
Palaeogene. Petroleum system modeling suggests that hydrocarbon 
expulsion occurred at the time, filling these early traps. Hydrocarbon 
volumes available to fill these large early traps were probably huge. 
Later, during the Neogene, intense and rapid deformation destroyed or 
modified these early traps, producing outward remigration of trapped 
oils into external MMB and LlAB younger traps. Neogene deformation 
and exhumation seem to have destroyed early traps, rather than building 
new ones. Only minor hydrocarbon amounts expelled during Neogene 
time were available to fill Neogene traps. Any Palaeogene early traps still 
preserved today would be interesting exploration targets in the ECB and 
foothills (see Fig. 6).

Most of the expelled crude was probably lost due to absence of 
efficient reservoirs and seal units available at the time of expulsion, and 

especially due to the lack of adequate trap configurations. This petroleum 
charge probably migrated outward to the MMB and LlAB basins. Multiple 
structural events during the Cenozoic must have modified the geometry 
and efficiency of any early accumulations. Only oil expulsed since the 
Oligocene has good chance of preservation within favorable structures 
during the latest stages of basin deformation. While this oil represents 
a small fraction of the total volume expelled, mass balance calculations 
(Garcia et al., 2001) suggest that it is sufficient to explain the volumes 
discovered to date, and account for an additional surplus for future findings. 

Geochemical data from MMB oils indicate a mixture of at least two 
pulses of generation, separated by a period of intense biodegradation 
(Rangel et al., 1996; Ramon, et al.1997; Mora, 2000; Garcia, et al.2001). 
This mixture may have resulted from: 

 1) A first Pre-Oligocene (Late Cretaceous to early Eocene?) 
hydrocarbon generation pulse from the ECB, which was subjected to 
alteration due to widespread exhumation of the sedimentary sequence. 
Exhumation probably exposed most existing accumulations to washing 
and biodegradation (Garcia et al., 2003). 

2) A second post-Eocene (Oligocene and Miocene in western 
foothills of the ECB and eastern MMB, according to Garcia et al., 2003, and 
Miocene to Recent -since 10 Ma. ago- in the eastern foothills of the ECB 
and westernmost LlAB, according to Hernandez et al., 1997) hydrocarbon 
generation pulse. This second pulse expelled important oil volumes, 
reaching ancient oil accumulations and refreshing them with younger 
and lighter oils, as suggested by abnormal presence of normal paraffins in 
highly biodegraded crude oils (Garcia et al., 2003). 

Decreases in API gravity and increases in sulfur content in the MMB 
Basin and LlAB, far from the ECB, have been explained by changes in source 
rock type, but may be associated with a relatively greater fraction of 
biodegradaded oils. Oils discovered in the SW tract of the MMB (Velásquez, 
Teca and Cocorná fields, among others) and in the easternmost LlAB (i.e. 
Rubiales) are heavy and highly biodegraded.  Given the local absence 
of source rocks in these areas, these oil fields were charged via lateral 
hydrocarbon migration, probably from the first generation pulse of ECB 
sources.

The ECB foothills combine the most favorable conditions for 
hydrocarbon charge: Much crude oil was expelled long after accumulation 
of the main reservoirs; erosion did not exhume foothills rocks as in the 
inverted structural domains of the ECB; and tectonic processes formed 
structures early in the Cenozoic (Oligocene?), which allowed favorable 
timing of all elements of the petroleum system. A secondary area where 
conditions may have been favorable for hydrocarbon charge is the central 
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Figure 58. Diagram showing the onset, peak and end of hydrocarbon expulsion times of Paja and Tablazo Fms. for areas and points where hydrocarbon generation and 
expulsion were modeled. Light blue area represents hydrocarbon expulsion time intervals in prospective sectors. Other white areas represent sectors without hydrocar-
bon generation. From Garcia et al. (2003).
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CHAPTER 7 - PETROLEUM GEOLOGY

depressional structural domain or axial region of the ECB, where the time 
of hydrocarbon expulsion from the Chipaque-La Luna source rock extended 
until the Neogene (see time of hydrocarbon expulsion from the Suesca 
Norte-1 well on the right side of Fig. 59).  By then, several traps probably 
existed, and Cenozoic reservoirs were preserved. 

7.3. ReseRvoiR Rocks and petRophysical evaluation.

In the axial region of the ECB potential reservoir units are the 
Cretaceous Une Fm, basal sandstones of the Chipaque Fm, Areniscas 
de Chiquinquira Fm, Conejo Fm, Arenisca dura and Arenisca Tierna Fm 
(Guadalupe Gp.). The Palaeogene Socha Inferior Fm and Picacho Fm are 
also potential reservoirs.

Due to the erosion that drastically affected all these potential 
reservoirs, the most interesting units are the Une and Guadalupe 
sandstones in unexposed regions. Table 3 summarizes the petrophysical 
propereties of potential reservoirs.

7.3.1. UNE Fm AND lATErAl EqUIvAlENTS

These sandstone units change laterally westward to shales. Outcrop 
and well logs from the Suesca Norte-1 and Cormichoque-1 wells indicate 
effective porosities between 2 and 15% and permeabilities between 0.01 
and 1000 mD. Burial and quartz cementation are risk factors that may 
affect petrophysical properties as demonstrated in the manzano-1 well 
(British Petroleum, 1987-1989). 

