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1 - INTRODUCTION

The Sinú-San Jacinto Basin is located in the northwestern corner of 
Colombia, and it is the most prolific area in oil and gas seeps among Colombian 
basins. This under - explored basin limits to the east with the Romeral fault 
system; to the north with the Oca Fault, to the northwest with the South 
Caribbean Deformation Belt deformation front; to the southwest with the 
Uramita fault system, and to the south with the Cretaceous sedimentary 
and volcanic rocks of the Western Cordillera (Figure 1).  The structural 
development of the basin is linked to the transpressional-transtensional 
deformation generated by displacement of the Caribbean Plate.

Figure 1. Location map of the Sinú – 
San Jacinto Basin. Modified from Barrero et al. (2007).

1.1 EXPLORATION HISTORY

The Sinú – San Jacinto basin, although being under-explored, has a 
long exploration history. The first exploratory well in Colombia was drilled 
in this basin in 1907 (Las Perdices-1 well) but the exploratory success 
has been very low with only one well with commercial production, (the 
Floresanto-1 well that was in production for only about two years before 
being depleted), and some test production in another thirteen wells in the 
basin that were considered non-commercial.

According to the Exploration and Production Information System 
(EPIS) (status - 2011), 191 wells have been drilled and 122 2D and 3D seismic 
surveys have been acquired in the basin from 1967 to 2009 (Figure 2)

Figure 2. Wells (blue dots) and seismic (red lines) map of the Sinú – San Jacinto 
Basin. In yellow and blue are respectively highlighted the onshore and offshore 

parts of the basin.
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• SINÚ AND SAN JACINTO BASIN

1.2 PRODUCTION

Hydrocarbon production commercial and non-commercial has been 
summarized in table 1.

WELL
DRILLING 

YEAR
COMPANY

TEST & 
PRODUCTION

T.D. 
(Feet)

TARGET

LAS PERDICES-1 1907 COLOIL
IP:50 BDPP 

TEST:480 BOPD + 
3 MMCFGD

754 ND

CARMEN-2 1908 COLOIL IP: 100000 CFGPD 954 ND

GERMAN-1 1910 WAMBERSIE IP: 40 BOPD 114 ND

GERMAN-3 
(LOBO-2)

1911 GERMAOIL IP: 3BOPD 210 ND

SAN 
SEBASTIAN-1

1915 SOCONY
100 BOPD 

(DURING 2 YEARS)
2070

CHENGUE 
(EOCENE)

REPELON-1 1928 RICOL DST 0.5 MMCFGD 2117 ND

FLORESANTO-1 1945 SOCONY-AMB
28730 BLS 51° API (IN 2 

YEARS DEPLETED)
6936 ND

POLONUEVO-105-1 1953 INTERCOL 1.2 MMCFG 12525 CHENGUE (EOCENE)

TOLU-1 1959 MECON-ECP IPC: 1898 MCFG 9326
CERRITO (UPPER 

MIOCENE)

ARBOLETES-1X 1968 PHILLIPS 268 MCFG 8832
CIENAGA DE ORO 

(OLIGOCENE)

CARTAGENA-2X 1977 TEXAS DST 11 MMCFG 12343 ND

MOLINERO-1 1979 ECOPETROL 5.5 MMCFG 9956
ARROYO DE PIEDRA 

(EOCENE)

BARRANQUILLA-1 1980 KOCH DST 1.7 MMCFG 12027
HIBACHARO (UPPER 

MIOCENE)

JARAGUAY-N1 1981 PETROCOL 126 BOPD (48° API) 4739 TUBARA

Table 1. Summary of hydrocarbons production in the Sinú – San Jacinto Basin. 
From Ecopetrol (2000).
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CHAPTER 2 - REGIONAL GEOLOGIC FRAMEWORK

2.1 STRATIGRAPHY

The stratigraphy of the Sinú – San Jacinto Basin is relatively complex; due 
to the complex geologic setting of the area, and the amount of stratigraphic 
units proposed by many authors and oil companies along  its exploratory 
history, more than 90 stratigraphic units can be found in the literature of the 
area, many without formal definition or even biostratigraphic support.

Considering this, the following is an attempt to summarize the 
stratigraphy of the area using the stratigraphic units that have better 
biostratigraphic and sedimentological support, in order to present a clearer 
view on the stratigraphic evolution of the basin.

2.1.1 LATE CRETACEOUS

The oldest sedimentary unit in the Sinú – San Jacinto Basin, the Cansona 
Formation, comprises a series of marine and deltaic deposits, (relatively 
shallow) which were accumulated unconformably on the basement. Although 
there are only a few outcrops of this unit in the San Jacinto Belt, it is presumed 
that it could be present under the thick sedimentary sequence of the Sinú 
Belt. Lithologically, the Cansona formation is composed of arenites, calcareous 
mudstones with rich foraminiferal content, cherts and locally conglomerates 
within a transgressive-regressive sequence. The available data from wells, 
surface, seismic and the environmental interpretations allow establishing that 
its thickness may reach up to 400 m according to recent data gathered from 
the Chalan Anticline area, (Alfonso et al., 2009), becoming thinner towards 
the east, which indicates that the paleogeography from the late Cretaceous 
and the early Paleogene developed a coast line close to the present western 
boundary of the Lower Magdalena Valley; a region that had acted as a positive 
relief and source area for the sediments of this formation. The biostratigraphic 
data of the unit suggests that it was deposited during the late Cretaceous 
(Santonian - Maastrichtian).

The Cansona Formation depositional environment has been interpreted 
in various ways by several authors. Guzmán et al. (1994) assign a deep bathyal to 
pelagic environment by the presence of planktonic forams, coccolithophorids, 
and Radiolaria.  Geotec (1997) suggests a marine environment including 
possibly a middle neritic to bathyal environment due to the presence of 
radiolarians and silicified small foraminifera. Micropaleo Consultants in Geotec 
(1997) think that the high percentage of plankton to benthic species suggests 
an open sea environment. 

According to the facial and environmental interpretation of Alfonso et 
al. (2009), the Cansona Formation sedimentation in the Chalán sector of the 
San Jacinto fold belt, occurred in fluctuating, low energy and relatively shallow 
sea bottoms (depths between 100 to 20 m), located between the middle to 
inner shelf and the transitional zone, sensu Galloway and Hobday, (1996).  

Juliao et al. (2011) carried out a palinofacies study of seven stratigraphic 
columns of the Sinú – San Jacinto basin, for the Cansona Formation, finding 
that these rocks were deposited in a suboxic to anoxic shelf environment that 
progressively shallows upward to shallow marine proximal environments.

2.1.2 EARLY PALEOCENE

This period corresponds to a hiatus represented by the unconformity 
existing between the Cansona Formation and the overlying rocks. This 
unconformity implies that the Cansona Formation was exposed to erosion 
during this period of time as a result of Early Paleocene uplift recorded by 
the AFTA data analyzed by Alfonso et al. (2009), and that could be the main 
reason to find outcrops of the Cansona Formation in only few places in the 
San Jacinto Belt.

2.1.3 MIDDLE TO LATE PALEOCENE AND EARLY EOCENE

 During this time in the Sinú – San Jacinto Basin developed, recorded 
by the Arroyo Seco Formation, which is composed of fan-delta aggradational 
deposits, suggesting active tectonics with faults generating accommodation 
space for sediments (Bermudez & Hincapié, 2008). 

According to INGEOMINAS cartography described in Guzmán et al. 
(2004), the San Cayetano Formation corresponds to fining-upward sequences 
of arkosic lith arenites, from conglomeratic to fine grained, poorly selected, 
usually yellowish brown by alteration to dark olive green in fresh sample, 
siliceous cement, locally calcareous. With minor intercalations of mudstones 
with fine to medium grained grayish sands in thick to very thick beds with 
calcareous cement, bioturbated, with abundant gypsum and secondary 
sulphur. 

 The San Cayetano Formation, present in the San Jacinto Belt, correlates 
in the Chalán area with the lower part of the Arroyo Seco Formation, 
according to its definition in Alfonso et al. (2009), where it is described 
as a set of thick to very thick beds of pebble and cobble clast-supported 
conglomerates, composed by chert (60%), fragments of andesites-rhyolites 
(25%) and siltstone, limestone, and sandstone blocks (15%), with sandy lithic 
matrix, and locally calcareous cement, developed in laterally discontinuous 
layers and in vertical sequences, with normal gradation, occasionally grading 
up to medium-grained litharenites with casts of leaves and stems. 

According to Guzmán et al. (2004), several authors have postulated a 
turbidite origin for the San Cayetano Formation.  Zimmerle (1968), Duque-
Caro (1972, 1973 and 1978) and ICP – GOX (2001), Mutti and Ricci Lucchi 
(1978)-type report lithofacies and part of Bouma sequences, indicating a 
turbiditic origin for this unit, probably of an inner to middle proximal fan 
environment. 
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However, Alfonso et al. (2009) proposed that, while the Arroyo Seco 
Formation rocks show turbiditic evidences, its origin is associated with 
deltaic, relatively shallow systems where it is possible to have chaotic 
sequences, debris flows and hyperpicnal flows, associated with high energy 
depositional events, as well as coastal and even paralic and river deposits, 
adjacent to a coastal area. 

2.1.4 EARLY EOCENE TO MIDDLE EOCENE BOUNDARY 

This boundary corresponds to a hiatus represented by the unconformity 
between the San Cayetano Formation and the overlying Maco Formation, 
according to the description of the geological plates 31, 44 and 52 in Guzmán 
et al. (2004). 

However, in the study of Alfonso et al. (2009), of the Chálan area, this 
limit does not correspond to an unconformity, because it defines the upper 
and lower boundary between the upper and lower members of the Arroyo 
Seco Formation in a transitional change.

2.1.5 MIDDLE EOCENE

According to the stratigraphic nomenclature, the Maco, Arroyo Seco 
(Upper Member) and Chengue formations are part of this time interval.

The Maco formation presents at the base a sequence of medium grained 
to conglomeratic arkosic litharenite, of dark yellowish orange color, arranged 
in medium-sized to very thick beds with thick layers of polymict conglomerates 
with a sandy matrix. Some very pale orange calcareous fragments, hard, 
with angular fragments of limestone and igneous rock and sporadic brown 
mudstone intercalations are also present (Guzmán et al., 2004).  

In the central sector of the basin in the vicinity of the Chalán area 
Alfonso et al. (2009) defined the Middle Eocene as the upper part of the 
Arroyo Seco Formation.

The upper part of the Arroyo Seco formation is predominantly 
composed of interbedded layers of fine-grained litharenite, with dark grey-
green siliceous mudstones, with eventual calcareous concretions. It has 
characteristic plane parallel and slightly wavi lamination in the mudstones 
and trough cross-bedding in the sandstones, with frequent presence of 
muddy intraclasts (Alfonso et al., 2009). It correlates to the south with the 
Maco Formation defined as Middle Eocene in age.

To the north of the basin the lithological variation in the Middle 
Eocene rocks, resuls in the Maco Formation in this area only corresponding 
to the lower Middle Eocene, since fthere, the Chengue Formation, which 
is upper Middle Eocene in age and overlies the Maco Formation, has been 

defined. Taking into account the description made in Guzmán et al. (2004), 
the Chengue Formation consists of a series of algal biosparitic limestones 
and calcareous mudstones (marls) with plane parallel lamination and 
microfauna content. 

 According to the definition of environments for the Maco and 
Chengue formations by Guzmán et al. (2004), in the area to the north the 
facies change from fan delta deposits developed in a shallow shelf (Maco 
Formation) to a shallow marine environment conducive to deposition of 
bioclastic calcareous bodies (Chengue Formation) is observed.

2.1.6 LATE EOCENE

In the late Eocene, a new relative lowstand in the sea level allows for 
the establishment of carbonates and deltaic environments, prograding on a 
shallow shelf (Bermúdez & Hincapié, 2008).

The lower late Eocene interval is represented by a regional 
unconformity, which is the contact between the Maco and Maralú formations 
in the south of the basin, between the Arroyo Seco and Toluviejo formations 
in the central part of the basin and between the Chengue and San Jacinto 
formations in the north of the basin. 

From this point in time the rocks of the Sinú belt are also inclued since 
older rocks are not recorded in that area. This means that the previously 
mentioned nomenclature has been defined only for the San Jacinto Belt 
where, rocks of these ages crop out. This does not mean however that rock 
of these ages do not exist in the Sinú Basin-only that, none of the wells drilled 
have reached sediments of older ages this area.

In the south of the basin the Late Eocene is represented by the Maralú 
Formation, in the central part by the early Oligocene Toluviejo Formation 
and the late Oligocene Cienaga de Oro – El Floral formations, while in the 
north, the late Eocene - early Oligocene San Jacinto Formation and the early 
Oligocene to early Miocene Arjona and Carmen Formations are present.

The Maralú formation consists of a series of white to cream marls 
interbedded with greenish carbonaceous lutites, with rich foraminiferal 
content. Local intercalations with light brown lithic arenites, fine to very 
fine grained, are present At the La Resbalosa Creek, there are outcrops of 
marls interbedded with greyish micrites with strong smell of hydrocarbons 
(Guzmán et al., 2004).  

The characteristics of the Maralú Formation suggests that it was 
deposited in a calm and relatively shallow marine environment, perhaps 
a subsiding shelf with chemical precipitation predominantly to the west of 
the area, and mainly fine-grained terrigenous input to the east, suggesting 
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greater proximity to the source area, locally presents volcanic deposits 
(Geotec, 1997 in Guzmán et al. 2004).  

The lower part of the Toluviejo Formation is composed of grainstone 
limestones in thick and irregular beds, with incipient wavy lamination; in 
these limestones, milky quartz granules are frequent, and in some locations 
are so numerous that it is a conglomerate with calcareous cement. Toward 
the top the terrigenous fragments disappear and the limestones are cleaner, 
forming mid-thickness beds, undulated bi-convex (bioherms), in which 
debris of corals, algae, pectinids and echinoderms are common. In some 
sectors, such as El Salto Creek, oncolites biostromes, and pectinid   and 
echinoderm   shell layers predominate towards the middle and upper part 
of the succession (Alfonso et al., 2009).

The Toluviejo Formation developed as algal patch reef deposits at 
depths that do not exceeded 30 m. The presence of grainstone is an indicator 
of high energy in tidal to subtidal areas of carbonates shelves with a high 
remobilization of bioclasts. These characteristics are commonly found in 
barriers, beaches, and bars (Alfonso et al., 2009).

The lower part of the Maralú formation correlates to the north with 
the Toluviejo Formation of the Chalán area. This correlation is a lateral facies 
variation as a product of changes in the deposition from a relatively shallow 
marine to a carbonate platform environment.

The Ciénaga de Oro Formation, according to Dueñas and Duque-Caro 
(1981) in Guzmán et al., (2004) is a predominantly sandy unit consisting 
in general of an alternation of fine-grained to conglomeratic sandstones, 
intensely bioturbated siltstones, in plane parallel layers, grey, slightly 
calcareous shales, carbonaceous shales and coal.  Dueñas (1986) assigned 
to the Ciénaga de Oro Formation a deltaic transitional environment. 

The El Floral Formation in the Chálan sector has been defined by 
Alfonso et al. (2009) as medium-thick and irregular layers of reddish  
litharenites with calcareous cement, rich in foraminifera, with thick to 
medium layers of siltstones, light gray in fresh rock and ochre in weathered 
rocks and wavy lamination. Towards the base of the sequence, it is common 
to find layers of pellets and mudstones rich in foraminifera, gastropods, 
fragments of crabs, fish teeth and bivalves. Incipient, bioturbation occurs 
in the form of thick thalassinoides. 

Climbing in the succession, the sandstone layers disappear and the 
unit becomes muddy and calcareous with faint plane parallel lamination 
in very thick layers with irregular sheets of gypsum. The same authors 
interpreted that the sedimentation at the base of the unit occurred 
in a shallow marine environment between the inner platform and the 
transition zone. In addition, the upper part is characteristic of a marine, 

anoxic external neritic environment, with water depths between 100 and 
200 m.

