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Abstract 
 
Third and fourth order seismic and stratigraphic sequences based on 2D seismic data from the Northern offshore Colombia 
helped to depict the different depositional events from the Middle Miocene - Holocene time span, in the area of influence of the 
Magdalena Submarine fan. Based on this information, the location of potential reservoirs and the relation of deformation with 
deposition were established. 
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Submarine Fan Size Variation 

Magdalena  
(A) 

The Magdalena Submarine fan is located in an 
active margin where deposition is controlled by 
deformation.  It’s size, tectonic deformation and 
active sedimentation provide the opportunity to 
complement current studies (Prather, 2000; 
Steffens et al., 2003; Jennette et al., 2003; 
Jennette et al., 2003; Smith, 2003;  Prather, 
2003) about  sedimentary processes in complex 
slopes.  

 
 

Northern offshore Colombia is a frontier basin 
where exploration has been intensified lately 
(Equion Energia, Petrobras, Chevron), although 
pure structural play concepts alone don’t apply 
to this setting. Sedimentology is also important. 





• Study of previous work to improve data base. Age control of 
seismic sequences.  Bibliography Study 

 

• Seismic interpretation using P. Vail’s approach. 

• Structural interpretation. 

• Seismic sequences delineation / Age control – Well tie. 

• Chronostratigraphic chart. 

• Curve of changes in accommodation space.  

 

Seismic Stratigraphy 

• Identification of stratigraphic indicators of sea level fluctuations.  
Progradational reflectors, onlap, toplap, truncations and erosional 
channels.  Log pattern recognition  and environments from 
biostratigraphy. 

Sequence Stratigraphy 
Framework 

• Compilation and discussion of stratigraphic evolution of the 
northern margin of Colombia and the Magdalena submarine 
fan.  

Evolution of the margin 

Discussion 



Location 

Area of Study 

Modified from Romero, 2009 and Corredor et al., 2003. 
6 Cadena et al., 2014 
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Seismic Stratigraphy 
Depositional sequence is defined as “a stratigraphic unit composed of a relatively 
conformable succession of genetically related strata and bounded at its top and base 
by unconformities or their correlative conformities” (Mitchum et al, 1977).  

 

Cadena et al., 2014 



Type Seismic Line with distribution of Seismic Sequences  

Seismic sequences I to VIII were obtained from Escalante, (2005) which had age control in the area.   
 

Cadena et al., 2014 



 

Characteristic of Seismic Sequences 

Cadena et al., 2014 



 

Characteristic of Seismic Sequences 

Cadena et al., 2014 



Characteristic of Seismic Sequences 

Cadena et al., 2014 



Areal Extension of Seismic Sequences Extension of seismic sequence VI is 
determinate by deposition. Lack of good 
quality seismic image in deformed wedges 
and central fan area is responsible for limited 
interpretation of youngest seismic sequences.  

Cadena et al., 2014 



Slope Healing Due to Sedimentation 

 



Slope Healing Due to Sedimentation 



Slope Healing Due to Sedimentation 

1



Slope Healing Due to Sedimentation 



Chronostratigraphic Chart 

Cadena, 2012 
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Fourth order Sequence Stratigraphy Cycles 

Cadena, 2012 



Stratigraphic indicators of Sea Level fluctuations 

21 Cadena et al.,  2014 



Taboada et al., 2000. Taboada et al., 2000. 
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Middle Miocene 

Modified from Duque-Caro, 1978. 

Cadena, 2012 



Modified from Duque-Caro, 1978. 
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Upper Miocene 

Cadena, 2012 
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Modified from Duque-Caro, 1978. 

Pliocene 

Cadena, 2012 



Romero, 2009 
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Erosional: East: 4th order cycles within Sequences III, IV, V and VI. 
                      PBB: Sequences VII and VIII. Steep slopes.   

Aggradational: Central Fan: Sequences V, VII and VIII. 
                       PBB: Sequences VII and VIII. Wide PBB and gentle slope.   

Central Fan: Sequences VII and VIII. 
PBB: Sequences VII and VIII. Wide PBB and gentle slope.   

Central Fan: Sequence VIII. Toe of slope. 
PBB: Sequences VIII. Point of sediment entrance into the mini-basin.   

Traps 
Traps and seal are mainly associated with shale deposition above and below the 
potential reservoirs. Also, active structural deformation certainly has affected some 
areas (east and west deformed wedges),  promoting hydrocarbon trapping.  

Channel Elements 

Levee-Overbank 

Lobe Sandstones 



Modified from ANH - Open Round, (2010). 
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Modified from Nino, (2005). 
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Eight third order (1 to 5 m.y) seismic sequences were identified. Seismic Sequence I to V 
were deposited in inner shelf to bathyal environments during Early Miocene to Late 
Miocene time. Seismic Sequence VII and VIII correspond to Magdalena Submarine Fan 
deposition.  

 
Fourth order stratigraphic events are present within each third order cycle. Fourth order 
cycles describe an increase in sea level from Early Miocene to middle Late Miocene 
(Tortonian) followed by a lowstand event that is permanent until Holocene.  
 
A third-order coastal onlap curve and fourth-order sea level curves have been constructed 
for the Magdalena Submarine Fan area of influence from seismic and well data. These 
curves  can be utilized as a guide to predict the stratigraphic occurrence of reservoir, source, 
and seal rock.  
 
Coastal onlap changes marked by regressions and relative lowstand events will promote 
possible reservoir rock to be deposited in basinward locations; transgressions will be 
associated with source and seal deposition whereas stillstand coastal onlaps or highstand 
system tract will place potential reservoirs in more proximal locations.  
 
 
 

 
 

 



 
Deformation started during late Cretaceous and Early Cenozoic time with the Farallon 
plate (Nazca plate) subduction beneath the South America plate. During Early 
Miocene time the Caribbean plate started its subduction against the South America 
plate. Maximum tectonic deformation took place during Late Miocene time due to 
the accretion of the Central American Arc in the southwest corner of the Caribbean 
plate. This event corresponds to the Andrean Orogeny and formed the two deformed 
wedges in the area of study.    
 
The oldest geologic record of the Magdalena Submarine fan corresponds to Late 
Miocene time in the Plato and Sucre canyons. The Magdalena Submarine fan was 
deposited sequentially in Luruaco (Late Pliocene), Galerazamba (Middle Pleistocene), 
north of Cartagena (Late Pleistocene), Cienaga de Santa Marta (Early Holocene) and 
near Barranquilla (current position).  

 
The area of study corresponds to a frontier basin where a petroleum system has not 
been proven, although potential reservoir such as channel-fills, sheet sandstones and 
levees are present in different third order sequences.  
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