Figure 59. Diagram showing the onset, peak and end of hydrocarbon expulsion times of the La Luna Fm. for areas and points where hydrocarbon generation and ex-
pulsion were modeled. Light blue area represents hydrocarbon expulsion time intervals in prospective sectors. Other white areas represent sectors without hydrocarbon 

generation. From Garcia et al. (2003).
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PETROPHYSICAL PROPERTIES OF POTENTIAL RESERVOIRS

Reservoir unit Location Porosity Permeability

Une Fm. Suesca Norte-1 Cormichoque-1 wells (British Petroleum, 1989) 2 to 15 % 0.01 to 1000 mD

Tunja area: between Tunja and Paipa (Fajardo, 1989) 10 to 20 % 4 to 28 mD

Carrizal (former exploration) Block NW of Tunja: between Tota and 
Malaga east of the Soapaga Fault (Repsol et al., 2002)

5 % or lower

Arenisca Chi-
quinquira Fm.

Tucan (former exploration) Block: NW Sabana de Bogota between 
Facatativa, Alban Pacho, Paime, Ubate, Tausa and Cota (Cordoba et 
al., 2000)

4 to 20 % < 1 mD

Arenisca Dura 
Fm. (Guadalu-
pe Gp.)

Carrizal (former exploration) block NW Tunja: between Tota and 
Malaga towns east of Soapaga Fault (Repsol et al., 2002)

10 to 17 % on thin section and 16 to 18 
% based on porosity modeling

Arenisca Tierna 
Fm. (Guadalu-
pe Gp.)

Carrizal block NW Tunja: between Tota and Malaga towns east of 
the Soapaga Fault (Repsol et al., 2002)

10 to 17 % on thin section and 20 to 22 
% based on porosity modeling

Lanceros (former exploration) block: between Choconta and Tunja 
(Petrobras (1998)

average 24 % up to 1000 mD

Guadalupe Gp. Tucan (former exploration) Block: NW Sabana de Bogota between 
Facatativa, Alban Pacho, Paime, Ubate, Tausa and Cota (Cordoba et 
al., 2000)

5 to 25 % up to 15 mD 

Conejo Fm. Lanceros (former exploration) block: between Choconta and Tunja 
(Petrobras (1998)

5 to 25 %

Arenisca Socha 
Fm.

Carrizal block NW Tunja: between Tota and Malaga east of the Soa-
paga Fault (Repsol et al., 2002)

9 to 12 % 200 to 2000 mD

Table 3. Summary of petrophysical properties of potential reservoir rocks from the ECB.

According to Fajardo-Peña (1998) the Une Fm is the main objective in 
the Tunja area with porosity values between 10-20% (enhanced by mineral 
dissolution due to weathering) and average permeabilities between 4 and 
28 mD based on outcrop samples. In the Cormichoque-1 well, porosity 
values between 4 and 17% and permeabilities between 0,01 and 387 mD 
have been reported.

NW of Sabana de Bogota, the Arenisca de Chiquinquira Fm, lateral 
equivalent of the upper part of the Une Fm, has porosity values between 4 
and 20% enhanced by iron oxide dissolution and very small permeabilities 
(< 1 mD) in outcrop samples (Cordoba et al., 2000). 

In the Sogamoso axial region of the ECB NW of Tunja and east of the 
Floresta and Santander massifs (old Carrizal block), repsol et al. (2002) 
determined poor to non-existent reservoir quality in these quartzarenite 
sandstones. Thin-section counts indicate porosity values equal or less than 

5%. Based on petrographic analyses and modeling of diagenetic quartz 
cementation, repsol concluded that the best potential reservoirs would 
be coarse grained sandstones with grain coatings made of marine clay 
minerals in rocks affected by relatively cool thermal history. 

In the axial region of the ECB north of Tunja, repsol et al. (2002) 
identified three coarsening and shallowing upward deltaic with tidal 
channels sequences from lower shoreface in the lower part (and in the 
NW) to upper shoreface in the upper part (and in the SE), forming the 
late Albian Cenomanian Une Fm. (Figs. 60 to 62) Sediment supply came 
from the SE. The lower sequence is 100 to 300 m thick, and shows variable 
sand/shale ratios between 0.5 to 0.7. The other two sequences are 100 
to 200 m thick, show variable sand/shale ratios between 0.4 to 0.6 and 
porosity values smaller than 5%, except in the area of the Cormichoque-1 
well, Pesca and San Antonio, where porosity values in areas with feldspar 
dissolution are greater than 10% (Fig. 63).
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Figure 60. Facies, sand/shale ratio and thickness map of lower sequence A reservoirs of the Late Albian 
Cenomanian Une Fm. in the axial region of the ECB.From Repsol-YPF et al. (2002).
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Figure 61. Facies, sand/shale ratio and thickness map of middle sequence B res-
ervoirs of the Late Albian Cenomanian Une Fm. in the axial region of the ECB.
From Repsol-YPF et al. (2002).

Figure 62. Facies, sand/shale ratio and thickness map of  upper sequence C res-
ervoirs of the Late Albian Cenomanian Une Fm. in the axial region of the ECB.
From Repsol-YPF et al. (2002).
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Figure 63. Porosity map of middle sequence B reservoirs of the Late Albian Cenomanian Une Fm. in the axial region of 
the ECB. From Repsol-YPF et al. (2002).
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7.3.2. GUADAlUPE GP. AND lATErAl EqUIvAlENTS.

In the Sogamoso axial region of the ECB NW of Tunja and east 
of the Floresta and Santander massifs (old Carrizal block), repsol 
(2002) reported porosity values between 10 and 17 % in quartzarenite 
sandstones, based on thin-section analysis. Petrography and modeling 
of diagenetic quartz cementation led repsol to conclude that Arenisca 
Dura Fm sandstones may present porosity values of 16-18% and Arenisca 
Tierna Fm sandstones  may present porosity values of 20-22%. However 
thin-section analyses suggest lower values due to smaller grain sizes than 
those used by the models. Fig 66 shows a porosity map of the Arenisca 
Tierna Fm.