North of the Chalán area is deposited the San Jacinto Formation, 
defined in Guzmán et al. (2004) as a “basal conglomerate” present in almost 
all locations. The size of the clasts is gravel with fragments of calcareous 
ferruginous mudstones, fragments of granite and porphyries, clasts of 
limestone, black chert and milky quartz. At the lower part, are present 
fining-upward thick beds of fine to coarse grained to conglomeratic sub-
arkosic quartz sandstones, occasionally glauconitic, with calcareous cement 
and thick oyster shells and plant debris. Within the definition of this unit, it 
is also said that in the Chalán area there are lenticular micritic limestones 
without macrofossils, arranged in thick and medium, plane parallel layers. 

This evidences lateral environmental variation for the transition 
between the Toluviejo and San Jacinto formations.  In the Carmen de Bolívar 
- San Juan Nepomuceno area, sediments of the San Jacinto Formation 
correspond to deposits associated with proximal fan deltas, where the 
sequences show facies variations caused by the tectonic evolution of the 
area (Duarte, 1998).

To the north of Chalán and to the west of the San Jacinto Belt the 
Arjona Formationis is found that is formed by a series of brown mudstones, 
interbedded with thick beds of normally graded sandstones, conglomeratic 
towards the base, with wavy parallel stratification, and sparite nodules of up 
to 2.5 m (Guzmán et al., 2004).  

The lithological and textural features of the Arjona Formation indicate 
a shallow marine to deltaic sedimentary environments, in some parts. A 
prograding delta sequence may exist. In the geological plates 23 and 29-
30 can be seen a widespread lateral continuity of the beds, corresponding 
to channels filled with clastic material, high bioturbation and almost total 
destruction of primary sedimentary structures towards the base, interbedded 
with clayey and silty sediments with abundant presence of organic material 
and plant debris. The presence of slump structures suggests deposition by 
gravity flows (Guzmán et al., 2004).  

According to Guzmán et al. (2004) the El Carmen Formation, located to 
the East of the San Jacinto Belt consists of dark to medium grey mudstones, 
bioturbated; in some levels these mudstones have an abundance of 
planktonic foraminiferas, and gypsum and sulphur veins. 

According to Duque-Caro et al. (1996) and Clavijo and Barrera (1999), 
lithological and textural features of the El Carmen Formation indicate 
sedimentation in an internal marginal basin (“inner borderland basin”), 
restricted and relatively anoxic, with inputs from silt, mud and precipitation 
of carbonates, with occasional invasion of organisms that produce 
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bioturbation. The microfauna indicate a bathyal zone with no more than 900 
m depth (Melonis pompilioides, Gyroidina soldanii, G. Multicostata, Cibicides 
floridanus, Bulimina corrugata y Siphogenerina multicostata). 

For Petters and Sarmiento (1956), fauna of the Cibicides perlucidos 
zone indicates the presence of a normal neritic environment with a depth 
lower than 200 m and a temperature of 11-13°. At the top of the zone the 
basin is deepening. In the basal part of the Globigerinita dissimilis zone the 
deepening continues, to a bathyal depth (200 m approximately). At the 
top of the same zone, shallowing conditions of the basin to shelf edge are 
indicated (Guzmán et al., 2004).   

For Dueñas and Duque-Caro (1981), the presence of planktonic 
foraminifera in the El Carmen Formation indicates marine conditions 
between 200 and 600 depth meters.

2.1.7 EARLY MIOCENE

 The Early Miocene includes the unconformity at the top of the 
Oligocene deposits and put in the south the Maralú Formation of the Sinú 
area in contact with the Lower Pavo Formation, and in the north the Arjona 
Formation with the Hibácharo Formation. In the central and eastern parts 
of the San Jacinto Belt the Maralú, Ciénaga de Oro and El Floral Formations 
connect with the Porquera Formation, and the Carmen Formation connects 
with the Rancho Deltaic Fan.

2.1.8 MIDDLE MIOCENE 

To the south, from west to east, the Middle Miocene includes the 
Pavo and Floresanto (Sinú Belt) and Porquera (San Jacinto Belt) formations. 
In the central zone in the Chalán area are the Jesús del Monte and Rancho 
formations, the former overlying the latter. The northern area mainly 
corresponds to the Hibácharo Formation.

The Lower Pavo Formation consists of thick to very thick beds of 
medium grained lithic to sublithic sandstones of blue gray to middle gray 
color, with calcareous cement and moderate selection, interbedded with thin 
to medium beds of greenish grey to brown lutites. The sandstones are sandy 
conglomerates of pebbles with some fragments of oysters; plants debris is 
found sporadically in the claystones, and locally there are thin layers of peat. 
Sedimentary structures such as: cross stratification, discontinuous wavy 
lamination of coal and/or asphalt, turboglyphs, scour marks, bioturbation 
and ichnofossils are recognized (Geotec, 1997 in Guzmán et al., 2004).   

The Upper Pavo Formation according to Geotec (1997) consists of 
lutites with some sandy levels at the bottom. The lutites are variegated of 
light brown tones, red, grey-green, grey, violet and reddish brown. Plants 

debris and bioclasts of oysters, and horizontal, vertical and tube-like burrows 
are found. Scouring is reported in some levels and small to large scale cross 
stratifications indicate a deltaic transitional environment.

The Floresanto Formation presents at the base a series of brown yellow 
gray, medium grained sandstones, slightly calcareous and fining-upward in 
grain size and thickness. Towards the top there are thin to very thick beds of 
lutites interbedded with calcareous siltstones and lithic sandstones.

Geotec (1997) reported brown lutites interbedded with orange 
siltstones and lithic calcareous fine to medium grained sandstones. Plant 
debris, coal and bivalve shells are present. According to Geotec the unit 
reflects a marine environment with bathyal depths.

The Pavo Formation correlates to the east with the Floresanto 
Formation in the Sinú belt. 

According to Dueñas and Duque-Caro (1981), the Porquera Formation 
of the San Jacinto Fold Belt consists of yellow-brown and gray variegated 
calcareous material with macrofossils and calcareous concretions towards 
the top. In the northeast of the F8 quadrangle the belt becomes sandier. This 
formation is correlatable with the Floresanto Formation. The depositional 
environment of the Porquera Formation is probably marine between 200 
and 600 m in depth. 

The Rancho Formation is composed of a thick sequence of sandstones 
with some clayey siltstones. The better exposures of this unit are in the 
Alférez Creek, where observable mud diapirs are common (Guzmán et al., 
2004).  

Duque-Caro et al. (1996), in the geological plate 38, determine the 
lobular form of this formation, and its facies association to be a fan deposit 
with predominance of sand and mud transported over the outer edge of a 
platform and channeled at the mouth of a submarine canyon. The microfauna 
indicate that the Rancho Formation began its deposition in a lower bathyal 
environment with depths between 2000 and 1000 m (Ocurrence of 
Cyclamida cancellata, Melonis pompilioides and Gyroidina soldanii). 

This interpretation is in contrast with Petters and Sarmiento (1956) 
who assign to the bottom of the Sigmoilina basispinata zone a neritic 
environment (between 200 and 400 m), as for the Sigmoilina tenuis zone, 
but with a substrate with low oxygen content (Guzmán et al, 2004).  

For the Jesús del Monte Formation in the El Carmen-Zambrano section, 
towards the base of the unit, a thick bed of olive green grey claystones is 
reported. The top is characterized by the presence of olive green and grey 
claystones with thin silty and sandy lenses interbedded with thin layers of 
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fine to very fine grained lithic calcareous sandstones with glauconite. At the 
base of the unit a level of arkosic sandstones known as the Areniscas de 
Mandatú Member is found (Guzmán et al. 2004).  

According to Duque-Caro et al. (1996), the Jesús del Monte Formation 
is characterized by shallowing to the top of the unit. The Bulimina 
carmenensis and Uvigerina subperegrina zones (Petters and Sarmiento, 
1956; Duque-Caro, 1973, 1990) mark the climax of the Andean orogeny and 
maximum uplift in Northern South America (Duque-Caro, 1990). For Petters 
and Sarmiento (1956), the foraminifera indicate a neritic environment. 

The fauna in general indicates deterioration in the living conditions of 
organisms inhabiting the bottom. The fauna of molluscs indicate a relatively 
shallow environment with predominance of gastropods; the lithology in 
general and the existence of strong bioturbation at the base of the unit 
reflects also confirm shallow marine environmental conditions (Guzmán et 
al., 2004).  

To the north the Porquera Formation correlates with the Rancho 
and Jesús del Monte formations in transitional contact, being the Rancho 
Formation of Early Miocene and Jesús del Monte Formation of Middle 
Miocene age.  

Further to the north, the Rancho and Jesús del Monte formations 
correlate with the Hibácharo formation, that according to Guzmán et al. 
(2004) consists of thick to very thick beds of fine-grained to conglomeratic 
lithic sandstones, interbedded with claystones and mudstones, arranged in 
thick to medium layers, predominantly green olive in color. Towards the top 
it is overlaid by conglomeratic sandstones with abundant fossil fragments of 
molluscs that would correspond by comparison to those found in the Tubará 
Formation. 

Barrera (1999) in Guzmán et al. (2004), postulates an outer shelf to 
upper bathyal marine environment for the base of the Hibácharo Formation 
and inner shelf environment for the top, in an overall-regressive sequence. 

A relative fall in sea level occurs in the late Miocene, allowing 
the progradation in the San Jacinto Fold Belt of sandy facies of coastal 
environments, represented by the El Cerrito Formation and equivalents 
(Bermudez and Hincapié, 2008). This period of time represents the 
unconformity that puts in contact the Porquera Formation of the San Jacinto 
Belt with the El Cerrito Formation, the Jesus del Monte and Hibácharo 
formations with the Tubará Formation to the north of the San Jacinto area, 
and the Pavo and Floresanto Formations with the Pajuil Formation at the 
Sinú area.

2.1.9 LATE MIOCENE AND PLIOCENE

To the south of the Sinú- San Jacinto basin this time interval includes 
from west to east: the Pajuil (lower late Miocene), Morrocoy - El Pantano 
(upper late Miocene), Arenas Monas (upper late Miocene – early Pliocene), 
Corpa (Pliocene) and El Cerrito (Late Miocene - Pliocene) formations.  The 
central area includes El Cerrito Formation and the overlying El Descanso 
Formation. To the north, in the western sector the Bayunca and Tubará 
formations, correlate with each other. 

 The Lower Pajuil Formation consists of grayish olive calcareous 
sandstones interbedded with gray lutites and siltstones with plants debris. 
The Upper Pajuil Formation is a predominantly lutitic sequence with the 
occasional presence of sandstone, plant debris and rare shells of molluscs 
(Guzmán et al., 2004).

This formation is well exposed in the Las Palomas Range. According 
to Oppenheim (1957) it consists of bluish gray shales interbedded with 
sandstones and sandy shales, common in the stratigraphic succession are 
levels of limestone and concretions (Guzmán et al., 2004).

Geotec (1997), in Guzmán et al. (2004), proposed an upper bathyal to 
neritic marine environment for the Pajuil Formation. 

The Pajuil formation is partially overlaid by the Morrocoy – El Pantano 
and Arenas Monas formations. 

Geotec (1997) divide the Morrocoy – El Pantano Formation from base 
to top, in four subunits from “a” to “d”; the “a” subunit has a the base of thick 
to very thick beds of friable lithic sandstones locally calcareous,  grading to 
siltstones, mudstones and claystones in thick laminae and thin to medium 
beds; the “b” subunit consists of thin to very thick beds of lithic sandstones 
with plane-parallel and trough cross-bedding, which interbed or grade to 
grey-brown or dark grey lutites with plant  debris; the “c” subunit consists of 
thick to very thick beds of bioclastic sandy conglomerates that vary laterally 
and vertically to medium and very thick beds of lithic sandstones which in 
turn are interbedded with thin to very thick beds of olive green to yellowish 
gray fossiliferous siltstones and dark gray to yellowish lutites; the “d” subunit 
consists of thin to thick beds of yellowish grey to brown reddish lutites 
interbedded with thin to medium beds of yellowish grey to light yellow lithic 
sandstones, in which local, molluscs are well preserved. 

According to Geotec (1997), in Guzmán et al. (2004), the Morrocoy 
– El Pantano Formation is characterized as a sequence of mixed siliciclastic 
to bioclastic facies, initially deposited in a shallow low-energy marine 
environment, with favorable conditions for life, with periodic sea level 
retreats forming lagoons or swampy zones where river channels exist, 
increasing the energy of the environment. 
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The Arenas Monas Formation consists of rhythmic fining-upward 
sequences, that include towards the base, sandy conglomerates of pebbles 
that grade to conglomeratic sandstones, gray sandstones and greenish grey 
lutites to the top (Guzmán et al., 2004).

For the Arenas Monas Formation, an environment influenced by 
a major phase of tectonism in  the area is interpreted, which resulted in 
alluvial fan conglomerates, cyclically deposited by high energy currents at 
the beginning of each event and ending with very fine sediments of inter-
distributary environments (Guzmán et al., 2004).

The upper part of the Arenas Monas Formation in the eastern sector 
of the Sinú Belt correlates with the Corpa Formation.

The Lower Corpa Formation is made up of a series of polimictic sandy 
conglomerates, locally clast-supported, which vary to slightly conglomeratic, 
quartz and lithic yellowish gray-brown sandstones, arranged in very thick 
layers, and laminated siltstones. Scour surfaces and wavy cross-bedding 
with normal and reverse gradation are observed. The Upper Corpa unit 
consists of a series of medium to very thick beds of fine-grained yellowish 
gray sandstones and conglomeratic sandstones, which are composed of 
milky quartz, black chert, sedimentary fragments, muscovite and limonite, 
with bioturbation truncating the stratification (Guzmán et al., 2004).

The Lower Corpa Formation demostrates a continental environment 
of proximal alluvial fans, suggesting that this unit records an important late 
Neogene tectonic activity. For the Upper Corpa Formation, the information 
is insufficient to postulate an environment, but probably corresponds to a 
fluvial continental environment (Guzmán et al., 2004).

In the San Jacinto Belt, the late Miocene to Pliocene is represented 
by the El Cerrito Formation that correlates to the north with the Bayunca, 
Tubará and El Descanso formations.

 According to Guzmán et al. (2004), in the geological plates 44 and 52 
of INGEOMINAS, it  is reported that El Cerrito or Cerrito Formation is made 
up of  a succession of grayish olive bioclastic calcareous sandstones, and 
conglomerates towards the base, as well as fining-upward to fine grained 
sandstones, siltstones and greenish gray claystones interbedded with 
calcareous siltstone concretions. 

Clavijo and Barrera (1999) assigned an upper neritic marine 
environment with plenty of shells transported shells under the influence of 
waves for the El Cerrito Formation. 

In the Chalán area, the upper part of the El Cerrito Formation correlates 
with the El Descanso Formation.

Guzmán et al. (2004) describe the El Descanso Formation as a 
succession of medium beds of light gray conglomeratic litharenites with thin 
layers of reddish mudstones, in which paleosoils development is common.

The few outcrops of this unit show that the formation was deposited 
by meandering rivers and their corresponding flood plains (Guzmán et al., 
2004).

The Bayunca formation consists at the base of very fine-grained, grey 
sandstones arranged in thin to medium beds, interbedded with gray mottled 
siltstones and bioturbated mudstones (bivalves and turritelas). Nodular 
layers of fine-grained calcareous sandstone exist. Towards the top, there are 
coarse grained to conglomeratic quartz sandstones (Guzmán et al., 2004).

The Bayunca Formation presents sedimentary characteristics of 
deposits formed in an inter-tidal zone channels with abundant concentration 
of shells and sandstones filling abandoned channels with erosive contacts. 
Detailed it can be noted the presence of wavy parallel bedding which can be 
completely obliterated by the intense bioturbation. Transported pelecipod 
shells have also been oriented along the cross stratification and in some 
places these shells are preserved in life position (Guzmán et al., 2004).

The Tubará Formation shows, towards the base, alternating 
conglomeratic sandstones and conglomerates with clasts of milky quartz, 
siltstones, black chert and igneous rocks in a sandy matrix there are thick 
to very thick beds of medium to coarse grained sandstones, with abundant 
bioclasts of molluscs, interbedded with claystones and plastic mudstones. 
There is also the presence of small gypsum crystals. In the area of the 
geological plates 16-17 to the top of the sequence, very compact terrigenous 
limestones, which may become bluish grey fine-grained sandstones, with 
fragments of bivalves and gastropods are present (Guzmán et al., 2004).

