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Abstract 

 

Hydrocarbon potential in the Offshore Caribbean Basin in Colombia has been proven by recent exploratory success in the region, with the 

hydrocarbon discoveries of Perla in 2009, Orca in 2014 and Kronos in 2015. The petroleum systems effectivity is recognized as associated with 

biogenic and thermogenic and processes for hydrocarbon generation (Ramirez et al., 2015). Biogenic hydrocarbons are generated from 

immature source rocks exposed to bacterial activity, sourced mainly from Lower to Middle Miocene shaly stratigraphic units. Recorded 

thermogenic hydrocarbons are generated from Eocene and Oligocene source rocks that have attained a sufficient depth of burial and thermal 

maturity level (Ramirez et al., 2015; Ramirez, 2007; Rangel et al., 2003). Besides Eocene, Oligocene and Miocene organic rich strata, source 

rocks in the Caribbean offshore basin of Colombia may include Cretaceous rocks which can be equivalent to the La Luna Formation of 

Maracaibo area with a kerogen type II (Yurewicz et al., 1987).  

 

Source rocks of Tertiary units have been identified as type III, which give the basin its predominantly gas-prone character. Recent data and 

Ecopetrol interpretations (Ramirez et al., 2015; Ramirez et al., 2012) have allowed us to postulate a Late Cretaceous source rock in the deep 

offshore area in the western part of the basin in preserved stratigraphic sections associated with the South Caribbean Deformed Belt and in 

hemi-graben type depocenters in the Caribbean Plate. Upper Cretaceous source rocks have been identified in DSPD and ODP locations in the 

deep Colombia Basin (Moore and Fahlquist, 1976). Heat flow data, thermal regime interpretations and 1D and 2D modeling can constrain the 

generation potential of these potential Mesozoic source rocks. The integration of a regional geologic framework, based on information 

associated with the different elements of the petroleum system from both local scale and basin scale (Caribbean-South America geology) along 

with thermal history data and petroleum system modeling can provide a better understanding of petroleum systems processes and the associated 

hydrocarbon potential in this frontier offshore area of Colombia. 
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ABSTRACT

Hydrocarbon potential in the Offshore Caribbean Basin in Colombia has been proven by recent exploratory success in region,

with the hydrocarbon discoveries of Perla in 2009, Orca in 2014 and Kronos in 2015. The petroleum systems effectivity is

recognized as associated to biogenic and thermogenic and processes for hydrocarbon generation (Ramirez et al, 2015). Biogenic

hydrocarbons are generated from immature source rocks exposed to bacterial activity, sourced mainly from Lower to Middle

Miocene shaly stratigraphic units. Recorded thermogenic hydrocarbons are generated from Eocene and Oligocene source rocks

that have attained a sufficient depth of burial and thermal maturity level (Ramirez et al , 2015; Ramirez, 2007, Rangel et al.,

2003).

Besides Eocene, Oligocene and Miocene organic rich strata , source rocks in the Caribbean offshore basin of Colombia may

include Cretaceous rocks which can be equivalent to La Luna Formation of Maracaibo area with a kerogen type II (Yurewicz et al,

1987). Source rock of Tertiary units have been identified as type III, which give to the basin its predominantly gas prone

character.

Recent data and Ecopetrol´s interpretations (Ramirez et al, 2015; Ramirez et al., 2012) have allowed to postulate a Late

Cretaceous source rock in the deep offshore area in the western part of the basin in preserved stratigraphic sections associated to

the South Caribbean Deformed Belt and in hemigraben type depocenters in the Caribbean Plate. Upper Cretaceous source rocks

have been identified in DSPD and ODP locations in the deep Colombia Basin (Moore and Fahlquist, 1976). Heat flow data,

thermal regime interpretations and 1D and 2D modeling can constrain the generation potential of these potential Mesozoic source

rocks.

The integration of a regional geologic framework, based on information associated to the different elements of the petroleum

system from both local scale and basin scale (Caribbean-South America geology) along with thermal history data and petroleum

system modeling can provide a better understanding of petroleum systems processes and the associated hydrocarbon potential in

this frontier offshore area of Colombia.

The Colombian

Caribbean offshore is the

current boundary

between the South

American and Caribbean

plates. The most

important geological

features are: the Hess

escarpment, the Beata

Ridge, the Aves Ridge

and the Caribbean

Deformed Belt. The

occurrence of several

deformation events

results in a geologically

complex area,

characterized by diverse

structural styles such as

thrust belts and rotated

blocks controlled mainly

by transpressive strike-

fault movements related

to the oblique plate

convergence generated as

the Caribbean Plate

advances in an E-SE

direction relative to the

South American Plate.
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CHRONOSTRATIGRAPHIC FRAMEWORK

STRATIGRAPHIC RECORD

STRUCTURAL   INTERPRETATION

General lithologic
record and
stratigraphic column
of the Guajira Basin,
with detail in the
units of interest for
this work (from
Rubio and Ramirez,
2000).
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Regional Wheeler Diagrams prepared from

the integration of available biostratigraphic

and chronostratigraphic records in the Guajira

Basin. (Mantilla et., al 2015).

General lithologic
record and
stratigraphic column
of the Sinu-San
Jacinto Fold Belt.
(From Ecopetrol
2016).



SEAL ROCK OCCURRENCE
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Santa Ana-1 (proj.) Gas producer well

Seal risk evaluated for the
Sequences IIIM and IVM by Ramirez
et Al. (2004)
according to capacity (capillary
pressure), integrity (clay composition
and framework) and geometry
(thickness and areal extension).
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The Guajira Basin is in a region that shows a range of Heat Flow between 20 and
85 mW/m2, values that are consistent with the relatively low thermal gradient
calculated by Rubio and Ramirez (2000) from borehole temperatures.
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Oligocene
shallow
platform and
deltaic
environments.
Uashir-1 and
Santa Ana-1
(Olaya et Al.,
2003)

Gravimetric map showing the depocenters in the Caribbean.
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PETROLEUM  SYSTEMS  MODELING
Geologic Model Built from Seismics Scaled Geometry of Surfaces and Faults

Digitizing of Geometries from 
Cross Section of Seismic line 
in Depth

Horizons ID and Assignment of Ages 

Assignment of Lithologies and Facies Definition of Petroleum System Elements Definition of Source Rock Distribution

PETROLEUM SYSTEMS SIMULATION
Maturity Simulation Transformation Rate Simulation 

Generation Simulation Simulation of Biogenic activity window

The Eocene source rocks reached the maturity window at 32
m.a., while the Oligocene source rocks only reached maturity by
12 m.a. According to the modeling, the Middle to Upper Miocene
source rock have not reach thermal maturity. Presently,
Cenozoic mature source rocks in the Guajira Basin are buried at
depths greater than 13000’.
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Modeling and simulation of the petroleum systems in
the Guajira Basin show a clear distinction between
biogenic and thermogenic generation processes.
The gas fields are fed mainly from Middle to Upper
Miocene source rocks which have not reached thermal
maturity and are buried in the “bacterial activity
window (40-80 °C)” since 7 m.y. ago.
Eocene and Oligocene source rocks reached maturity
32 m.a. and 12 m.a. respectively. These Cenozoic
source rocks are now buried at more than 13000’, and
feed the thermogenic hydrocarbons occurrences
recorded in the deep offshore part of the Basin.
This thermogenic scenario, along with recently
recognized high resolution geochemical evidences,
provides a framework for exploration of deep offshore
pre-Miocene to Mesozoic objectives in the Guajira
Basin.
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Modified from Ramirez (2006) and Ramirez et Al. (2003)