For the early Campanian Arenisca Dura Formation in the axial region of 
the ECB north of Tunja, repsol et al. (2002) also identified three sequences 
with sediment supply from the SE, grading from shoreface (in the NW part) 
to foreshore (in the SE part). The middle sequence is 45 to 70 m thick and 
shows sand/shale ratios close to 0.5 (Fig. 64). In the maastrichtian Arenisca 
Tierna Formation, repsol et al. (2002) also identified a 30 to 105 m thick 
high stand unit with sediment supply from the SE, and tidal channels 
grading from shoreface (in the NW part) to foreshore (in the SE part) with 
sand/shale ratios between 0.5 and 1.0 (Fig. 65) and porosities between 5% 
and 20% (Fig. 66).

In the Tunja axial region of the ECB (former lanceros exploration 
block), Petrobras (1998) reported fine-grained quatzarenites within the 
Conejo Fm. with porosity values between 18 and 28%, and coarse-grained 
clean sandstones within the Arenisca Tierna Fm. with average porosity of 
24% and permeability of 1000 mD in the Cormichoque-1 well.  

In the NW Sabana de Bogota and nearby region to the west (former 
Ecopetrol Tucan exploration block), sandstones from the upper Guadalupe 
Gp. were reported to have porosity values between 5 and 25% and 
permeability values up to 15 mD. However these sandstones are very 
shallow or at the surface (Cordoba et al., 2000).

7.3.3. CENOzOIC SANDSTONES

Potential Cenozoic reservoirs are restricted to synclinal areas. 
Everywhere else these rocks have been exposed.

In general, these sandstones are coarse-grained quartzarenites, 
sublitharenites and locally subarkoses, with permeabilities between 
200 mD and 2D and porosities between 9 and 20%. Socha Inferior Fm 
sandstones show porosity values between 9 and 12% (repsol, 2002). 

7.4. seal Rocks

Shales and mudstones of the Fomeque, Chipaque, la Frontera, 
Conejo and Guaduas Formations may act as top seals for the potential 
Une, basal Une, Arenisca de Chiquinquira Fms. and Guadalupe Group 
reservoirs. Seals for potential Cretaceous reservoirs are plastic mudstone 
facies with good lateral continuity. Seal potential decreases eastward as 
mudstone units tend to become sandier. An additional risk factor is the 
juxtaposition of mudstones in faulted traps.

In the Sabana de Bogota, Bottinga et al. (1997) concluded that 
Chipaque Fm shales are excellent seals and that salt diapirs can be 
important seals. Petrobras reported thickness of 600 m for the Chipaque 
Fm shales and 800 to 1200 m for the Guaduas Fm mudstones in the old 
lanceros Block located between Choconta town and Tunja city.

Potential seal rocks for Cenozoic reservoirs are mudstones of the 
Socha Superior and Concentracion Fms.
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Figure 64. Facies, sand/shale ratio and thickness map of the reservoirs of the 
middle sequence B of the Santonian-early Campanian Arenisca Dura Fm. in the 

axial region of the ECB. From Repsol-YPF et al. (2002).

Figure 65. Facies, sand/shale ratio and thickness map of the highstand system 
tract reservoirs of the Maastrichtian Arenisca Tierna Fm. in the axial region of 

the ECB. From Repsol-YPF et al. (2002).
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7.5. tRap types

In the axial region of the ECB oil exploration companies have 
suggested the existence of various trap types.

Fault related folds, fault propagation folds and fault bend folds. 
modifications of these structures by later deformation and different 
development stages have been well documented. Trap types include 4-way 
closed anticlines and fault structural closures (3-way closed anticlines). 
Traps related to these mechanisms also include sub-thrust anticlines and 
back-thrust closures (Shell, 1997, repsol-YPF et al., 2002). However, as 
already discussed, Teson et al. (2011) observed that fault-related folds are 
restricted to the foothill areas. In contrast, internal parts of the orogen 
appear to be dominated by either detachment folds or well-documented 
basement-involved buckling.

Other trap types proposed are those associated to faults with 
lateral displacement developed during a late deformation phase, which 
transversally cut across the regional structural trend of the ECB.

The following table 4 from repsol-YPF et al. (2002) summarizes the 
main geological risk factors associated to different trap types in various 
structural provinces of the axial zone of the ECB.

These structural provinces distributed along the axial zone 
of the Cordillera include from south to north: Bogota east, Tabio-
Tenjo, zipaquira-Nemocon, Suesca-lenguazaque, Choconta, Sesquile-
Gachancipa, ventaquemada, Tunja, Bolívar, Paz de rio, Soata-Boavita, 
Chiscas among others. All these are major imbricate systems with eastern 
or western vergence parallel to the regional trend of the Cordillera, and 
are characterized by several fault-related anticlinal closures. Commonly 
they present an en echelon surface pattern and are spatially continuous 
over several kilometers. 

Trap type Structural sub-domain Geological risk factor

4-way dip closed anticlines. Bolívar, Corrales and Paz del Río anticline 
trends 

Breached structure, shallow detachment, inadequate charge

3-way dip closed anticlines closed 
againts a thrust fault.

Bisbita and Bogotá anticline trends Breached structures, non sealing fault, shalow detachment, ina-
dequate charge

Sub-Thrust anticlines Corrales and northern part of  Bolívar anticli-
nes trend

Pull-up velocity anomalies, high angle faults .

Back-Thrust traps Socotá sub-thrust trend Breached structure, non sealing fault, inadequate charge

Table 4. Major geological risk factors associated to different trap types in some of the structural sub-domains of the Central depressional domain (Sabana de Bogota, 
Tunja-Sogamoso Axial Region) of the ECB. From Repsol-YPF et al. (2002).