For Guzmán et al. (2004), taking into account the prevalence of 
Buliminella elegantísima and Ammonia becarii, the high concentration of 
molluscs and the channel fill deposits with plenty of transported shells mixed 
with rounded fragments of chert and mudstones, signity that the Tubará 
Formation was deposited in a shallow marine environment. This unit also 
seems to be associated with lagoonal environments due to the occurrence 
of carbonaceous material and laminar gypsum (selenite) toward the top of 
the unit. In the geological plate 24, according to Duque-Caro (1973), this 
unit corresponds to turbidites facies. However the lithological description 
of the unit allows for interpreting the depositional environment as behind 
the beach by the occurrence of conglomerates and levels of coal found in 
distributary channels and lagoonal areas.

Graphically, the stratigraphy of the area is summarized in figure 3 for 
the northern part of the basin and in figure 4 for its southern part.
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Figure 3. Generalized stratigraphic column of the northern part of the Sinú – San 
Jacinto Basin. From Guzmán (2004). 
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Figure 4. Generalized stratigraphic column for the southern part of the Sinú – San Jacinto Basin. 
From Guzmán (2004). 



Figure 5a. Geological map of the San Jacinto Fault Belt and the Sinú Fold Belt. 
Caribbean realm, NW Colombia. Compiled and edited by Cediel, F. 2011. 

2.2 GEOLOGIC MAP



MAPA PLEGABLE
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Figure 5b. Legend of 5a
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2.3  MAJOR TECTONIC ELEMENTS

Barrero et al. (2007), presented a proposal for the sedimentary 
basins of Colombia, in which they subdivide the Sinú – San Jacinto in two 
areas, one offshore and one onshore. The boundaries proposed for the 
offshore by these authors are:

Northeast: Oca Fault.

Northwest: South Caribbean Deformed Belt deformation front.

Southeast: Present day shoreline.

Southwest: Uramita Fault System.

For the onshore area the limits proposed are:

North-northwest: Present-day coast.

East: Romeral Fault System.

South: Cretaceous and volcanic rocks of the Western Cordillera.

West: Present-day coast.

South-west: Uramita Fault System.

This indicates that the limit between the onshore and offshore 
areas is based on geographic more than geologic considerations, so in this 
document this separation between onshore and offshore basins will be 
disregarded because no geological boundary between them exists for their 
separation.

Considering this, the following are the geologic boundaries for the 
Sinú – San Jacinto to be used:

North: Oca Fault

South: Western Cordillera

East: Romeral Fault System (Note: but this limit will be discussed 
latter).

West: South Caribbean Deformed Belt deformation front.

South-west: Uramita Fault System.

These features compose the major outline of the basin. However, 
there is a problem with the eastern boundary proposed for the basin as 
the Romeral Fault System. To the south of the country, the Romeral Fault 
System has been described as a suture clearly separating oceanic crust to 
the west from continental crust to the east. However, in the area between 
the Sinú – San Jacinto basin and the adjacent Lower Magdalena Valley 
Basin to the east there is no clear geological evidence of a fault system 
separating rocks of oceanic crust from continental crust. There is neither a 
clear surface nor subsurface expression of a continuous fault system along 
the eastern margin of the Sinú – San Jacinto basin that could be considered 
a clear marker for separation of the basin. 

Ruiz et al. (2000) found that there is a major gravity gradient 
onshore to the west, close to the Romeral Fault, that might correspond to 
continental crust, possibly representing a promontory of the pre-existing 
Jurassic-Cretaceous continental margin. An alternative model suggested by 
these authors is that this area represents a block of continental crust that 
has been accreted during the early formation of the San Jacinto Fault Belt 
and represents an allochthonous block of continental crust that collided 
during the early Tertiary, which also suggests a more complex relationship 
between continental crust and oceanic crust along the northwestern 
margin of Colombia. 

Recent geophysical work published by Cerón et al. (2007) suggests the 
non-existence of oceanic crust based on available gravimetric information. 
Their interpretation of the model for the basement in the Sinú area does 
not require high densities typical of mafic rocks, but the observed anomaly 
can be explained with densities in the order of 2.6 – 2.7 g/cm3. This value 
is not conclusive of the absence of oceanic crust, but is better explained as 
bodies composed out of acidic rocks like the adjacent San Jorge basin of 
the Lower Magdalena Valley.

Similar modeling made on the Pacific side, where well known outcrops 
of Cretaceous mafic and ultramafic rocks accreted to the continent form 
the basement, values of the order of 2.8 to 2.9 g/cm3are requiered to 
model the basement. They conclude that the rocks forming the basement 
in the Sinú Basin are not of the same composition that those of oceanic 
affinity in the Western Cordillera, and can be assimilated more to a typical 
attenuated continental crust. For this reason, they postulate a transitional 
continental basement for the Sinú Basin.

Mantilla-Pimiento et al. (2009) proposed the subdivision of the 
northwestern margin of Colombia in three major tectonic areas (figure 6):

A fossil accretionary prism (outer high) which includes the 
easternmost part of the Sinú-Colombia Accretionary Wedge and the San 
Jacinto Fold Belt, assumed to be of upper Cretaceous to middle Miocene 
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age. Seaward, the outer high is characterized by normal faulting, growth 
folding and mud diapirism.

The active frontal accretionary prism of late Miocene to Recent age, 
which corresponds to the external part of the Sinú-Colombia Accretionary 
Wedge. A seaward-vergent imbricate thrust system, which is developed 
in the frontal prism by active deformation and strong shortening.  Based 
on their 3D density model, they conclude that the Sinú Fault does not 
represent a limit between two distinct units accreted in different events 
because no sharp lateral density contrasts exist.

The San Jorge-Plato Forearc Basin (Lower Magdalena Valley) is 
formed between the older accretionary complex and the arc framework. 
Some small depocenters that developed behind the modern accretionary 
prism in the shelf sector are also interpreted as part of the forearc domain. 
The transition between the outer high and the main forearc basin is marked 
by the kilometerwide Romeral Fault Zone, which represents a structural 
break between the smaller basins that fossilizes the outer high to the west 
and the main San Jorge Forearc Basin to the east.

Mantilla et al. (2009) also proposed an offscraping mechanism for 
the emplacement of peridotites, and ultramafic and mafic rocks in the 
San Jacinto Fold Belt, by which during subduction of the Caribbean plate, 
oceanic affinity rocks were detached over continental rocks present in a 
continental tectonic wedge. This based on their results of 3D gravity and 
magnetic modeling, suggest that the Romeral Fault System originated 
within the block of continental crust on which the San Jacinto Fold Belt 
was formed (figure 6).

According to these modeling results, the Romeral Fault System does 
not act like a suture separating oceanic from continental crust.

With this in mind, it is proposed to change the name of the eastern 
boundary of the Sinú – San Jacinto basin from Romeral Fault System to San 
Jacinto Fault System as proposed by Cediel et al. (2003). This is defined as 
the fault system expressed in surface and subsurface by closely spaced, 
high angle west and east hading  faults that give place to the formation 
and uplift of the San Jacinto and San Jerónimo ranges, and to the folding 
and syndepositional deformation of the stratigraphic sequence developed 
to the west of the Lower Magdalena Valley Basin.

Based on the existing cartography, the Sinú – San Jacinto Basin can be 
subdivided in two major areas known as the Sinú Fold Belt to the west and 
the San Jacinto Fault Belt to the east, by the Sinú lineament represented 
from south to north by the Sinú Fault controlling the course of the Sinú River, 
the Villanueva - El Totumo Fault to the north of the Gulf of Morrosquillo 
and the El Jinete Fault in the northernmost part of the basin, because of 

its contrasting structural and stratigraphic characteristics. This lineament 
separates late Cretaceous and Paleocene rocks of the San Jacinto Fault Belt 
to the east from Miocene rocks of the Sinú Fold Belt to the west. This 
boundary is represented in the geologic map by the red continuous and 
dashed line (Figure 7).

The eastern boundary of the basin between the San Jacinto Fault 
Belt and the Lower Magdalena Valley Basin is less clear because it is a 
wide deformation area corresponding to the Romeral Fault System (San 
Jacinto Fault System). At the surface, the boundary could be placed at the 
unconformable contact of the Rancho and Porquero deltaic fans on the 
Paleogene succession cropping out to the west according to the geologic 
map by Cediel (2011) and represented by the light blue and dark blue 
continuous and dashed lines. At the subsurface and below the sedimentary 
sequence of the Porquero deltaic fan sequence of the Lower Magdalena 
Valley basin, a series of east-handing faults that affect this sedimentary 
succession can be seen that are linked to the Romeral Fault System (San 
Jacinto Fault System), so depending on the kind of information used, the 
possible boundary between these two basins could be slightly different 
from that showed in the map (figure 7).
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Figure 6. Geoseismic profile (above) and structural diagram of the tectonic domains of the Sinú – San Jacinto basin (above and lower left) and evolutionary model for 
the basin (lower right) according to Mantilla et al (2009).
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Figure 7. Geologic provinces of the Sinú – San Jacinto Basin. Cediel, (2011).

2.4 GEOLOGIC PROVINCES

2.4.1 SAN JACINTO FAULT BELT

The west of the San Jacinto Fault System and extends until the 
Sinú Lineament or Sinú Fault System, including a sedimentary sequence 
of deformed rocks of Late Cretaceous to recent age, which locally rest 
unconformably on gabbroic and basaltic rocks of oceanic affinity (figure 6). 

The main structural style in the San Jacinto Fault Belt is an 
imbricated fault system of NNE-SSW trend and NW hade, developed in 
a dextral transpressive environment, with many faults showing oblique 
displacement, that is part of an oblique accretionary prism formed against 
the South American continent between the Paleocene and the Oligocene 
(Flinch, 2003). 

It is considered a fault belt instead of a fold belt because the 
sedimentary sequence is mainly tilted between and partitioned by the 
closely spaced high angle faults, with the development of minor folds 
within the belt. 

2.4.2 SINÚ FOLD BELT 

Limited to the east by the Sinú Lineament and to the west by the 
South Caribbean Deformed Belt deformation front, the Sinú Fold Belt 
involves a very thick sedimentary sequence of Miocene to recent age, 
affected by mud diapirism, and shows many hydrocarbons seeps (figure 6). 

The fold belt has a thrust and fold belt structural style, with a NNE-
SSW trend in the offshore area and strong deformation from mud diapirs 
in the onshore area.

2.5 GRAVIMETRY AND MAGNETOMETRY

Carson Services (2006) carried out a study combining the gravimetric 
and magnetic data with the information of 2D seismic lines and the 
geological surface maps and well depths, in order to define the structural top 
of the pre-Tertiary basement (Cretaceous). For this reason, two approaches 
were undertaken. One of them considered the outcrops of the Cansona 
Formation as being part of the pre-Tertiary basement mentioned above; and 
in the second approach, those outcrops were considered as allochthonous 
blocks of igneous-metamorphic composition. The reason to analyze the 
basement top lies in the localization of areas where the Cenozoic sediments 
have their greatest thicknesses, and the development of depocenters and 
structural traps against the basement highs is more likely. For the analysis of 
the data, Carson Services (2006) took a 2.30 gr/cc value as Bouguer density, 
in the transformation of Air Anomaly to Bouguer Anomaly. In Image 42, 
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it is clear the direct relationship between the Bouguer Anomaly and the 
density contrast, (-0,25 gr/cc), and between the Cenozoic sequence and the 
basement, which according to Carson’s interpretation makes it possible to 
observe the following features (figure 8):

1. The positive gravimetric gradient in the northwestern area, directly 
related to the subduction of the Caribbean Plate below the South American Plate.

2. The area of the Romeral Fault (San Jacinto Fault System) 
represented in the Bouguer gradient with orientation N10-20E, separating 
the positive and negative anomalies.

3. The San Jacinto Fold Belt represented in the positive anomaly from 
the east of Cartagena to the border with Panamá, with maximum positive 
values corresponding to outcrops from the Cansona Formation.

4A. and 4B. Negative anomalies to the east of the area of the Romeral 
Fault (San Jacinto Fault System), corresponding to the San Jorge and Plato 
Sub-basins respectively of the Lower Magdalena Basin.

Figure 8. Bouguer anomaly map of northwestern Colombia with interpreted 
geologic provinces from Carson Services (2006).

Carson Services (2006) interprets the Bouguer residual map, 
where a complex distribution of positive and negative anomalies in 
the San Jacinto Fault Belt appears. The mathematical residues, both 
gravimetric and magnetic, define two big areas of negative anomalies: 
one of them, on the southwestern corner, is interpreted as the Sinú 
Basin; and the other one in the surroundings of Cartagena, as the 
Cartagena Sub-basin. 

The map of magnetic intensity reduced to the Pole IMTRP (figure 9), 
shows a direct relationship with the Bouguer anomaly, but with a much 
higher frequency content, where the positive anomalies correspond to 
the igneous-metamorphic units of the Cretaceous basement rocks that 
can be delineated as is shown in the image comprised in areas 1,2,3,6 
where the Romeral Fault area (San Jacinto Fault System) is delimited 
in area 2. It is also possible to recognize the southern part of the Sinú 
Fold Belt (area 4) and Cartagena Sub-basin (area 5). The thicknesses of 
the Cenozoic sequence were estimated between 5.500m to 6.000m in 
the Sinú Fold Belt and 2.500m to 3.000m in the Cartagena Sub-basin.

 

Figure 9. IMTRP map of northwestern Colombia (right) with interpreted 
basement features (left) from Carson Services (2006).
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2.6. GEOLOGICAL EVOLUTION

2.6.1 BASEMENT

The interaction between the Nazca and Caribbean oceanic plates 
with the South American continental plate probably started towards 
the end of the Triassic, with the onset of the Pangea breakup. In this 
manner, oceanic crust has been accreted several times and affected by 
plate border metamorphic and magmatic processes. At the same time, 
alternate subsidence and basin forming processes have been taking place 
with tectonic uplift and erosion processes in extensive areas, exposing the 
volcanic/metamorphic continental basement and crust basement that 
includes oceanic and continental basalts of intermediate composition 
and plate border origin. These tectonic uplift and erosion processes have 
obliterated the Late Triassic, Jurassic and Cretaceous rocks deposited 
during the episodes of tectonic subsidence. To the east of the Romeral 
Fault (San Jacinto Fault System) the oldest rocks in the region are present, 
corresponding to continental basement, which is mainly composed of 
metamorphic rocks considered as part of the South American western 
border, that were originally located close to the active plate boundary 
resulting from the oblique collision between the proto-Caribbean plate 
and the South American plate (Bermudez and Hincapié, 2008).

2.6.2 LATE CRETACEOUS

Since Early Aptian, the Caribbean plate was moving to the NE, which 
in Colombia generates an oblique collision at the western limit of the 
South American Plate. As a result of this, the Romeral Fault System (San 
Jacinto Fault System) is developed. This oblique collision generates dextral 
transpression-transtension and deformation partition. At the beginning 
of the Campanian, in the San Jacinto Fault Belt, probably oceanic crust 
from the Caribbean plate was accreted as a result of the oblique collision 
with northern South America. The Cansona Formation is deposited since 
Campanian to Maastrichtian times, being the first sedimentary unit in the 
area, in a shallow marine setting (Alfonso et al., 2009).  

2.6.3 PALEOCENE – EARLY EOCENE

As the Caribbean plate moves to the northeast  during the Early 
Paleocene, the northern part of South America becomes a passive margin 
(dextral transcurrent zone), and the subduction zone in the NW progressively 
moves towards the NE. In the Late Paleocene, the displacement vector 
of the Caribbean plate changes to the ENE, the dextral transpression 
continues in the western border of Colombia, the accretion of the Western 
Cordillera is started and, towards the northern border, the Lower Antilles 
paleo-arc drifts to the east, generating a dextral transcurrent boundary 
(Bermudez and Hincapié, 2008).

In a period of tectonic uplift marked in the San Jacinto area by a 
regressive sucession of the lower part San Cayetano Formation, fluvial 
conglomerates and coastal sandstones of beach and delta front origin, 
overlaid by a transgressive sequence of Early Eocene age composed of 
prodelta sandstones and mudstones of the upper part of the San Cayetano 
Formation are deposited.