Figure 66. Porosity map of the Maastrichtian Arenisca Tierna Fm reservoirs. in 
the axial region of the ECB.From Repsol-YPF et al. (2002).
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CHAPTER 5 - GRAVIMETRIC AND MAGNETOMETRIC INTERPRETATION

In addition, salt diapirs indicate salt tectonics as a mechanism for 
generation of potential traps particularly in the Sabana de Bogota region.

The axial zone of the Cordillera holds interesting trap potential. 
However, remaining risk factors are seismic trap definition, velocity pull-
ups, trap integrity (taking into account the long and complex tectonic 
history of the mountain range), shallow traps connected to meteoric water, 
precise trap timing and temporal relation to charge and preservation. Trap 
types in the eastern and western foothills of the ECB are discussed in the 
llAB and mmB Basins.

7.6. petRoleum systems

The only known petroleum system with geochemical correlation 
between source rock extracts from the Chipaque Fm (inaccurately named 
Conejo Fm. in the source rock-oil geochemical study by mello et al., 
1995) and crude oil from the Bolivar-1 well is the Chipaque-Guadalupe (!)  
petroleum system.

Other petroleum systems proposed with geological evidence 
but without geochemical source-to-oil correlations are the speculative 
petroleum systemsTibasosa-Une (?) and Tibasosa-Guadalupe (?).

The events chart of these petroleum systems is shown in Fig. 73, 
(from Gems ltda Petroleum System modeling Chapter ). According to this 
chart, hydrocarbon charge occurred prior to trap formation.   

Figure 67 shows potential trap areas for the Une Fm and Guadalupe 
Gp. plays in the axial region.  In this area, three speculative petroleum 
systems have been proposed:

1) lower Chipaque –Une (?)

2) Conejo-Plaeners (?), other reservoirs are Conejo and Arenisca 
Dura Fms.

3) Upper Chipaque -Arenisca Tierna (?), other reservoirs are Plaeners 
and Conejo Fms.

Figure 68 from repsol (2002) shows the Chipaque-Une (?) petroleum 
system chart, including source rocks of the Chipaque Fm, and potential 
reservoir sandstones of the Une Fm and Guadalupe Gp. The timing of 
hydrocarbon generation and expulsion was estimated via modeling.  
The greatest remaining uncertainity is the age of trap formation. 

According to this chart, petroleum generation and expulsion occurred 
during the Palaeogene and locally up to miocene time in the Sogamoso 
axial region of the ECB (NW of Tunja) as well as east and south of the 
Floresta and Santander massifs (former Carrizal exploration block). For 
the Tunja syncline, Fajardo-Peña (1998) and Fajardo (1999) suggested 
that generation occurred in the early Pliocene. In the Sabana de Bogota 
area Bottinga et al., (1997) suggested that expulsion of oil began at 60 
ma (Paleocene), reached a peak at 45 ma (middle Eocene) and slowly 
decreased in the Oligocene. Therefore, source rocks of the Chipaque 
formation may have provided hydrocarbon charge for structures that 
began to form in the Palaeogene.

Figure 67. Une Fm. (in yellow) and Guadalupe Gp. (in orange) Plays, in the 
Central Depressional Structural Domain (Tunja-Sogamoso axial region of the 

ECB) where traps with these potential reservoir units were not affected by ero-
sion. From Repsol-YPF et al. (2002). Plays in the Sabana de Bogota have not 

been mapped.
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Figure 68. Event chart for the Chipaque-Une-Guadalupe petroleum system of 
the ECB. Modified from Repsolet al.(2002). The original chart assumes mainly 
Palaeogene and partially Neogene hydrocarbon charge.  However for trap for-
mation assumes a Neogene time. New data from petroleum system models of 
the ECB suggest that volumetrically the main period of hydrocarbon generation 
and expulsion occurred during Palaeogene time and partially since the late Cre-
taceous. New data from growth strata, thermo-chronology and other tools show 
that deformation and structural trap formation started since Palaeogene time 
(Trap formation bar with question mark in the figure added by the author). There-
fore, accurate reconstruction of hydrocarbon charge and trap formation timing is 
essential as an exploration tool not only for the ECB but also for the neighboring 
MMB and LlABs. 

7.7. PLAYS

Figures 67 and 69 to 71 illustrate plays for the axial region of the ECB. 

Figure 67 from Repsol-YPF et al. (2002) shows the Une Fm. Play (in 
yellow) and the Guadalupe Gp. Play (in orange), which are present in the 
Central Depressional Structural Domain (Tunja-Sogamoso axial region of 
the ECB) where traps with these potential reservoir units are not affected 
by erosion. Plays in the Sabana de Bogota have not been mapped.

Figure 69 from Repsol-YPF et al. (2002) shows the Une Formation 
Play Fairway for the Carrizal block. The play fairway is limited to the west 
by the orange line that defines reservoir presence. Westward beyond 
this line, Une sandy facies disappear. The purple line is the seal boundary 
that defines an area within the core of the fairway, outside of which 
Une is extensively exposed at the surface, so that an overlying seal of 
Turonian-Coniacian Chipaque Fm. is not effectively present. Regarding 
source, Repsol-YPF et al. (2002) assumed that the only kitchen that could 
have generated hydrocarbons after Andean development of structural 
traps is likely to be located in the sub-thrust of the Soapaga fault, where 
remnant source potential was re-activated through tectonic overloading. 
The western extent of this hypothetical kitchen is not known, but is 
conceptually indicated by the red-green dashed line of the current 
kitchen. Arrows indicate migration paths from this kitchen (Repsol-YPF 
et al., 2002).

The expected reservoir quality of Une sandstones is poor to non-
existent. Point count measurements and modeled porosities suggest that 
log-equivalent porosities of about 5 % or less may be expected. It is possible 
to contemplate better reservoir properties (10 % porosity or more) given 
the conjunction of relatively coarse grain-size, presence of clay-coating 
such as might be associated with transgressive shallow-marine deposits, 
and mild thermal history (Repsol-YPF et al., 2002).

Two yellow-shaded areas delineate areas of relatively favorable 
play risk. The deeper-shaded area, notionally of least risk, is related to a 
possible area where reservoir quality may have been improved by feldspar 
dissolution. This idea has been postulated from petrography analysis of 
surface samples, although the observed effects could very well be due to 
surface weathering, rather than diagenetic processes in the deep section. 
The four-way dip closures identified beneath the “Bisbita” and “Tota” 
anticlines (Fig. 51) lie within the play fairway but outside the optimum area 
of feldspar dissolution. An additional consideration for these structures is 
the shallow depth (~1,000-1,500m) and associated reservoir temperatures 
(~60o C), which present a high risk of biodegradation. Prospectivity for 
Une sandstones is thus considered to be very high risk (Repsol-YPF et al., 
2002).
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CHAPTER 7 - PETROLEUM GEOLOGY

definition, trap integrity, kitchen volume and maturity level. Risk remains 
due to the timing of structuration in relation to hydrocarbon migration. 
Expected depth to Guadalupe Gp. in the west Corrales location is in the 
order of 2,000 m, suggesting reservoir temperatures of ~70° C or higher, so 
that biodegradation may not be of concern (Repsol-YPF et al., 2002).

Figure 71 from Repsol-YPF et al. (2002) shows the Arenisca Tierna 
Fm. Sandstone Play Fairway for the Carrizal block. The configuration of 
the Arenisca Tierna Fm. sandstone fairway is very similar to that of the 
Arenisca Dura Fm. Play Fairway. The only significant difference indicated 
by reservoir modeling, is that intergranular porosities for Arenisca Tierna 
Fm. are expected to be around four percent higher (~20-22 %) than for 
Aresnisca Dura Fm. (Repsol-YPF et al., 2002).

Figure 70 from Repsol-YPF et al. (2002) shows the Arenisca Dura Fm. 
Play Fairway sandstones for the Carrizal block. Reservoir facies are expected 
to be everywhere present, but potential is restricted by the presence of 
an overlying effective seal (Maastrichtian-Paleocene Guaduas Formation). 
The source kitchen characteristics are exactly as for the Une play fairway. 
Porosity prediction from modeling for medium-grained sandstones 
suggests intergranular porosities ranging between ~16-18 %. However, 
variations in grain size, and local variations in maximum depth of burial, 
may lead to departures from predicted values. According to the seismic 
map, the closure identified immediately west of the Corrales-1 well (Fig. 
49) is favorably positioned within the fairway. The structural lead to the 
west of Corrales-1 is within the sector of least risk within the fairway, but 
is nevertheless associated with significant absolute risk due to: structural 

Figure 69. Une Formation Play Fairway of former Carrizal exploration block, 
located east of the Soapaga fault between Tota and Malaga. From Repsol-YPF et 
al. (2002).

Figure 70. Arenisca Dura Fm. Play Fairway of former Carrizal exploration 
block, located east of the Soapaga fault between Tota and Malaga. From Repsol-
YPF et al. (2002).
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Figure 71. Arenisca Tierna Fm, Sandstone Play Fairway of former Carrizal 
exploration block, located east of the Soapaga fault between Tota and Malaga. 
From Repsol - YPF et al. (2002).
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SYSTEM MODELING
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CHAPTER 8 - PETROLEUM SYSTEM MODELING

This chapter succinctly identifies and characterizes the basin’s 
principal petroleum system elements and processes. Due to the diverse 
and complex stratigraphic nomenclature used by various authors, the 
most adequate for this exercise has been adopted. 

It is important to emphasize that the site chosen for 1-D geochemical 
modeling (in deep areas of the basin) represents hydrocarbon generation 
and expulsion conditions that are only valid for source rocks at that 
particular site. Extending these results beyond this site, or building general 
conclusions based on this site alone, is therefore inappropriate.

Eastern Cordillera is considered as an immature basin from the 
standpoint of exploration. 182 wells have been drilled there since 1947. 
Many oil seeps have been signaled, which indicate the existence of at least 
one petroleum system (Fig. 72). Besides small crude oil discoveries in the 
Gibraltar field, located in the north-east part of the basin, condensed gas 
was also found.

Geochemical evaluation of crude oils, extracts and rocks and its 
integration with stratigraphic and structural information permit the 
identification of processes and elements necessary in order to sustain the 
presence of petroleum systems in this basin.

8.1  ELEMENTS AND PROCESSES

8.1.1 SOURCE ROCK

The Cretaceous succession of shales and limestones form Chipaque 
Formation (temporal equivalent of La Luna, Churuvita and Conejo Formations) 
from  Lower Cenomanian-Coniacian; Une Formation (Lower Cenomanian-
Albian);  Tibasosa Formation (Aptian-Valanginian) and Fomeque Formation 
(Barremian) constitute the main source rocks of this basin; they present 
organic matter mainly of marine origin (type II kerogen) and TOC values 
higher than 0.5 with a generating potential for liquid hydrocarbons.

On the other hand, Cenozoic formations Guaduas and Upper Socha 
(Upper Maastrichian-Lower Eocene) show organic matter of terrestrial 
origin (type III and IV kerogen) with moderate to low TOC contents 
(except in the Guaduas Formation coal beds), which indicate potential for 
predominantly gas generation.