2.6.4 MIDDLE EOCENE

In the Middle Eocene, the displacement vector of the Caribbean 
plate changes to the ESE (possibly due to the restraining of the North 
American plate). The movement of the Caribbean plate towards the east 
generates a zone with bow morphology, which in its northwestern part 
would be subject to dextral transpression (Bermudez and Hincapié, 2008). 
This configuration leads to the development of an accretionary wedge, 
creating a fold and thrust belt with NW vergence, and coeval transtension 
at the Romeral Fault (San Jacinto Fault System) (Flinch, 2003).

Probably, this change in the regional kinematics in addition to a 
relative sea level fall would be responsible for a regional unconformity 
in the Middle Eocene, over which was the Maco Formation, in fluvial to 
shallow marine environments was deposited.

2.6.5 LATE EOCENE –EARLY OLIGOCENE

In this period, a change to the east in the sense of movement of the 
Caribbean Plate occurs, which produces an increase in the transtension on 
the NW limit of Colombia, that could produce oblique faulting with dextral 
component, giving place to the Sinú Fault, and involving the sediments deposited 
since then in a new sedimentary prism that is active until the present, giving 
origin to the Sinú Basin (Bermudez and Hincapié, 2008, Flinch, 2003).

In general, the San Jacinto Fault Belt was tectonically quiet, and 
due to a relative sea level rise, a transgressive sequence of platform and 
prodelta marls, fossiliferous mudstones and biomicrites was deposited as 
the Maralú Formation. 

2.6.6 LATE OLIGOCENE

At the end of the Oligocene, a new uplifting pulse is developed in 
conjunction with a relative sea level fall, well recorded in the San Jacinto 
Fault Belt, generating intense erosion and obliterating the Maralú Formation 
in almost the entire western part of the basin, and folding the previously 
deposited sedimentary sequence (Bermudez and Hincapié, 2008).

This tectonic event is fossilized by the accumulation of a regressive sequence of 
the San Jacinto formation, which includes deltaic front and shallow marine deposits.
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Figure 10. Geological evolution model proposed by Flinch (2003) for the Sinú – San Jacinto Basin in a transpressional – transtensional setting between Paleocene and 
the Oligocene. This model is in general in good agreement with the stratigraphic evolution of the basin, and the possibility of accretion of continental and oceanic crust 
blocks as a result of the oblique collision of the Caribbean Plate along the South American northern margin. From Flinch, (2003).
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2.6.7 EARLY TO MIDDLE MIOCENE

During this period, a marine transgression towards the east deposits 
the shales of the Porquera Formation in depths ranging between 100 and 
200 meters. These Early to Middle Miocene strata shows a facies change 
towards the west and are coeval with the shales and biomicrites of the 
Carmen and Floresanto formations, which in general terms recorded a 
transgressive event identified in the whole basin (Bermudez and Hincapié, 
2008).

2.6.8 LATE MIOCENE

During Late Miocene, the Chocó block continues its drift to the NE 
generating more compression in the NW border of Colombia (and sinistral 
transpression to the south of the Sinú Basin), and it seems possible that 
during the time of the maximum collision rate of this block, the tectonic 
uplift that gave origin to the Late Miocene unconformity takes place as 
the result of the combination of strong orogenic pulses and a relative sea 
level fall. The deposition of coarse grained rocks (Cerrito Formation), to 
the east corresponds with upper shoreface deposits and to the west, with 
lower shoreface deposits, with minor beds of offshore shales (Bermudez 
and Hincapié, 2008). This is followed by regressive cycle in the Sinú Fold 
Belt area associated with uplift and erosion in the San Jacinto Fault Belt 
with inversion of an E and W vergent basement involved fault system.

2.6.9 PLIOCENE TO PRESENT

Since the Pliocene, sedimentary depocenters shifted toward the 
offshore. A major regression was responsible for a rapid facies change 
from coastal marine sediments to marginal marine and eventually, to 
continental sediments (Flinch, 2003). Widespread fluvial-alluvial deposition 
represented by the continental Corpa Formation took place in the Sinú 
Fold Belt, and uplifting and inversion took place close to the Romeral Fault 
(San Jacinto Fault System). 

Equally important in the Sinú Fold Belt, is the existence of mud 
diapirism that affects Pliocene and older rocks, indicating that part of its 
development took place, at least, since Late Pliocene to Pleistocene.







 3. STRUCTURAL STYLES
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3.1 SINÚ FOLD BELT

The Sinú Fold Belt (SFB) is located west of the Sinú Lineament, and it 
extends up to the Colombia Basin or Caribbean Basin, to the east, and up 
to the Urabá Fault System (Uramita Fault System) towards the southwest. 
With the data available so far, it may only be stated that the SFB comprises 
a very thick sequence of rocks with ages ranging from the late Oligocene - 
early Miocene to the Recent, since no older sequences have been neither 
or no offshore. However, the seismic data shows sedimentary reflectors 
below the drilled zones, which indicates that the Paleogene or even the 
Cretaceous could be present in the sedimentary sequence. Mud diapirs 
are widespread and well-developed in the Sinú Fold Belt Area.

In general, the Sinú Fold Belt can be separated in two major structural 
areas or provinces. One in which deformation associated with mud 
diapirism and compressive/extensional processes can be demonstrated 
which covers the onshore part of the SFB (Onshore Deformation Province) 
and the offshore shelf of the Colombian Caribbean (Offshore Deformation 
Province). The other province is the offshore thrust deformation front 
located to the west of the shelf break, known as the Sinú Deformation 
Front, in which diapirism is not a major deformation mechanism (see 
figure  6).

The Magdalena Fan deserves special mention because it laterally 
juxtaposes to the north of the basin with the Sinú Deformation Front and 
the Offshore Deformation Province, but lacks the structural deformation 
observed in either of these two areas. 

3.1.1  STRUCTURAL STYLE

In the onshore part of the SFB (Onshore Deformation Province), 
the structures are predominantly NNE-SSW-oriented, and in the southern 
part close to the Uramita Fault System the structural trends change, to a 
general N-S tendency. 

In general, the structural style of this area is consistent with 
the development of a sedimentary prism in the Neogene, evidencing 
partitioning of the basin by mud diapirs. This partitioning of the SFB 
depocenter gives place to the creation of the wide synclines and 
narrow anticlines in which the widespread presence of mud volcanoes 
and oil and gas seeps have been mapped (figure 11). The mud-cored 
anticlines are rimming the synclines and breaking up the sedimentary 
succession in mini-basins, similar to those created by salt-diapirism 
in other areas of the world such as the Gulf of Mexico (Armentrout, 
1999).

These mini-basins are oval-shaped at the surface (figure 11), and 
in the subsurface the development of slightly assymetrical sedimentary 
successions within the synclines can be observed, with the development 
of drag-folds and growth strata with progressive development of 
syndepositional unconformities at the flanks of the mud diapirs. Clear 
seismic evidence of sedimentary asymmetry and syndepositional 
unconformity development in the Pliocene succession can be observed in 
the figures 12, 13 and 14, indicating that mud diapirism could have taken 
place since at least that time in the Sinú Fold Belt.



41
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A

• SINÚ AND SAN JACINTO BASIN

Figure 11. Radar image of the Onshore Deformation Province of the Sinú Fold Belt, 
showing the widespread distribution of oil seeps (green rhombs), gas seeps (red 
rhombs) and undetermined seeps (yellow rhombs) with the margins of wide synclines 
rimmed by mud diapirs and volcanoes mapped at the surface (light blue areas).
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Figure 12a. Interpreted seismic line, (ANH-SS-2008-02) showing how the Sinú Fold Belt depocenter in the Onshore Deformation Province 
is compartmentalized in mini-basins by mud diapirs (in blue). Note the thickness variations in the Pliocene sequence and the drag folds to the 

margins of the diapirs as a result of vertical deformation by mud diapirism.

Figure 12b. Interpreted seismic line, (ANH-SS-2008-06) showing how the Sinú Fold Belt depocenter in the Onshore Deformation Province 
is compartmentalized in mini-basins by mud diapirs (in blue). Note the thickness variations in the Pliocene sequence and the drag folds to the 

margins of the diapirs as a result of vertical deformation by mud diapirism.
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Figure 13. Interpreted seismic line (ANH-SS-2008-02), showing how the Sinú Fold Belt depocenter in the Onshore Deformation Province is 
compartmentalized in mini-basins by mud diapirs (in blue). Note the thickness variations in the Pliocene sequence and the drag folds at the margins of 
the diapirs as a result of vertical deformation by mud diapirism.

Over the southern part of the basin, the presence of faults with 
sinistral movement and the deflection of the structures of the SFB 
are considered to be the product of the collision of the Chocó-Panamá 
Block, which generates sinistral transpression in the area (Bermudez and 
Hincapié, 2008).

At the offshore part of the SFB, from seismic and bathymetry data, 
the development of two main structural areas can be observed; one close 
to the coast in which there is widespread development of mud diapirs 
separating some assymetrical depocenters, creating slightly rough sea 
bottom topography; and another to the west in which the development of 
a NE-SW trend of imbricate folds formed by NW handing faults is observed 
known as the Sinú Deformation Front, which has an arcuate shape with its 
axial part just in front of the Gulf of Morrosquillo.

This deformation front has been considered an accretionary prism 
evidencing the shortening caused by the convergence (subduction) of the 
Caribbean plate beneath the South American Plate by several authors (ArbiToto 
and Kellogg, 1992; Flinch, 2003; Duncan and Hargraves, 1984; Pindell, 1991).

However, Moreno et al. (2009) show an alternative hypothesis for the 
development of this deformation front, not related to the Caribbean Plate 

subduction, but to the formation of deep water compressional folds in 
passive margins like the Gulf of Mexico and western Africa (Niger delta), 
in which the folding is developed by gravitational tectonics, associated 
with gravity sliding and gravity spreading mechanisms. The extension 
caused by these mechanisms in the proximal part is compensated by the 
development of thin-skinned compressional deformation in the distal 
down dip part, above regional detachment levels (Rowan, et al, 2004). 
These detachment levels correspond to ductile materials like salt or 
overpressured shales. 

According to Moreno et al. (2009), some seismic features observed 
in the figures favoured the model proposed. In the case of the seismic 
profile along the Magdalena Fan (figure 14), the lack of deformation 
observed in the seismic profile is evidence of the lack of long term 
deformation in the margin. The composite seismic profile in the Sinú 
Fold Belt (figure 15), shows the development of extensional assymetrical 
depocenters (similar to half grabens) in the upper part of the continental 
shelf, and the development of a toe-thrust system in the deep water part 
of the basin. Even on top of the toe-thrust system, the development of 
an infilling sedimentary succession which is barely deformed is observed 
indicating no recent structural deformation, something that should not 
be expected in a subduction setting. 
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Figure 14. Interpreted seismic section 
along the Magdalena fan showing 

almost negligible deformation in this 
offshore area of the Sinú Fold Belt. 

From Moreno et al. (2009).

Figure 15. Interpreted seismic 
section showing extensional 

features towards the continent in 
the Offshore Deformation Province 
and contractional features down to 
the basin at the Sinú Deformation 
Front. The upper two sections are 

close-up views of the area in the blue 
rectangle. From Moreno et al. (2009).
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An additional possible evidence of gravitational deformation is the 
more or less constant thickness of the sedimentary units along the seismic 
profiles over long distances, which suggests that the units were deposited 
before the deformation initiated something that is also unlikely in an active 
compressional setting associated with subduction, because of the active 
and continuos mechanism of deformation.

Moreno et al. (2009), consider that the detachment level for the 
deformation observed could be a thick sequence of Oligocene shale sediments.

In figure 16 taken from Wiener et al; (2010), a similar structural 
configuration can be observed in the Niger Delta associated with mobile 
shale deformation.

Figure 16. Regional cross section, 
central Niger Delta. Structural provinces 
are labeled. Numbers are approximate 
ages of the horizons in millions of years 
before present. This section shows 
structural features similar to those 
presented by Moreno et al.., (2009) in 
the offshore area of the Sinú Fold Belt. 
From Wiener et al., (2010).
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The following figures are examples of the deformation observed 
in the offshore part of the Sinú Fold Belt showing the development of a 

clear thrust belt of imbricated fault-propagation folds  (figure 17) in the 
Sinú Deformation Front.

Figure 17. Interpreted seismic line of the Sinú Deformation Front at the northern border of the Sinú Fold Belt. Modified from Landmark-Halliburton (2007).

Figures 18, 19 and 20 show the transition between the thrust 
belt developed in the Sinú Deformation Belt, and the folding in the 
Offshore Deformation Province, in which fault imbrication is not that 
well developed. Folding is less intense than in the Sinú Deformation 

Belt, with lateral folding being more spaced and the development 
of ample and symmetrical folds being observed. Additionally mud 
diapirism and extensional features like those presented by Moreno et 
al. (2009) are present.

Figure 18. Interpreted seismic line of the transition between the Offshore Deformation Province and the Sinú Deformation Front, to the north of the Gulf of 
Morrosquillo. Modified from Landmark-Halliburton (2007).
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Figure 19. Interpreted seismic line of the transition between the Offshore Deformation Province and the Sinú Deformation Front at the Gulf of Morrosquillo. Modified 
from Landmark-Halliburton (2007).

Figure 20. Interpreted seismic line of the transition between the Offshore Deformation Province and the Sinú Deformation Front to the south of the Gulf of 
Morrosquillo. Modified from Landmark-Halliburton (2007).

Figures 21 and 22 show the deformation observed at the 
Magdalena Fan and its transition with the Sinú Deformation Belt 
to the south. The lack of structural deformation in the Magdalena 
Fan, and the development of submarine channels in the fan and the 

transition area with the Sinú Deformation Front is clear from the 
seismic profiles indicating that there has not been recent tectonic 
activity to disturb the sedimentary succession deposited in this paleo-
fan of the Magdalena River. 
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Figure 21. Interpreted seismic line of the Magdalena Fan showing the development of submarine channels and the low structural deformation. Modified from 
Lendmark-Halliburton (2007).

Figure 22. Interpreted seismic line of the transition between the Magdalena Fan and the Sinú Deformation Front showing the development of submarine channels and 
the low structural deformation. Modified from Lendmark-Halliburton (2007).

The low deformation of the Magdalena Fan is one of the 
arguments presented by Moreno et al. (2009) to consider the possibility 
of passive margin deformation instead of active subduction, as has 
been proposed by several authors for the South Caribbean margin of 
Colombia.

Considering that well developed deltaic fans are better 
preserved in passive margins, like the Mississipi delta, the Nile delta 
or the Ganges delta, the good preservation and low deformation of 
the Magdalena fan, which is a major feature in the Caribbean margin 
of Colombia, is a thought provoking situation on the real behavior 
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of the boundary between the Caribbean Plate and the northwestern 
margin of South America.

3.2 SAN JACINTO FAULT BELT

The San Jacinto Fault Belt (SJFB) province is located to the west of the 
Lower Magdalena Valley Basin and to the east of the Sinú Fold Belt, being 
separated from this area by the Sinú Lineament (Sinú Fault System). It is 
characterized by having the oldest sedimentary rock outcrops in the area 
(Basement, Cansona and San Cayetano formations), as well as the units 
from the Neogene and Recent, which are intensely deformed in tight fault 
belts and reverse faults with dextral strike-slip components (Bermudez 
and Hincapié, 2008). 

The origin of the SJFB is associated with the accretion of terrains with 
an oceanic basement from the Caribbean Plate to South America (Andean 
Block of the South American Plate), which has generated a transpressive 
tectonic context, as early as the Paleocene (Flinch, 2003). As mentioned 
before, the presence of an oceanic basement under the sedimentary 
sequence of the SJFB is questionable, since it is observed that the first 
units deposited in the basin during Late Cretaceous and Paleocene times 
do not correspond to deep marine deposits, but to littoral and shelf facies, 
which indicates the denudation of a terrain close to the area of deposition. 
That source area could probably be located at the present position of the 
Lower Magdalena Valley Basin. 

As a result of the transpression along the northwestern margin 
of South America, three elevated areas, not higher than 700 meters, 
have developed in the San Jacinto Fault Belt, which correspond to the 
Luruaco Range in the north, the San Jacinto Range in  its central part 
and the San Jerónimo Range. These three ranges due to their structural 

complexity, are considered to be anticlinoriums see Figure 6 for their 
location.

3.2.1 LURUACO AND SAN JACINTO ANTICLINORIUMS

These structures present double-plunging folds, mainly NNE-SSW oriented 
and with an oblique disposition in relation to the faults, indicating their dextral 
component. In most of the cases, the rocks in the core of these structures 
are Cretaceous and Paleogene in age. The faults observed in the area are NW 
handing high angle and dextral strike-slip faults (Bermudez and Hincapié, 2008).

3.2.2 SAN JERÓNIMO ANTICLINORIUM

It is located between the Tucura Fault, to the west, the Romeral Fault 
System (San Jacinto Fault System), to the east, the San Jacinto Anticline, 
to the north, and the Western Cordillera, to the south. The Romeral 
Fault System is presumed to be fossilized by rocks from late Miocene 
– Pliocene age, thus there is no surface evidence of its trace along the 
area The stratigraphic units from the Lower Magdalena Valley cover here 
unconformably  the Paleogene sequence of the San Jacinto Fold Belt.

Dextral transpression is observed in the area, leading to the 
outcropping of oceanic basement sequences in the southern region of 
Córdoba (Planeta Rica Peridotites, Nuevo Paraiso basalts and Cerro Matoso 
ultramafic rocks, Londoño and Gonzalez, 1997). In the northern part of the 
anticlinorium, the folds and faults tend to be N-S oriented, whereas in the 
south they tend to be NNE and NE oriented. Regionally, it is observed that 
this anticlinorium plunges towards the north.

Examples of the structural deformation observed in the San Jacinto 
Fault Belt are shown in the following Figures.
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Figure 23. Interpreted seismic line crossing the northern plunge of the Luruaco Anticlinorium, showing the development of a syncline partitioned by opposite verging 
normal faults. Modified from Universidad de Caldas (2008).

Figure 24. Interpreted seismic line crossing the northern part of the San Jacinto Anticlinorium, showing the development of  folding caused by west hading reverse 
faults developed in a transpressive tectonic setting. Modified from Universidad de Caldas (2008).
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Figure 25. Interpreted seismic line crossing the southern part of the San Jacinto Anticlinorium, showing the development of  folding caused by closely spaced west 
and east hading reverse faults developed in a transpressive tectonic setting (positive flower structure). Modified from Universidad de Caldas (2008).





 4.  PETROLEUM GEOLOGY
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4.1 GEOCHEMICAL DATA

In order to determine the evolution, quality and  maturity of source 
rocks, as well as the origin of the crude oils in the area of the Sinú – San 
Jacinto Basin, Aguilera et al. (2010) made a compilation of geochemical 
information that includes Rock-Eval pyrolysis and TOC from ditch cutting 
and field samples, liquid and gas chromatography, biomarkers and carbon 
isotope data of the aromatic and saturate fractions of crudes and rock 
extracts.

4.1.1 CRUDE OIL CHARACTERIZATION

There are very few crude oils in the Sinú – San Jacinto Basin, and 
this precludes a better characterization of oil families, but from the small 
quantity of available data, some relationships that provide information on 
the origin (type of source rock), depositional environment, maturity and 
preservation of the oils found in the basin have been established (Aguilera 
et al., 2010).

API Gravity vs Sulfur Content

API gravity and sulfur content were cross-plotted (Figure 26) and 
its relationship helps to determine the origin and degree of preservation 
(quality) of the crude oil found in the basin.

In the few crude oils found in the basin there are oils with excellent 
quality characteristics, with API gravity values greater than 30° and low 
sulfur contents, below 0.15%. 

These high values of API gravity suggest a minimum degree of crude 
alteration by biodegradation, and conditions of probably and high thermal 
maturity.  There is good correlation between sulfur and API gravity, with 
low API gravity oils having higher sulfur content than high API gravity 
oils. This suggests that in the basin there are oils with different thermal 
maturities and/or preservation degrees (biodegradation).

Figure 26. Graph of API gravity vs %Sulfur of the crudes found in the Sinú – 
San Jacinto Basin. From Aguilera et al., (2010).

Oleanane Index vs Pristane/Phytane

The oleanane index is both an environment and an age indicator 
(Moldowan et al, 1994). This compound is originated from diverse 
compounds produced by angiosperms (Grantham at al., 1983; Ten 
Haven and Rullkötter, 1988; Whitehead, 1973). In the fossil record the 
angiosperm, plants appear at the end of the Paleozoic era (Martin et al., 
1989). Moldowan et al. (1994) have proposed that crudes with proportions 
of oleanane over 20% are diagnostic of Tertiary or younger source rocks, 
and values below that correspond with Cretaceous or older rocks. This is 
due to the change and increase in relative abundance of the angiosperms 
in nature.

The oleanane index is also an indicator of the depositional 
environment of the source rock because land plants produce this compound 
and its abundance reflects the degree of contribution of terrestrial organic 
matter. Therefore, high values of this index correspond with high input 
of terrestrial organic matter and low values with greater contribution of 
marine organic matter and lower input of terrestrial matter. 
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Pristane/Phytane (Pr/Ph) data in oils allow for distinguishing between 
fluviodeltaic source rocks (Pr/Ph > 3) and marine to lacustrine shales (Pr/
Ph 1-3). Therefore, a cross-plot of these parameters allows for deducing 
the depositional environment of the source rock of an oil (Hughes et al., 
1985).

Didyk et al. (1978), proposed (based on a model for the origin of 
pristane and phytane from phytol), that Pr/Ph <1 indicates anoxic source 
rock deposition, while Pr/Ph>1 indicates oxic deposition.

The Pristane/Phytane ratio is a lithology and redox indicator which is 
useful for determining source rocks characteristics when samples are not 
affected by high thermal maturity.

Figure 27. Oleanane index vs Pristane/Phytane. Modified from                 
Aguilera et al. (2010).

According to Figure 27, the few data available suggest the presence 
of at least two types of source rocks for the crudes found in the study area. 
A type associated with low values of oleanane index (<0.2) and a group 
with high values (>0.4). In the case of the low values these would possibly 
correspond with marine rocks deposited during Cretaceous or Paleogene 
time. In the case of the highest values, these suggest that the source rock 
had a greater contribution of terrestrial organic matter and possibly were 
deposited during the Neogene. 

Pristane/nC17 vs Phytane/nC18

This graph provides information on the oxicity and organic matter 
type (Peters et al, 1999), but additionally gives information on the thermal 
maturity and biodegradation of the crudes.

Lijmbach (1975) noticed that crude produced from rocks deposited 
in marine conditions presented pristane/nC17 values below 0.5, whereas 
those produced in terrestrial zones of marshes had values greater than 1.

Both the pristane/nC17 and the phytane/nC18 ratios, diminish with 
petroleum thermal maturity, and increase with biodegradation because 
aerobic bacteria attack the nalkanes before the isoprenoids.

Figure 28 shows a dispersion of the data indicating the possible 
existence of three oil families; one generated from rocks with high input 
of terrestrial organic matter (type III kerogen); a second family from rocks 
with high input of algal organic matter (type II kerogen); and a third family 
suggesting a possible mixing between oils from the other two families 
(mixed type II-III kerogen.
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Figure 28: Pristane/nC17 vs Phytane/nC18 from the Sinú - San Jacinto Basin.  
Modified from Aguilera et al. (2010)

Landmark-Halliburton (2007) shows evidence of the existence of two 
oil families according to the crude oil geochemical characterization of oils 
of the wells Floresanto-1, Perdices-1 and San Sebastián-1, defining two oil 
families with the following characteristics (Figures 29 to 34):

Family I includes the oil of the well San Sebastián-1. The more 
important compositional characteristics of these oils are (Figures 10, 11, 
12 and 13): Isotopes d13C of the saturates fraction = -28,8 ‰ and the 
aromatic fraction = -28,6 ‰, sulfur content 0.35%,  pristane/phytane 
ratio = 1.7, relatively low abundance of oleanane (oleanane index = 0.14), 
diasteranes (diasterane index < 0,4), and C29-norhopane [C29-norhopane/
(C29-norhopane+C30-hopane) < 0,11], and high abundance of tricyclic 
terpanes (tricyclic index = 2.3) and of C30 steranes compared to other oils. 
These data suggest that oils of this family have a marine origin, in an anoxic 
to suboxic environment, probably corresponding to calcareous mud of the 
Upper Cretaceous Cansona Formation (Landmark-Halliburton, 2007).

Family II, includes oils of the Floresanto-1 and Perdices-1 wells. The 
most important compositional characteristics are: the d13C of the saturates 
fraction in the ranges from -26,7 to -27,4 ‰ and the aromatic fraction 

from -25,9 to -26,8 ‰, sulfur content from 0.03 to 0.1, pristane/phytane 
values from 3 to 5, higher relative abundance of oleanane (oleanane index 
= 0.5 to 0.60), higher diasteranes content (diasteranes index = 0.4 to 0.6), 
C29, - norhopane [C29-norhopane/(C29-norhopano+C30-hopano] = 0.18 
to 0.22), lower abundance of tricyclic terpanes (tricyclic index = 0.8 to 1.5) 
and low abundance of C29 steranes compared to other oils. These results 
suggest that the Family II oils were generated from a source rock deposited 
in a marine deltaic environment, probably disaerobic with predominant 
terrigenous input. (Landmark-Halliburton, 2007).

Figure 29. Carbon isotopes of the aromatic and saturated fractions of the wells 
Floresanto-1, Perdices-1 and San Sebastián-1. From Landmark -Halliburton 

(2007).

Figure 30. Depositional environments from the Hopanes/Steranes versus 
Oleanane Index. From Landmark- Halliburton (2007).
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Figure 31. Oil biodegradation based in the C29 Norhopane ratio versus carbon 
isotopes of the saturated fraction. From Landmark-Halliburton (2007).

Figure 32. Source rock depositional environment from C30 steranes versus 
Oleanane Index. From Landmark-Halliburton (2007).

4.2 BIODEGRADATION

The gas chromatography data of the oils from the San 
Sebastián-1 and Perdices-1 wells indicate the partial or total 
absence of n-alkanes, indicating biodegradation processes by 
bacteria possibly transported to the reservoir by meteoric waters 
(Landmark-Halliburton, 2007). 

As a result of the biodegradation, there are variations in the 
total composition, like a reduction of n-alkanes in the saturated 
fraction, API gravity and an increase of sulfur content that alters the 
quality of oils.

The oils affected by biodegradation are heavier compared with 
non-altered oils. In the case of the oil of the San Sebastián-1 well, 
it presents high values of parameters related to biodegradation 
compared to the Floresanto and Perdices oils (lower gravity API and 
low n-alkanes content, and higher % sulfur) (Landmark -Halliburton, 
2007).

4.3 MATURITY OF THE SOURCE ROCK

There are few wells with vitrinite reflectance (%Ro) data in the Sinú – 
San Jacinto Basin; however, some conclusions on the thermal maturity of 
the basin can be drawn. Figure 34 shows the maturity trends from samples 
of wells drilled in the onshore part of the basin. This data indicate that 
most of the sedimentary sequence in these wells is immature or close to 
early maturity in the San Jacinto Fault Belt, the area in which most of the 
wells are located.

Figure 35 shows the maturity trends from wells drilled in the offshore 
part of the basin, indicating that there are rocks in this part of the basin 
within the oil generation window, ranging from early to late generation 
stages, and that the maturity trends are very variable with wells reaching 
oil generation conditions at shallow depths (San Bernardo-2X) and other 
wells like San Diego-1 and Uvero-1AX entering the generation window at 
depths below 8000 feet, and deep wells that have not reached thermal 
maturity conditions below 8000 feet.

The structural deformation and mud diapirism probably affects in 
different ways, the maturation trends in the basin, which are one of the 
less understood issues in this basin.
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Figure 33. Thermal maturity trends from vitrinite reflectance (%Ro) drilled in 
the onshore part of the Sinú – San Jacinto Basin (Chinu - 1, Guamo - 1, Manati 
- 1, Molinero - 1, Molinero - 2, Porquera - 1, San Andres A - 1,  Santa Rita - 1, 

Tolu - 1) From Aguilera et al. (2010).

Figure 34. Thermal maturity trends from vitrinite reflectance (%Ro) drilled in 
the onshore part of the Sinú – San Jacinto Basin (Cartagena - 1, Cartagena - 2, 

Fuerte - 1, San Bernardo - 2X, San Diego - 1, Uvero - 1AX) From Aguilera et al. 
(2010).
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4.3.1 REGIONAL DISTRIBUTION OF THERMAL MATURITY

Due to the low amount of wells with maturity data in the basin, 
the data available are too limited to generate reliable maps of thermal 
maturity. This availability is very critical especially in the San Jacinto Fault 
Belt.

Figure 35 shows the maturity map (Tmax) of the Maralú Formation. 
As mentioned before the data are few and indicate a tendency of increasing 
source rock maturity towards the west, which seems logical considering that 
due to the transpression, the deformation of the San Jacinto Fold Belt has 
occurred from East to West (Universidad de Caldas, 2008). Nevertheless, 
the data are too few to assure reliability of this trend.

Figure 35. Tmax maturity map of the Maralú Formation. From University of 
Caldas (2008).

4.4 SOURCE ROCK QUALITY

The Oxygen Index vs Hydrogen Index diagram (Van Krevelen 
diagram) shows that onshore rock samples from the Paleocene Arroyo 
Seco Formation have type II oil-prone kerogen. For the rest of the Cenozoic 
units (San Cayetano, Toluviejo, Chengue, El Floral, Luruaco, Ciénaga de Oro 
and Sincelejo formations), their samples are indicative of type III gas-prone 
kerogen to type IV kerogen (Figure 36) (Aguilera et al., 2010).

Figure 36. Oxygen Index vs Hydrogen Index diagram (Van Krevelen 
diagram) of samples from the onshore part of the Sinú – San Jacinto Basin. From 
Aguilera et al. (2010).

The Tmax maturity parameter vs Hydrogen Index graph shows that 
the samples from the Cenozoic units mentioned, have reached early 
maturity to peak oil generation conditions in the basin (Figure 37) (Aguilera 
et al., 2010). The thermal maturity obtained from pyrolysis Rock-Eval is 
similar to that obtained from vitrinite reflectance data.
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Figure 37. Tmax vs Hydrogen Index of samples from the onshore part of the 
Sinú – San Jacinto Basin (Arroyo Seco Fm, Chengue Fm, Cienaga de Oro Fm, El 

Floral Fm, Luruaco Fm, San Cayetano Fm, Sincelejo Fm, Tolu Viejo Fm) From 
Aguilera et al. (2010).

The presence of a source rock with type II kerogen (Arroyo Seco 
Formation) in the basin as shown by the pyrolysis data, suggests that the 
many oil seeps reported in the basin could have origin, at least in part from 
this formation.

The same graphs for samples of the offshore part of the basin shows 
that the rock samples have type III to type IV kerogen with Hydrogen Index 

values well below 200 mg HC/g TOC, indicative of a poor source rock for 
liquid hydrocarbons (Figure 38). The Tmax vs Hydrogen Index graph shows 
that many samples have reached oil generation conditions in this part of 
the basin (Figure 40). The Tmax maturity of these samples could cause 
kerogen depletion indicated by the low Hydrogen Index and S2 values of 
some sample.

Figure 38. Oxygen Index vs Hydrogen Index diagram (Van Krevelen diagram) of 
samples from the offshore part of the Sinú – San Jacinto Basin. From Aguilera et 
al. (2010).
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Figure 39. Tmax vs Hydrogen Index of samples from the onshore part of the 
Sinú – San Jacinto Basin. From Aguilera et al. (2010).

4.5 ORGANIC MATTER CONTENT (TOC)

At the onshore area of the Sinú – San Jacinto Basin, the organic matter 
content (%TOC) and S2 peak values indicate source rock oil generation 
potential. Figure 40 shows that there are samples from the Paleocene 
Arroyo Seco Formation with good to excellent oil generation potential (S2 
up to 50 mg HC/g rock and % TOC up to 9). There are samples with good to 
very good %TOC but poor S2 values in the Chengue, Toluviejo and Ciénaga 
de Oro formations, which suggest that the labile portion of the kerogen is 
poor for generating liquid hydrocarbons (Aguilera et al., 2010). Figure 40. Organic matter content (%TOC) vs S2 Peak from pyrolysis Rock-

Eval from onshore samples of the Sinú - San Jacinto Basin (Arroyo Seco Fm, 
Chengue Fm, Cienaga de Oro Fm, El Floral Fm, Luruaco Fm, San Cayetano Fm, 
Sincelejo Fm, Tolu Viejo Fm) From Aguilera et al (2010).
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Figure 41. Organic matter content (%TOC) vs S2 Peak from pyrolysis 
Rock-Eval from offshore samples of the Sinú - San Jacinto Basin.                            