8.1.2  RESERVOIR ROCK

Tibasosa, Une and Guadalupe Formations constitute the most 
important reservoir in this part  of the basin, with porosity values between 
5-10% and permeabilities between 4 and 100 md (Universidad Nacional- 
ANH, 2008).

Paleogene silicic units as Lower Socha, Picacho and Concentration 
Formations also present favorable conditions to store hydrocarbons, and 
they also show crude oil evidence in surface.

8.1.3  SEAL

Posible sealing rocks for Cretaceous reservoirs correspond to plastic 
muddy facies with good lateral continuity, characteristics which are present 
in several levels from Une, Chipaque, Middle Guadalupe and Guaduas 
Formations, while Cenozoic reservoirs have possible seals belonging to 
Concentration and Upper Socha Formations.

8.1.4  TRAP

The basin main trap type is structural (Barrero et al., 2007). This type 
of traps is formed by folds and inverse faults produced by the compressive 
tectonic movements which affected the basin; major deformation occurred 
since the end of Oligocene.

8.1.5  OVERBURDEN

Overburden rocks correspond to the entire sedimentary sequence 
deposited over the Tibasosa, Une and Chipaque Formations  in such 
manner that for these units the overburden comprises Upper Cretaceous 
and Cenozoic rocks.

8.1.6  HYDROCARBONS GENERATION AND ExPULSION PROCESSES

For the basin area modeled, hydrocarbon generation and expulsion 
processes occurred mainly from Paleocene to Lower Miocene, with a 
critical time located toward  Early Pliocene.

8.2  EVENTS CHART

Elements and processes for the Chipaque-Guadalupe (lower 
member) (!), Tibasosa-Une (?) and Tibasosa-Guadalupe (?) petroleum 
systems are shown in Fig. 73

8.3  SOURCE ROCk PROPERTIES

8.3.1  ORGANIC MATTER AMOUNT

Total organic carbon (TOC) is lower than 2% in most of the samples; 
however TOC reaches values  from 2 to 8% of TOC in Formation like 
Chipaque, which means that the amount of organic matter in this formation 
is from very good to excellent.
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Figure 72. Location of wells, and geochemical data for 
the Eastern Cordillera Basin.
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CHAPTER 8 - PETROLEUM SYSTEM MODELING

In samples obtained from Bolivar-I well, values of TOC from 1 to 4% 
were obtained for  Guaduas Fm.; however these values may be influenced 
by the presence of several coal levels in this formation (Weber, 1990).

8.3.2  ORGANIC MATTER QUALITY

Organic matter predominating in samples from Chipaque and 
Tibasosa Formations and from undifferentiated Cretaceous is of amorphous 
(marine) type, corresponding to type II kerogen. Cenozoic formations show 
predominantly type III and IV kerogen. It is important to mention that the 
original values for hydrogen index are highly affected by the effects of  
maturity (Fig  74.).

8.3.3  THERMAL MATURITY OF ORGANIC MATTER

Most of the Cretaceous stratigraphic sequence was considered as 
mature to overmature, with vitrinite reflectancy values  (%Ro) up to 4 
and Maximun Temperature (Tmax) varying from 430 to 490º. For this 
reason the present potential is a remnant and it is lower that the original 
one (Fig 75).

Samples from Guaduas Formation present a thermal state from 
unmatured to early mature, following the results obtained with vitrinite 
reflectancy data and Tmax available for this unit (Weber, 1990).

Figure 73. Events Chart for the petroleum systems of the Eastern Cordillera 
Basin.

Figure 74. Modified Van-Krevelen diagram for the strati-
graphic succession of the Eastern Cordillera Basin. Note that the 
Chipaque Formation contains a kerogen type II of marine origin.

 8.3.4  HYDROCARBON GENERATION POTENTIAL 

Present generation potential varies between o and 40 mg HC/
gr rock, but it is lower than 10mh HC/gr rock in most of the  samples. 
The best conditions with respect to generating potential are shown by 
Chipaque  Formation, with values in the range between 5 and 40mg HC/
gr rock (Fig. 76).

Pyrolysis data and results from kerogen visual analysis indicate that 
the organic matter from Guaduas Formation has favorable conditions 
for the generation of gas (because they show predominant type III 
kerogen), without discarding that locally this formation may generate 
liquid hydrocarbons if it contains type II kerogen. A study from Core Lab 
(1997) shows that these rocks reached conditions from early maturity to 
generation peak.
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Figure 75. Maximum temperature (Tmax) vs hydrogen 
index (HI) diagram for the stratigraphic succession of the 
Eastern Cordillera Basin. Note that organic matter for 
most of the Cretaceous succession is mature. 

Figure 76. Total organic carbon (%TOC) diagram vs genetic potential 
GP (S1+S2)] for the stratigraphic succession of the Eastern Cordillera 
Basin. Note that the Chipaque Formation reached values in the good to 
very good range.TT
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CHAPTER 8 - PETROLEUM SYSTEM MODELING

A synthesis of he main geochemical characteristics which identify 
Chipaque, Tibasosa and Guaduas Formations as source rocks appears in 
Fig. 77.

8.4  roCk ExTrACTS, CrudE oil And imprEgnATion propErTiES

Crude oil from Bolivar-1 well shows an API gravity of 14º; saturated  
fraction is dominant with values near 47% (Fig 78); sulfur  content is 
relatively low (0.3-1%); Nickel content is 54.83 ppm and Vanadium 
content 30.93mm. The absence of normal paraffins is due to the high 
biodegradation degree of this crude oil.

Extracts and crude oils show common geochemical parameters 
normally associated to a sub-oxic marine environmental (higher C27 
sterenane content and Pristane/Phytane ratio between 1 and 2; however 
sample from extracts obtained in Socha and Guaduas Formations indicate 
a higher supply of terrestrial organic matter and a higher oxycity of the 
environment (Fig 79 and 80).