From Aguilera et al (2010).

For the offshore part of the basin, figure 41 shows that the samples 
from potential source rocks have poor oil generation potential (S2 < 2.5 mg 
HC/g rock and %TOC < 2) (Aguilera et al., 2010). So far, the main concern 
in the offshore is the quality of the source rocks because no good quality 
source for liquid hydrocarbons has been found. The pyrolysis samples 
suggest the existence of gas-prone source rocks.

The few well data available only allow for generating TOC distribution 
map (figure 42) for the Maralú Formation (Universidad de Caldas, 2008). 
These maps show a general trend of organic matter content (TOC) increasing 
towards the west. Nevertheless, there are very few data to confirm how 
reliable this TOC tendency is.

Figure 42. TOC map of the Maralú Formation.                                                
From University of Caldas (2008)

4.6 GEOCHEMICAL CHARACTERIZATION OF GASES

Landmark-Halliburton (2007) compiled the analyses of mud volcano 
gas samples taken in the basin and distinguishes two independent families. 
The studied gases show an abundance of C2+ that goes from 0,03 to 32,3%.

The source rocks with early maturation (values of vitrinite reflectance 
[Ro%] from 0.5 to 0.65%) generated thermogenic associated gases. The 
gases of the La Lorenza, Lorica Quarry, Arboletes and Morrosquillo  mud 
volcanoes are thermogenic, extremely dry (with presence of C2+ < 0,6 and 
methane presence > 99.4%), and are classified as overmature gases. The 
gases of San Salvador-El Camino exhibit the same isotopic proportion of 
methane (- 42.53 ‰) as the gases classified at the same area as overmature, 
although with more humidity, which does not fit, possibly because of 
sampling errors (Landmark-Halliburton, 2007).

The gas samples of the mud volcanoes at Arboletes, La Lorenza, 
Morrosquillo, and Lorica quarry are characterized as being overmature 
because of their extremely dry gas compositions and high C1/C3 
ratios, which suggest they have undergone severe thermal alteration 
and were generated in the methane gas zone (Landmark-Halliburton, 
2007).

Regarding prospectivity, having multiple formations with 
generation potential for oil and gas also creates many opportunities 
at different stratigraphic levels and the presence of mudstones sealing 
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multiple structures locally and regionally increases the chances of 
finding commercial accumulations in the area. 

The geochemical information indicates that not only the Late 
Cretaceous Cansona Formation, but also the Paleocene Arroyo Seco 
Formation can generate liquid hydrocarbons, whilst Neogene stratigraphic 
sequence is gas prone. 

The presence of multiple oil and gas seeps at  surface (figure 43), 
indicates the existence of an active petroleum system in the Sinú – San 
Jacinto Basin, but the lack of geochemical information from these seeps 
precludes determining which of the potential source rocks is actively 
generating hydrocarbons in the basin. 

Figure 43. Seeps location in the Sinú – San Jacinto Basin. 
Onshore basin outline in black. Yellow rhombs – undetermined 
seeps, green rhombs – oil seeps, red rhombs – gas seeps.





5. PROSPECTIVITY 
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5.1 GEOCHEMICAL EVIDENCE FOR PETROLEUM SYSTEMS (CRUDE – 
ROCK CORRELATIONS)

 Aguilera et al. (2010) correlate geochemical parameters from crude 
oils and rock extracts from potential source rocks in the Sinú – San Jacinto 
Basin, and the main conclusions from these correlations are:

- The Pristane/Phytane vs Oleanane/C30 Hopane (Oleanane Index) 
graph shows that oils from the San Sebastián-3, San Sebastián-2 and Río 
Sinú-4 wells have low oleanane index values (<0.2) and Pr/Ph values (<2), 
and correlate well with rock extracts from the Arroyo Seco- Toluviejo and 
El Floral formations, suggesting that one or several of these units are 
the sources for the hydrocarbons found in those wells. The oil from the 
San Sebastián-1 well has higher Pr/Ph value (>4) and seems to correlate 
well with rock extracts from the Arroyo Seco Formation  (Figure 44). 
 

Figure 44. Pristane/Phytane vs Oleanane/C30Hopane crude-rock correlation. 
From Aguilera et al., (2010).

- The Phytane/nC18 vs Pristane/nC17 graph shows good correlation 
between the crude oils found in the San Sebastián-1, San Sebastián-3, 
Perdices-10 and Floresanto-6 wells, with rock extracts from samples of 
the Arroyo Seco, Ciénaga de Oro, El Floral and Toluviejo formations. This 
indicates that the oils have their origin in terrestrial organic matter and to 
a minor extent, from mixed kerogen (type II-III), but additionally that the 
crudes and rocks have similar thermal maturities (Figure 45).

Figure 45. Phytane/nC18 vs Pristane/nC17 crude-rock correlation. From 
Aguilera et al. (2010).

- The steranes ternary plot shows a good correlation of crude oil from 
the Perdices-1 well with rock extracts from the El Floral formation, and 
that these rocks were deposited in an estuarine to lacustrine environment 
(Figure 46).

Figure 46. Steranes ternary plot for correlation of crude and rock extracts in the 
Sinú – San Jacinto Basin. From Aguilera et al. (2010).
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Some crude oils correlate with the low oleanane extracts of the 
Tertiary formations, suggesting that these units could be the sources for 
those oils, particularly those with Pristane/Phytane < 2 (Arroyo Seco and 
El Floral formations) (Aguilera et al., 2010). 

From the existing information in the basin, some hypothetical 
petroleum systems sensu Magoon and Dow (1994) can be postulated: 
Arroyo Seco (.), Arroyo Seco –Chengue (.), Arroyo Seco – Toluviejo (.), 
Arroyo Seco – Ciénaga de Oro (.), Toluviejo (.), Toluviejo – Chengue (.), 
Toluviejo – Ciénaga de Oro (.), Ciénaga de Oro (.) (Aguilera et al., 2010).

5.2 SAN JACINTO FAULT BELT

5.2.1 PETROLEUM SYSTEMS ELEMENTS 

The main reservoir rocks are Cenozoic sandstones of marine-deltaic 
origin from the San Jacinto, Maco and San Cayetano Formations. Locally, 
the fractured limestones of La Risa and Toluviejo Formations may represent 
additional reservoirs. Petrophysical data from Universidad de Caldas 
(2008) indicate that these reservoirs have an average effective porosity 
between 6% and 20%. These reservoirs are separated by thick sequences 
of Cenozoic marine lutites of the Maralú, Chengue and Carmen Formations, 
which according to the geochemical data, can act both as source rocks and 
as seals for the reservoirs and their accumulations. Maturity data indicate 
that the lutites of the Maralú and Carmen Formations could be in the 
generation and expulsion window in depocenters situated west of the San 
Jacinto Fault Belt. Considering that underlying the whole sequence we find 
the Cansona Formation, which is of Cretaceous age and is mainly made up 
of marine lutites, this unit could also be generating hydrocarbons in those 
depocenters. 

However, as it was mentioned before, it is necessary to collect more 
geochemical data from this part of the basin in order to corroborate 
the trends indicated by the existing information. It is this deficit of 
geochemical information that has not allowed to evaluate in further detail 
the hydrocarbon generation, which is best evidenced by the presence of 
multiple seeps. The poor seismic and well coverage also does not allow, to 
better evaluate the way these hydrocarbons might have migrated to the 

area. In any case, it is important to consider that according to the seismic 
and surface geology information, this zone presents great structural 
complexity revealed by abundant folds and faults that seem to control the 
distribution of the seeps, which leads to thinking of a local development 
of kitchens and traps, which charge through migration pathways of short 
lateral length, where the faults are the best channels for the vertical 
displacement of the hydrocarbons.

5.2.2 TYPES OF PLAYS

In the SJFB basin, some exploratory opportunities have been 
identified, which may be summarized as follows (figure 47):

• Compressive folds related to the Romeral Fault System (San Jacinto 
Fault System).

• Fault truncation and juxtaposition of the reservoirs and seals, as a 
consequence of faults associated with compressive episodes.

• Local channels in incised valleys.

As observed, the different plays reflect the structural complexity of 
the area, which makes it necessary to acquire more geological, geophysical, 
geochemical and biostratigraphic information in order to obtain a better 
understanding of the dynamics of the petroleum systems.

One major concern is the maturity of the source rocks in the San 
Jacinto Fault Belt, because although there are several oil and gas seeps 
reported in the area, the existing maturity data from oil exploration wells 
and the results obtained from pyrolysis data of slim holes samples taken at 
the San Jacinto Fault Belt are mostly immature. They evidence the cooling 
effect caused by the uplifting and erosion of the sedimentary sequence, 
being one of the main concerns for prospectivity in this part of the basin.

Much more data need to be gathered at the San Jacinto Fault 
Belt to establish the generation conditions that have given place to the 
seeps found in the basin and to determine the location of potential 
generation pods.
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Figure 47. Types of plays in the Sand Jacinto Fault Belt.

5.3 SINÚ FOLD BELT

5.3.1 PETROLEUM SYSTEMS ELEMENTS 

The main reservoir rocks are the Cenozoic sandstones of marine 
deltaic origin of the Pajuil Formation, Floresanto Formation, Pavo 
Formation and Maco Formation. Locally, the fractured limestones of the 
La Risa Formation may constitute potential additional reservoirs.

ICP-GOX (2001), carried out a post-drilling compilation and evaluation 
study in 140 wells in the Lower Magdalena Valley (LMV) and the Sinú – 
San Jacinto Basins. From this study, 12 wells were selected in order to 
perform petrophysical evaluations in the area of the study. The analysis 
of the formations which are potential reservoirs in the area indicates the 
following petrophysical results:

• The porosity of the San Cayetano Formation can reach values up to 
15% in zones with low cementation. 

• The porosity of the Toluviejo Limestones (known in the area as the 
Molinero Limestones), reaching values up to 18%. 

• The Ciénaga de Oro/Pavo Formation presents low porosities as a 
result of the calcareous cementation. When cementation is not as 
extensive, porosity can reach values up to 6%. 

• The Floresanto Formation presents primary and secondary porosity 
by fracturing and/or dissolution of unstable minerals, reaching 
porosity values up to 10%. Permeabilities are good in the fractured 
rocks and regular in the sandstones with inter and intraparticle 
porosity.

• The Pajuil Formation presents moderate to excellent porosity in 
some areas, reaching values up to 19%. The samples with the 
best porosities also have the best permeabilities, approximately 
1000 mD.

• The porosity of the Corpa Formation is rather low due to the 
presence of clay minerals and the extensive calcareous cementation. 
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Only towards the Sinú Fold Belt, dissolution apparently increases 
porosity, up to 5%.

Such reservoirs are separated by thick sequences of marine lutites 
of the Maralú and Floresanto formations, which may act as source rocks 
and seals for the reservoirs and their accumulations. Underlying the whole 
sequence, the existence of the Cansona Formation is presumed, which is of 
late Cretaceous age and  mainly constituted by marine lutites, as another 
potential source rock, although there is no geological information available 
(from wells or surface) to confirm its presence in the area. The existence 
of an active petroleum system is evidenced by the presence of multiple 
seeps. This area has a high structural complexity, reflected in abundant 
folds and faults that reveal the significant deformation undergone by the 
sedimentary cover as a result of mud diapirism. 

5.3.2 TYPES OF PLAYS

For the onshore part of the Sinú Fold Belt, the following types of 
plays can be considered (Figure 48):

• Folds associated with earlydoming stages of the formation of 
diapirs which do not completely break the sequence. A favorable 
aspect of these kinds of folds is that, according to the extent of 
the folds associated with mud diapirs from surface geology; they 
could be laterally extensive, ranging in length from 5km to 20 km 
approximately.

• Folding and truncation of the reservoirs against the diapirs (drag 
folds), which considering the lateral extension from surface geology 
of the mud diapir systems could create structures of considerable 
extent within the synclines (mini-basins).

• Truncation of reservoirs and sealing by syndepositional 
unconformities on the flanks and within the synclines, caused by 
the deformation associated with the vertical movement of the mud 
diapirs.

• Folding associated with faulting (fault propagation folds).

• Although seismic imaging is not good enough to establish the 
presence of a sedimentary sequence below the possibility of a Sub 
overpressured shale- play cannot be discarded.
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Figure 48. Type of plays in the onshore part of the Sinú Fold Belt.
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In the offshore part of the Sinú Fold Belt, additional to the 
opportunities already mentioned in the onshore part, which also extends 
to the Offshore Deformation Province, there is the development of the 
imbricated fan of the Sinú Deformation Front (Figure 49). However, there 

are important uncertainties as to the kind and extension of the reservoirs, 
the timing of deformation and the source rock maturity and kerogen type 
because of the poor geological and biostratigraphical control from the few 
wells drilled in the offshore area of the basin (13 wells only).

Figure 49. Type of plays in the offshore part of the Sinú Fold Belt.

5.4 SOME COMMENTS ON THE EXPLORATORY PARADIGMS OF THE 
SINÚ FOLD BELT

The location of the exploration wells in the Sinú Fold Belt has been 
related to surface anticlines in which the mud diapirs are cropping out, and 
oil and gas seeps associated with them are found. The exploratory results 
of many if not all of the wells drilled in the area close to the seeps location 
have been unsuccessful in most cases; the only wells that have reported 
some production have been the San Sebastián and Floresanto wells, but 
not at commercial rates, although the Floresanto well history indicates 
that the Floresanto-1 well produced at rates close to 150 barrels of  28° 
to 35° API gravity oil, but that production was not stable and was finally 
abandoned more than 20 years ago. The other wells drilled in the structure 
were also unsuccessful in either finding oil or having constant productions.

That leads to one of the exploration paradigms of the basin, 
regarding the lack of good reservoirs in the area because most of the well 
logs and descriptions indicate fine-grained rocks. But apparently, none of 
the companies previously working in the basin realized that the reason to 
find mud diapirs related to the surface anticline was that the mud cores of 
the structures causes the deformation by vertical movement, creating the 
anticlines at the surface, and the breaching of the sedimentary sequence, 

gives place to closely spaced faults through which the mud flows, creating 
the volcanoes observed at the surface.

So, the most reasonable option was to find mud and a mud response 
in the well logs, as the wells did, because they drilled structures formed by 
the mud diapirs, failing to reach potential reservoirs because the core of 
the structure was filled with mud. That is also observed in several seismic 
sections, in which it is clear how the diapirs cropping out at the surface 
are breaking the continuity of the sedimentary sequence, and even create 
drag folds to its flanks.

But the slim holes results (Universidad de Caldas – ANH, 2009), 
which drilled rocks covering the sedimentary sequence from Paleocene to 
Recent, show that there are good potential reservoirs in almost the whole 
sedimentary sequence, so it is highly questionable if the reservoir-lean 
statigraphy found in the exploration wells is representative for the area of 
the Sinú Basin at all. 

Another factor that has supported this paradigm is the apparent 
sedimentation of most of the sedimentary sequence in a deep sea turbiditic 
environment. However, there is no agreement on this because recent 
studies based on the facies associations and macro and microfossils have 
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presented evidences of environments ranging from coastal to shelf for 
most of the units deposited in the basin (Alfonso et al., 2009, Universidad 
de Caldas – ANH, 2009, and Juliao et al., 2011).

Another paradigm in the basin is that if the potential source rocks 
of Cenozoic age, based on ditch cutting samples, are indicative of type III 
kerogen and as there are so many oil seeps in the area, the only source 
rock that could produce liquid hydrocarbons should be relicts of the 
Cretaceous Cansona Formation.  This affirmation is refuted by the fact 
that the crude oil analysis shown by Landmark-Halliburton (2007) for the 
Floresanto-1, Perdíces-1 and San Sebastián-1 wells indicate that the first 
two have high values of oleanane, a biomarker used as source input and 
age marker because it is the formed from angiosperms, which indicate 
terrestrial organic matter origin, but also, in higher concentrations a 
Tertiary origin (Moldowan et al, 1994). Keeping this in mind, these oils could 
be more representative of a Tertiary than a Cretaceous source rock, but 
additional evidence on this subject came from the slim hole drilling results 
(Universidad de Caldas – ANH, 2009), that have been mentioned before, 
which prove the existence of a potential source rock in the Paleocene 
(Arroyo Seco Formation), that has not only type III but also type II kerogen 
samples, and the potential to generate not only gas but crude oil. 

A final issue in the basin is the role of the mud diapers; are they 
acting like as seals or as migration pathways? The answer to this question 
is not easy, but considering some facts can give an idea of their behavior.

First, the active oil seeps are found mostly associated with mud 
volcanoes, but in most of the seeps there is only oil staining of the mud. No 
great flows were observed, even if the oil seep was associated with a gas 
seep with intense bubbling. What this might indicate is that no significant 
amounts of oil have been moving vertically with the mud, and that the 
mud is not facilitating the oil seeping, at least not in great quantities.

Second, episodes of gas bursting in the mud volcanoes are well 
documented, which are tourist attractions in the area. This also implies 
that seeping is not a continuous process and it is probable that oil and gas 
seep only when a critical mass is reached at depth that could break the 
resistance of the mud is like an air bubble in a viscous liquid. 

Such behavior is similar to what mud drilling does in a well. This 
fluid is not only supposed to lubricate but also to contain any inflow to 
the wellbore and, additionally, to maintain the borehole integrity without 
avoiding gas and oil shows. 

Considering that surface geology and radar imagery clearly show 
that most of the Sinú Fold Belt is covered by mud diapirs/volcanoes at 
surface, it is clear that the closure of the drag folds observed in the seismic 

are against the diapir. The rim created by the diapir should be laterally 
continuous within the syncline, creating big prospective structures.

Another important factor to keep in mind is that previous exploratory 
paradigms at the basin were related to poor quality of reservoirs because 
of a deep marine turbiditic environment interpreted for some of the units 
at the area. However, the slim holes coring data support the existence of 
proximal coastal to shelf marine environments that are also supported by 
the oil characterization, indicative of source rocks in the area deposited 
in fluvio-deltaic to marine environments under suboxic to oxic conditions 
with a high input of terrestrial organic matter (as the oleanane values 
indicate), which also implies that the shoreline should not be far from the 
areaof deposition. 

Keeping all this in mind, it is possible that the mud diapirs generate 
multiple opportunities that need to be addressed with future exploratory 
efforts, and that conditions for successful exploration exist in the basin.







6. WORLDWIDE
EXPLORATION ANALOGS
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It is hard to find exploration analogs for basins in which mud 
diapirism is an active process because most of the basins in which 
mud diapirs occur are unexplored or the exploratory success has 
been low compared to other type of basins. Additionally, most 
of them are located in offshore areas, which present special 
challenges for hydrocarbons exploration.

This is an additional fact because the Sinú Fold Belt has active 
diapirism onshore to the south and offshore, and there are few 
areas in which mud diapirs are present in onshore and offshore 

settings. However, some areas that contain some features similar 
to those observed in the Sinú Fold Belt and in which important 
exploratory success has been reached are presented as possible 
analogs.

6.1 DISTRIBUTION OF SHALE DIAPIR BASINS IN THE WORLD

Weimer and Slatt (2007) present a map showing the global 
distribution of what they called mobile substrate basins, in which 
shale and salt diapirs are developed (Figure 50).

Figure 50. Map showing the global distribution of deepwater basins with mobile substrates: salt (orange), and shale (red). Basins with mobile salts substrates (and 
ages of autochthonous salt) include: (1) eastern Canada (Upper Triassic), (2) northern Gulf of Mexico (middle Jurasssic), (3) southern Gulf of Mexico (Middle 

Jurassic), (4) Sergipe-Alagoas (Aptian), (5) Bahia Sul (Cumuruxatiba, Jequitinhonha, Camamu-Almada; Aptian), (6) Espírito Santo (Aptian), (7) Campos (Aptian), 
(8) Santos ( Aptian), (9) Benguela/Namibe (Aptian), (10) Kwanza (Aptian),(11) Lower Congo (Aptian), (12) Gabon (Aptian), (13) Rio Muni (Kribi/Campo and 

Corisco subbasins) (Aptian), (14) Senegal/Guinea Bisseau (Upper Triassic), (15) Mauritania (Upper Triassic), (16) Morocco (Upper Triassic), (17) Ebro (Messinian), 
(18) eastern Mediterranean Sea (Messinian), (19) Somalia (Early Jurassic), and (20) Majunga Basin (Early Jurassic), Basins with mobile shale substrates Include: (A) 
Mackenzie Delta (northwestern Canada), (B) Mexican Ridges, western Gulf of Mexico, (C) Guayaquil (offshore Peru), (D) offshore Colombia, (E) Columbus Basin, 

offshore east of Trinidad, (F) Foz de Amazonas, (G) Barreirnhas, (H) Ceara (Piaui- Camocim), (I) Pelotas, (J) offshore Nigeria, (K) Alboran margin, (L) offshore Nile, 
(M) Zambezi cone, (N) Indus, (O) Krishna Godavari, (P) northwest Borneo, (Q) Tarakan, and (R) Salawati.. From Weimer and Slatt, 2007.
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This map shows that there is a widespread distribution of basins in 
which mud (shale) diapirism is an active process in basin evolution. Most 
of the areas are essentially offshore and deepwater environments in active 
and passive continental margins.

6.1.1 OFFSHORE NIGERIA 

Nigeria’s continental slope is characterized by three broad tectonic 
zones (Figure 51). (1) The present outer shelf and upper slope region 
consists of a series of regional growth faults and counterregional faults. 
The counterregional faults were more important in the overall evolution 
of the margin, with the development of the normal faults being a fairly 
late phenomenon. (2) Basinward, a transition zone, shows numerous shale 

diapirs. This zone is thick (as much as 5–7 km) with chaotic to clear seismic 
reflections that are bounded by horizontal to steeply dipping reflections. 
Diapirs tend to be elongated from subparallel to subperpendicular to the 
margin. Faults tend to be fairly small in this zone. (3) Further offshore, 
the fold-and-thrust zones form of the gravity spreading belt (Weimer and 
Slatt, 2007).  

Offshore of Nigeria, several deepwater fields have been discovered 
during the past decade (Ehra, Bonga, Aparo, Bol, Ikija, Agbami, Bilah, 
Sehki, N’Golo, Bolia, Chota, Ebitemi, and Akpo) (Figure 53). Discoveries 
are associated with reservoirs in a variety of traps. For example, the 
Bonga field consists of channelized reservoirs drapped on the flank of a 
shale diapir (figure 84) (Weimer and Slatt, 2007).

Figure 51. Map showing the main structural 
provinces and discoveries offshore Nigeria. 
From Weimer and Slatt, 2007.
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Figure 52. Seismic profile across the Bonga Field, offshore Nigeria. From Weimer and Slatt, 2007.

6.1.2 OFFSHORE BRUNEI

The structures along the margins of Brunei and Sabah consist of 
growth faults onshore and on the shelf, which change to major thrust-
related shale ridges and transpression in the upper slope and then to 
thrust faults further down the slope. The shale ridges, which may be 
tightly folded anticlines, are elongate features, as much as 35 km in length 
and 2–5 km in width, very similar to what is observed in the Sinú Area. 
They decrease in height basinward. These shale ridges have developed 

in association with extensive sediment loading by the Champion and 
precursor deltas. An additional complexity with the shale ridges is the 
overprint of strike-slip faults (Weimer and Slatt, 2007).

Deepwater discoveries in Brunei include the lower Pliocene 
Merpati and Meragi gas and condensate that are trapped on three-
way closures against a shale ridge (Figure 53) (Demyttenaere et al., 
2000). Such structural features are the main type of traps mapped in 
the Sinú Area.
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Figure 53. Seismic section across the Brunei margin, showing the structural style of the Merpati Field, very similar to that observed at the Sinú Area.  From Weimer 
and Slatt, 2007.

6.1.3 GULF OF MEXICO

Although the main deformation and production in the Gulf of 
Mexico is related to salt-diapirs, and although areas in which mud-
diapirs predominate have not been extensively explored, especially 
on  the western margin of the Gulf  near  the Mexican border, this 
has been proposed as a frontier area for future exploration efforts 
(Guzmán and Márquez-Domínguez, 2001) because of the many folds 
and minibasins formed in that area, with similar geometries to those 
observed at the salt-dominated province to the east.

Figure 54 shows extensive development of tight folds 
cored by mud diapirs, breaking the stratigraphic continuity of 
the sedimentary sequence, creating minibasins isolated by shale 
ridges, in a similar way to what is observed in several seismic lines 
in the Sinú Fold Belt.
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Figure 54. Seismic profile showing the structural style associated to mud diapirs in the western Gulf of Mexico. Modified from Weimer and Slatt, 2007

6.1.4 NORTHEASTERN MARGIN OF TUNISIA

Some Miocene oil fields in the Gulf of Hammammet like Tazerka and 
Byrsa seem to be placed near clay diapirs (Bedir, 2005) (Figure 55).

As a matter of fact, these anticlinal structures are limited by North-
South and East-West fault corridors bordering synclinal structures and 
grabens. The discovery of Neogene mud diapirs on the Eastern margin of 
Tunisia constitutes an interesting new target of investigation for petroleum 
exploration. The petroleum implications of the structures intruded by 
diapirs along the listric borders of flower faults adress the flanks and the 
tops of the domes where structural and stratigraphic unconformities and 
erosional surfaces around the rim synclines occur. Neogene sequences 
contain turbidite sandstones reservoirs and clay seals. Along these 
diapirs, the fracturation and the fluid migrations are very important with 

undercompacted shales rapidly deposited during the Miocene and Pliocene 
periods. In Tunisia, the border fault corridors and the graben and platform 
borders are not yet explored and probably represent the future potential 
objectives to be pursued. In particular, these Miocene shale diapirs and 
their rim syncline flanks may represent new petroleum targets which will 
probably allow us to understand their dynamics (Bedir, 2005).  Most of 
what is mentioned by Bedir (2005) for the Tunisia area is applicable to 
the Sinú Area, in which the flanks of the synclines rimmed by the mud 
diapirs are the prospective targets, with the only probable exception 
of the expected reservoirs because the recent biostratigraphical and 
sedimentological studies from slim holes at the Chalán area, to the north 
of the Sinú area, indicate more proximal environments for the deposition 
of potential reservoirs (coastal marine deltaic environments).
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Figure 55. Seismic profile showing the location of the Tazerka and Byrsa field and its proximity to mud diapir related structures.  Modified from Bedir, 2005.

6.1.5 OFFSHORE TRINIDAD AND TOBAGO

In the offshore area of Trinidad and Tobago, mud diapirs affecting 
the sedimentary sequence in a similar manner to that observed in seismic 
profiles of the Sinú Area are observed.

Figure 56 shows a regional seismic transect on the shelf, 
in which a partition of the sedimentary basin by mud diapers 

can be obseved, as well as folds formed in early stages of mud 
diapir formation. The truncation against and drag folding of the 
sedimentary sequence on the flanks of the best developed mud 
diapirs to the NE (Boettcher et al., 2003) is clearly observable. In  
the southwestern part of the basin, several oil fields have been 
found in an area in which wrench faults and mud diapirs have 
created entrapment structures.
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Figure 56. Seismic profile at the Trinidad and Tobago offshore area showing the structural style related to mud diapirs.  From Boettcher et al., 2003.

6.1.6 SOUTH CASPIAN AREA

The southern area of the Caspian Sea offshore Azerbaijan is a very 
prolific area in mud volcanoes (Yusifov, 2004) with associated oil and gas 
manifestations (seeps).  

Figure 57 and 58 shows the extensive presence of mud volcanoes, 
especially at the offshore area, and the important presence of oil fields 

close or in trend with mud volcanoes. The NW-SE orientation of the 
mud diapirs and oil fields close to the coast of Azerbaijan, suggests a 
genetic relationship between the mud diapirs and the traps formed for 
hydrocarbons accumulation, probably controlling their formation and 
location in the basin.
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Figure 57. Map showing the distribution of mud 
volcanoes (left) and oil fields (right) offshore Azerbaijan. 
(Modified from Yusifov, 2004; and from http://www.
azerb.com/az-oil-fields.jpg, 2010).
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Figure 58. Seismic profile of the Southern Caspian area showing the structural style related to mud diapirs. From http://www.wavetechgeo.com/Caspian/seis_4.htm







 7. PETROLEUM SYSTEMS
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This chapter only shows one of several working hypotheses on 
the evolution of the petroleum systems in the Sinú – San Jacinto basin, 
based on the best understanding of the authors about the structural and 
stratigraphic evolution of the basin, and also reflecting the diversity of 
existing ideas, nomenclature and models. In chapter 5 a general regional 
overview of the petroleum systems elements has been presented, now 
in this chapter those petroleum systems elements are shown as the 
conceptual base for the modeling, along with source rock quality and 
thermal maturity data for the Sinú Fold Belt and the San Jacinto Fault Belt.

It is important to notice that the models presented here are based 
on local information; only one location per sub-basin is modeled and the 
regional meaning of their results is very limited because of the complexity 

of the basin; therefore caution should be taken on the conclusions 
drawn from a regional perspective on the petroleum systems and their 
prospectivity.

7.1 PETROLEUM SYSTEMS OF THE SINÚ BASIN

From the standpoint of exploration, the Sinú Basin is considered an 
immature basin. 54 wells have been drilled in the continental portion and 
19 in the offshore (Figure 59). Many gas and oil seeps have been reported 
in this basin, in the vicinity of or associated with mud volcanoes, which 
indicates the existence of at least one petroleum system. In this basin is 
located the Floresanto field, discovered in 1945 with 12 wells, 6 of which 
produced oil at some time.

Figure 59. Oil seep location and geochemical data of the Sinú Basin, 
inshore and offshore.
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Geochemical evaluation of crude oils and source rocks and its 
integration with structural and stratigraphic information permitted the 
identification of the elements and processes necessary to sustain the 
presence of petroleum systems in the basin.

7.1.1 ELEMENTS AND PROCESSES 

Source rock

Rocks which may be considered generators in this basin are the 
Floresanto formation shales, formed in deep seated environments during 
Early to Middle Miocene and the Oligocene Maralú Formation shales (British 
Petroleum & Amoco, 1999; Sanchez y Permanyer, 2006). Candelaria cherts 
(Middle Eocene), given its lithological similarity with Cansona Formation, 
could also be a potential source rock (Caro & Rey, 2009).

Reservoir rock 

Reservoir rocks of this area are the sandy levels belonging to the 
Pavo Formation (Oligocene) in the western past; San Rafael and Pavo 
sandstones in the Floresanto Formation in the east; some sandstones 
from Pajuil Formation and potentially, conglomerates and sandstones of 
the basal part of Manantial Formation (Caro & Rey, 2009).

In the offshore area, the sandy facies with the best reservoir potential 
are located in the Pleistocene –Miocene interval. This was established 
by Landmark-Halliburton (2007), who identifies these conditions in the 
Cartagena-1, Barranquilla-1, San Diego-1 and Cienaga-1 wells.

Seal rock

Cenozoic marine clay stones from the Maralú and Porquera 
Formations may act as seals for hydrocarbon accumulations. In the offshore 
area (Landmark-Halliburton, 2007), the Miocene Tubará unit shows thick 
intervals of fine grained rock with good seal characteristics; in a similar 
way, in the Magdalena fan zone, a thick layer of clays was identified in 
the Cartagena wells, as representative of the fine fraction of sediments 
deposited by turbidity currents.

Trap

Traps are associated with thrust faulting along the accretion prism; 
folds and reverse faults with stratigraphtic truncations of reservoirs against 
diapirs, and truncation related to syndepositional unconformities caused 
by deformation associated with vertical displacement of mud diapirs 
(Marin et al., 2010).

Overburden

Overburden includes the stratigraphic sequence of about 6400 feet 
corresponding to the Middle Miocene to recent interval.

Processes of hydrocarbon generation and expulsion 

As deduced from the basin modeling, processes of hydrocarbon 
generation and expulsion occurred mainly since Early Miocene times, with 
a brief interruption during the late Pliocene; critical movement is located 
toward Middle Pliocene.

7.1.2 EVENTS CHART

Figure 60 shows the elements and processes proposed for the 
petroleum systems.

Figure 60. Generalizad events Chart for the Sinú Sub-Basin. The burial curve is 
represented by the red line. 