Low values for the Oleanane/C30 Hopane ratio in extracts and 
impregnation and higher values for C35/C34 Hopanes confirm  a marine 
origin which corresponds to Cretaceous rocks. On the other hand, 
biomarker ratios from extracts obtained in the Socha Formations reflect 
a major supply of organic matter produced by superior plants associated 
with Cenozoic rocks (Fig 81).

Figure 77. Geochemical assessment synthesis for the source rocks of the Eastern 
Cordillera Basin.

Figure 78. Ternary diagram of crude oils for the Eastern Cordillera Basin. Note 
that extract and impregnation samples are rich in the NSO fraction, whereas for 

the Bolivar-1 well, saturates are the dominant fraction.

Figure 79. Ternary diagram of normal esteranes for the extracts and crude oils of 
the Eastern Cordillera Basin. Note that the Cretaceous samples are mostly correlat-
ed to an algal marine environment, whereas the Cenozoic samples from the Socha 

and Guaduas Formations are mostly correlated to a terrestrial environment.
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8.4.1  SYNTHESIS OF ROCKS ExTRACT CRUDE OIL AND IMPREGNATION 
PROPERTIES

Table 5. Summarizes some of the main properties obtained  from 
crude oil geochemical data obtained in Bolivar-1 and Corrales-1 well and 
oil seeps present in the basin.

8.4.2  CRUDE OIL FAMILIES

Cities Service (1983) suggested the presence of 3 crude oil families; 
however it is not clear whether this families belong to 3 different source 
rocks or to facies changes of a single source rock.

One the other than hand Mello, et al (1995) suggested the 
presence of two hydrocarbon families: one composed of oils generated 
from carbonatic marine rocks in an anoxic, neritic environment, with a 
thermal maturity degree near the generation peak. The second family 
corresponds to crude oils generated from a siliciclastic, neritic, anoxic 
marine environment with thermal maturity degree above the generation 
peak.

Lack of information precludes a precise definition of the crude oil 
families in the basin. However, on the basis of available data, it may be 
suggested that the rock extracts, Bolivar-1 well crude oil and oil seeps 
correspond to one crude oil family, originated from a rock deposited in a 
marine environment with low oxidation potential. 

Figure 80. Phytane n/C18 vs Pristane n/C17 diagram for the stratigraphic suc-
cession of the Eastern Cordillera Basin. Note that the most reducing  conditions 
are present in the extracts of the Chipaque Formation. All samples show high 
biodegradation values.

Figure 81. Pristane/Phytane vs Oleanane/C30 Hopane diagram for the strati-
graphic succession of the Eastern Cordillera Basin. Note that samples correlate 
with a sub-oxic siliciclastic to cabonatic environment. 

Table 5. Summarizes some of the main properties obtained  from crude oil geo-
chemical data obtained in Bolivar-1 and Corrales-1 well and oil seeps present in 
the basin

Eastern Cordillera NVA DIAGRAM Correc.5 Abr20.indd   119 21/04/12   8:07



120
»»

PE
TR

O
LE

U
M

 G
EO

LO
G

Y 
O

F 
CO

LO
M

BI
A

CHAPTER 8 - PETROLEUM SYSTEM MODELING

8.4.3  CORRELATION CRUDE OIL-ROCK

From the available geochemical data and those obtained from 
Cities Services (1983), Core Lab (1977) and Mello et al. (1995), it can be 
inferred that extracts analyzed for Churuvita and Conejo Formations can 
be correlated with crude oil and seep samples found in the basin. (Fig 82).

8.5  PETROLEUM SYSTEM MODELING

A simulation for hydrocarbon generation and expulsion processes was 
carried out through a pseudo-well located on the seismic line BP5B-1988-06, in 
the Sueva  syncline sector, where the basin reaches its maximum depth (Fig 83)

Following the basin geological evolution model for this part of the basin, 
the base of the basin, the Barremian sequence reached a maximum depth of 
27 000 feet during Pliocene and maximum temperature of 399 º F (Fig. 84)

A constant heat flow of 45 mw/m2 was assumed. On the basis of 
the geochemical information of regional  and local rocks, 7 generating 
intervals were included in the model, corresponding to Fomeque SRI, 
Upper  Fomeque, Lower Une, SR2 Une, Lower Chipaque, SR3 Chipaque 
and Upper Chipaque Formations. Results from this simulation indicate 
that these intervals reached maturity levels in the range of generation in 
the latter stage of oil window (% Ro = 1.2, Upper Chipaque Formation) 
and dry gas (% Ro = 1.35; Fomeque SRI, Upper Fomeque, Lower Une, 

Figure 82. δC13 Saturates vs δC13 Aromatics diagram for the crude oils, ex-
tracts, and seeps of the Eastern Cordillera Basin. Note that samples correlate 

with a marine environment.

Figure 83. Location profile of the pseudo-well along the seismic line BPSB-
1988-06 of the Eastern Cordillera Basin.

Figure 84. Burial depth curves for the stratigraphic succession of the Eastern 
Cordillera Basin. Note that the maximum burial depth occurred during the 

early Pliocene.
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SR2 Une,  Lower Chipaque and SR3 Chipaque, Fig 85) with hydrocarbon 
expulsion processes for Fomeque and Une Formations during Paleocene-
Eocene, associated to the deposit of Guadalupe, Guaduas, Cacho, Bogota 
and Regadera Formations  (60-43 Ma); for Chipaque Formations, during 
Later Eocene-Oligocene during the deposition of Regadera and Usme 
Formations (43-26 My, Fig. 86).

8.6  DEFINITION PETROLEUM SYSTEMS 

Mello et al. (1995) correlate Bolivar-1 Well crude oils with extracts of 
the Formation (called by them) Conejo, a nomenclature more appropriate 
for the Villa de Leiva area than for the Soapaga region, but which from 
a chronological standpoint is equivalent to the Curuvita Formation 
(Universidad Nacional / ANHG, 2008).

Figure 85. Vitrinite reflectance (%Ro) profiles for selected Cretaceous units of 
the Eastern Cordillera Basin, through time. Note that the evaluated succession 
went through the oil generation window and reached the gas generation window. 

The Petroleum system is then: Chipaque-Guadalupe (lower member) (!)

Additionally, on the basis of geological an geochemical information 
and modelling, several other petroleum systems may be signaled, with 
evidence of crude oil migration to the surface (seepage); these systems 
are  recognized as speculative because only geological and geophysical 
evidences exists for the source rocks (Magoon & Dow, 1994):

Tibasosa-Une (?)

Tibasosa-Guadalupe (?)

Geographic extent of these petroleum systems and localization of 
the pseudo-well where modelling was carried out are shown in Fig. 87

Figure 86.  Hydrocarbon expulsion processes for the Eastern Cordillera Basin. 
Note that the expulsion process occurred from the Paleocene to Eocene interval.
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CHAPTER 8 - PETROLEUM SYSTEM MODELING

Figure 87. Petroleum systems map for the Eastern Cordillera Basin. Note the 
depocenter at the top of the basement, the oil seeps, and the hypothetical area of 

influence of the petroleum systems. 
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CHAPTER 9 - FINAL STATEMENTS

While this manuscript is not intended to be a comprehensive guide 
to explorationists, the following paragraphs highlight some key elements 
in exploration of the ECB. Given the basin’s favorable geological conditions, 
significant conventional and unconventional petroleum accumulations 
are likely to be discovered in the future, as new data are acquired and 
exploration concepts are further refined. 

The ECB contains two excellent Cretaceous petroleum source rock 
intervals that generated huge amounts of hydrocarbons since the Late 
Cretaceous.  Therefore, low geological risk may be ascribed to the existence 
of a good quality source rock. Important volumes of hydrocarbons found in 
the LlAB and MMB were probably sourced in the ECB. The critical factor for 
retaining this massive hydrocarbon charge was the existence of available 
traps in the ECB during migration.

The eastern and western foothills of the ECB are proven to hold 
significant exploration potential for light hydrocarbons, favored by the 
presence of large structures, stacked reservoir rocks, proximity to the main 
oil kitchen and effective migration and charge. Examples of producing fields 
in the eastern foothills include Cusiana, Cupiagua, Pauto Sur, Volcanera, 
Floreña and others. Guando and Opon fields are corresponding examples 
in the conjugate western foothills. 

The central depressional structural domain of the ECB contains 
hydrocarbon play elements sufficient to support future hydrocarbon 
exploration as demonstrated by recent exploratory wells reported by ANH 
(2011) as “producers”.

 Conversely, the exploration potential of the Inverted Western 
and Eastern structural domains of the ECB is limited.  Tectonic inversion 
resulted in substantial erosion of the prospective section.  Generation 
and migration occurred too early, prior to formation of adequate traps.  
Furthermore, intense diagenesis may have significantly reduced reservoir 
porosity and permeability.

Despite our regional understanding of hydrocarbon generation, 
expulsion and migration pulses and trap-forming tectonic events, these 
broad views do not necessarily apply to specific prospects.  Appropriate 
understanding of trap-specific formation vs hydrocarbon charge timing is 
necessary to reduce timing risk in specific prospects.

Petrophysical properties of ECB reservoir rocks may have varied over 
geologic time after deposition.  Original porosity and permeability may have 
been reduced or fully destroyed by way of diagenesis. Lower Cretaceous 
units were affected more drastically than Upper Cretaceous or Palaeogene 
units by the tremendous differential overburden. At the prospect level, 
preservation of adequate porosity and permeability therefore implies a 
relatively high risk due to incomplete understanding of the reservoir’s 
diagenetic history. 

In the ECB, reservoir rocks are commonly overlain by shales or 
mudstones that provide potential top seal and therefore imply low seal risk. 
At the prospect level, however, structural deformation and exhumation 
that pervasively affected the ECB may have fractured or locally eroded 
potential seal rocks, thus reducing or fully removing their sealing capacity.

The ECB is the product of a long and complex history of structural 
deformation that provided multiple episodes favorable for construction of 
structural traps. For a specific trap, it is important to understand its structural 
deformation history, in order to assess the relative impact of trap-forming 
vs. trap-destroying events. Trap and hydrocarbon preservation in the ECB 
are important issues to be borne in mind for geological risk assessment. 
Another concern in exploration of the ECB is the notorious difficulty to 
obtain good seismic images. Rough topography, complex surface geology 
and steep dip angles, impose technological imaging challenges, that may 
only be overcome by the best modern seismic acquisition and processing 
technology. Detailed geological fieldwork, where possible, always helps to 
reduce trap uncertainty and risk.

The Cretaceous section of the ECB contains thick stratigraphic 
intervals of organic-rich marine shales or limestones that generated 
significant petroleum volumes.  Oil-shale and gas-shale potential may be 
realized in areas of adequate organic maturity. The gas-shale potential of 
the ECB has been preliminarily estimated in 1.9 TCF (ANH, 2010).

In the Sabana de Bogota-Tunja-Sogamoso axial region of the ECB 
important coal reserves have long been known in the Maastrichtian-
Paleocene Guaduas Fm. Coal-bed methane resources associated to these 
producing coal seams, their proximity to large potential markets (such as 
major cities in central Colombia) and transport infrastructure already in 
place justify their evaluation and exploration.
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