7.1.3 SOURCE ROCK PROPERTIES  

Data evaluated through Rock Eval Pyrolysis and Total Organic Carbon 
(TOC) in order to characterize the source rock was obtained from 9 wells 
located in the entire basin. The section is referred to as being undetermined 
because no age information was available.

Organic matter amount 

Analyses of Total Organic Carbon (%TOC) of the evaluated section 
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give values in a range of 0 to 3%. However, most of the samples have values 
under 2%, with a potential considered form favorable to good.

Organic matter quality

The quality of organic matter evaluated through Rock Eval Pyrolysis 
and visual analysis of kerogen determined the presence of type III/IV 
kerogen, with a mixture of vitrinitic and inertinitic materials (terrestrial 
organic matter). Hydrogen index values vary between 0 and 273 mg HC/gr 
TOC (with gas generating potential; figure 61).

Figure 61. Modified Van Krevelen diagram for the Sinú Sub-Basin. Note that the 
stratigraphic sucesión contains kerogens type  III and IV. 

Thermal maturity of organic matter 

Values for Maximum Temperature (Tmax) appear in a broad 
temperature range, varying from immature samples, samples included 
in the generation window and samples which correspond to gas to 
overmature conditions (Figure 62).

Figure 62. Maximum temperature (Tmax) vs hydrogen index (HI) diagram. Note 
that samples are immature to overmature with up to 493ºC values.

Hydrocarbon generation potential

Available geochemical information permits are to determine a 
medium to poor genetic potential in most of the studied sequence, with 
values lower than 5 mg HC/rock. The highest favorability was obtained 
from some small levels with values between 10 and 15 mg HC gr/rock 
(good to very good potential, figure 63).

Figure 63. Total organic carbon (%TOC) vs hydrocarbon generation potential 
(S1+S2) for the Sinú Sub-Basin. Note that the generation potential is favorable to 

poor for most samples, except for some few values with a good potential. 
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A synthesis of the main geochemical characteristics of the studied 
section is given in Fig 64 Oligocene –Miocene units (Floresanto and Maralú 
Formations) are proposed as  hypothetical source rock of the basin.

Figure 64. Geochemical evaluation synthesis of the source rocks of the Sinú 
Sub-Basin. Note that the Maralú and Floresanto Formations have the best 
conditions as source rocks. 

7.1.4 CRUDE OIL PROPERTIES

Crude oils from the Floresanto field are normal to light, with API 
gravity values higher than 30° (Figure 65). Saturated hydrocarbons are the 
dominant fraction, with values above 70%, which indicate a good maturity 
level and the influence of source associated with a superior organic matter 
deposited in a transitional environment, as confirmed by a low content of 
sulfur (0.15%).

Figure 65. APIº gravity vs % sulphur diagram for the Sinú Sub-Basin. Note that 
crude oils are normal to light with low sulphur contents. 

The depositional environment of the organic matter is considered as 
oxic fluvio-deltaic to marginal marine, as indicated by high C29 stereane 
values, high pristane/phytane ratio and high Oleanane/C30 Hopane ratio 
(>0.2, Figure 66).

Figure 66. Phytane/C18 vs Pristane/nC17 diagram for the Sinú Sub-Basin.  Note 
that the source rock were accumulated under oxic conditions

Data obtained from isotopic analyses are well correlated with 
common values from mixture of marine and terrestrial organic matter 
(Figure 67). This result agrees with Sanchez & Permayer (2006), who 
proposed the existence of two generating facies in the Sinú – San Jacinto 
basin: one composed of terrestrial organic matter deposited in a marginal 
to deltaic marine environment and another deposited in a marine platform 
environment.

Figure 67. δC13 saturates vs δC13 aromatics diagram for the Sinú Sub-Basin. 
Values indicate the presence of crude oils generated from both, marine and no 
marine sources. 
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Synthesis of crude oil properties 

Crude oils which were found in this basin are of good quality; they 
have low sulfur content and the environment where organic matter was 
deposited is considered as marine deltaic with an oxic character. On the 
other hand, their high oleanane content indicates a facies originating from 
a Cenozoic source rock. (Table 2)

7.1.5 PETROLEUM SYSTEM MODELLING

Simulation of generation and expulsion processes for the Sinú basin 
hydrocarbons was carried out at a pseudowell located on seismic line L-1984-
07, in the area where the basin reaches its major thickness (Figure 68).

Figure 68. Location profile of the pseudo-well, along the seismic line 
L-1984-07, used in the modeling of the Sinú Sub-Basin. 

Following the geological evolution model for this part of the basin, the 
base of the sequence from Paleocene reached a maximum burying depth of 
21.500 feet during Pliocene and maximum temperatures of 335°F (Figure 69).

Figure 69. Burial curves for the Sinú Sub-Basin. Note that the maximum 
burial depth occurred during the early Pliocene.

Values for heat flow varied from 50mm/m2 during Paleocene to 36 
mm/m2 for the present. Using chemical information from the rock, two local 
and regional generating intervals were included, which correspond to the 
Candelaria and Lower Floresanto Formations. Results from the simulation 
indicate that those intervals reached maturity levels in the range of the 
peak expulsion for the oil window (Ro=0.8, Lower Floresanto Formation) 
and a later stage in the oil window (Ro=1.05, Candelaria Formation, figure 
70), with an expulsion process during Late Miocene-Pliocene for the 
Candelaria Formation associated with the Corpa Formation emplacement 
(7-4 Ma, figure 71).

Table 2.  Geochemical properties synthesis for the Sinú Sub-Basin.
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Figure 71. Expulsion processes for the Candelaria Formation during the 
late Miocene.

Figure 70. Vitrinite reflectance (%Ro) profile for the Sinú Sub-Basin through 
time. The Candelaria and Floresanto Formations the oil generation peak and 
early maturation, respectively.
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For the evaluated Cenozoic sequence, the potential is characterized 
as poor, with values lower than 2 mg HC/gr COT. However, the presence 
of Cenozoic crude oils determines the existence of an effective generating 
facies of this age, which has not been clearly identified until now. 

Figure 78 gives a synthesis of the main geochemical characteristics 
which qualify Cansona, Cienaga de Oro and Porquero Formations as 
possible source rocks. 

7.1.6 DEFINITION OF PETROLEUM SYSTEMS

Caro & Rey (2009) proposed the existence of a proven petroleum 
system, composed of Cenozoic generating rock and reservoirs located in 
the Oligocene Pavo Formation. The petroleum system is defined as:

Cenozoic – Pavo (!)

Additionally, integration of geological and geochemical data and 
basin modelling enable to propose the existence of other petroleum 
systems associated with the numerous traces of crude oil in surface (seeps) 
which are found in the basin:

Candelaria – Pavo (?)

Floresanto – Pavo (?)

These two systems are considered speculative as only geological 
and geophysical evidence of the source exist (Magoon & Dow, 1994).

The geographic extent of the petroleum systems and the location of 
the pseudowell where modelling was carried out are shown in Figure 72.

Figure 72. Petroleum systems map for the Sinú Sub-Basin. Note the  depocenter 
at the top of the basement, the hydrocarbon seeps, and the hypothetical influcnce 
of the petroleum systems.

Figure 73. Location of wells, fields, and geochemical data of the San Jacinto Basin

Figure 74. Events Chart for the petroleum systems of the San Jacinto Basin. The 
burial curve is indicated by the red line. 
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7.2 PETROLEUM SYSTEM OF THE SAN JACINTO BASIN

The San Jacinto Basin is considered an immature basin from the 
standpoint of exploration. It contains 7 gas fields and 129 wells have been 
drilled there (Figure 73). Many gas and oil seepages have been reported, 
which is evidence that at least one hydrocarbon system exists.

Geochemical evaluation of crude oils and rocks and its integration 
with stratigraphic and structural information permit the identification 
of the elements and processes necessary to support the existence of 
petroleum systems in the basin.

7.2.1 ELEMENTS AND PROCESSES

Source rock

The basin’s main source rock is the Cansona Formation (Campanian-
Maastrichian), composed of black shales, siltstones and limestones. 
The secondary source rock correspond to some muddy and calcareous 
levels from Cienaga de Oro (Upper Miocene) and Porquera  (Miocene) 
Formations.

Reservoir rock 

In the San Jacinto Folded Belt, the main reservoir rocks are Cenozoic  
sandstones of deltaic-marine origin from the San Jacinto (Oligocene), Maco 
(Eocene) and San Cayetano (Later Paleocene-Early Eocene) Formations, 
and locally fractured Oligocene limestones from the Toluviejo Formation 
(Marin et al., 2010).

Seal rock

Muddy facies from Cienaga de Oro Formation (Late Oligocene) 
present good conditions as sealing rock, as do the Porquero (Middle 
Miocene), El Carmen (Oligocene) and Tubará (Late Miocene) 
Formations. 

Traps

Several types of traps can be identified in the basin: folds related to 
the accretional prism with formation of anticlines in an imbricated systems 
of faults which converge toward the northeast; folds related to mud diapirs 
in the southern part of the basin; stratigraphic traps related to sandy units 
pinch-out located in the accretional prism; stratigraphic traps related to 
truncation produced by repeated cycles of uplifting and sedimentation 
undergone by the basin.

Overburden

Overburden rocks correspond to units from Upper Cretaceous, 
Paleogene and Neogene. A maximum development of burial occurred 
during Pliocene and Miocene, when some offshore areas reached a 
thickness of about 13.000 feet.

Hydrocarbon generation and expulsion processes.

From the modeling carried out for the basin, generation and 
expulsion of hydrocarbon processes occur mainly from Early Miocene to 
Recent, with a critical moment toward Late Miocene.

Figure 75. Modified Van-Krevelen diagram for the San Jacinto Basin. Note that 
hydrogen index (HI) values mainly correspond  to  kerogens type II/III.
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7.2.2 EVENTS CHART

Elements and processes for the basin petroleum systems are given 
in Figure 74.

Thermal maturity of organic matter

Maturity values measured for the Cansona Formation through vitrinite 
reflectance and maximum temperature (% Ro = 0.77 and Tmax from 438 to 
453° in the southern part of the basin) indicate that the sequence reached a 
maturity near the hydrocarbon generation peak (Georesponse, 1991).

For the Cenozoic sequence, values don’t exceed 440°C for Tmax 
and 0.63% for % Ro, which suggest a maturity level corresponding to the 
beginning of the hydrocarbon generation window (Figure 76).

Hydrocarbon generation potential

The Cansona Formation gave the more favorable value for liquid 
hydrocarbon generation, with hydrogen index (HI) up to 400 mg HC/gr TOC 
and total organic carbon contents with averages near 3%.

The generation potential (GP) varies from 0 to 80 mg HC/gr rock, 
with a tendency toward low values (< 5) (Figure 77).

Figure 76. Maximum temperatura (Tmax) vs hydrogen index (HI) diagram for 
the San Jacinto Basin. Note that simples are immature to mature, i.e. at the peak 

of oil generation. 

Figure 77. Total organic carbon (%TOC) vs generation potencial (GP) 
diagram for the San Jacinto Basin.

7.2.3 SOURCE ROCK PROPERTIES

Organic matter content

For the Cansona Formation, data reported for total organic carbon 
(TOC) are between 1 and 11%, with average values near 3% (Chevron, l986 
and Martinez, Luna & Lamilla, 1994). Well samples taken at undetermined 
intervals show values between 0.5 and 12% with averages near 1.2%. In 
the Cenozoic sequence (Cienaga de Oro and Porquero Formation) values 
for analyzed samples are under 1.2% with anomalous values up to 4%.

Organic matter quality

In analyses carried out by Reyes and Rueda (2001), it appears that 
the Cansona Formation kerogen is type II, and accumulated in deep sea 
environments; hydrogen index may reach 400 mg HC/gr TOC, with capacity 
to produce liquid hydrocarbons.

In the Cienaga de Oro and Porquero Formations, type II and III 
kerogen is predominant, with amorphous and herbaceous organic matter, 
with capacity to generate liquid and gaseous hydrocarbons (Georesponse 
Ltda, 1991; Permanyer & Sanchez, 2006) (Figure 75).
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Figure 78. Geochemicla evaluation síntesis for the rocks of the San Jacinto 
Basin

7.2.4 CRUDE OIL PROPERTIES

Light and condensed crude oils predominate with API gravity values 

higher than 40° (Figure 79). They are present in Cenozoic reservoirs in the 

Perdices field and in oil seeps. These are characterized by high contents in 
saturated hydrocarbons and low contents in resins and asphaltenes (Figure 
80). Sulfur content is low, with values lower than 0.2% in most of the samples.

Figure 79. APIº vs % sulphur diagram for the San Jacinto Basin. Note that the 
seep oils are mainly heavy and the product of the lost of the light fraction caused by 
biodegradation.

Figure 80. Ternary diagramo of the crude oil SARA fractions of the San Jacinto 
Basin. Note that saturates have percentage values in the  50 to 85 % range, being 
this the dominant fraction.

Seepage of crude oils shows high alteration levels (biodegradation) 
with API gravity values below 10%.

Crude oils present high values for the relation Oleanane/C30 Hopane, 
which indicate the presence of Cenozoic generating facies, a hypothesis which 
is furthermore reinforced by the presence of high values for Pristine/Phytane, 
an element which indicates the marine/deltaic condition for the deposits 
environment of the generating facies present in this time interval (Figure 81).

0

Figure 81. Phytane/nC18 vs Pristane nC17 diagram for the San Jacinto Basin. 
Note that the source rock depositional  environment was oxic to sub-oxic. 
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Figure 82. δC1 saturates vs δC13 aromatics diagram for the San Jacinto Basin. Note 
that the crude oil family SJ1 has a more marine influence than the family SJ1.

7.2.5 PETROLEUM SYSTEM MODELING

Simulation of hydrocarbon generation and expulsion processes 
for the San Jacinto basin was carried out through a pseudowell located 
on seismic line C-1989-04, in a place where the basin reaches its major 
thickness (Figure 83). Following the geological evolution model, the 
basis of the Campanian sequence reached a maximum depth of burial 
of 35,000 during Pliocene and a maximum temperature of 430°F 
(Figure 84).

Figure 83. Profile of the San Jacinto pseudo-well, located  along the seismic line 
C-1989-04, and used in the modeling of the San Jacinto Basin.

Synthesis of the crude oil properties

Crude oils found in this basin are mostly of good quality, with a 
predominance of saturated hydrocarbons, API gravity higher than 40% and 
low sulfur content. Generating facies could correspond to a deltaic marine 
environment with some carbonate influence.

Table 3.  summarizes some of the main properties obtained from the 
geochemical data for the basin’s crude oils.

Crude oil families

Due to the scarce information, the family definition is difficult. 
However, in a very general way, the existence of at least two families 
can be considered: one from marine siliciclastic environment with 
carbonate influence, characterized by medium to high sulfur values 
with higher thermal maturity (SJ1), and another from a more proximal 
marine environment, with a high terrestrial organic matter supply, 
lower sulfur content and a Oleanane/C30 Hopane relation higher than 
O2 (SJ2) (Figure 82).

TABLE 3. Geochemical properties synthesis of the crude oils of the 
San Jacinto Basin. 
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Figure 84. Burial curves for the San Jacinto Basin. Note that the maximum burial 
occurred during the late  Pliocene

Results obtained from the simulation indicate that these 
intervals reached maturity levels in the range of peak oil expulsion 
(Ro = 0.8. Porquero Formation); late stage in the oil window (Ro=1.1; 
Cienaga de Oro Formation) and dry gas generation stage (Ro> 1.3%, 
Causona Formation) (Figure 85), with an expulsion process for 
Causona Formations during Miocene, associated with the deposit 
of Cienaga de Oro and Porquero Formation, and a second expulsion 
pulse during Late Miocene-Pliocene for Cienaga de Oro Formation 
associated with deposition of the the Tubará Formation (10-5 Ma, 
Figure 86).

Figure 86. Expulsion processes for the San Jacinto Basin. Note that for the 
Cansona Formation it occurred during the early Miocene.

7.2.6 DEFINITION OF PETROLEUM SYSTEMS

Geological and geochemical integration and basin modeling 
enable one to suggest the existence of a petroleum system with 
evidence from a small oil production (Perdices) and crude seepage, 
from lower mature levels of limestones intercalated with black shales 
of the Cansona Formation, up to outcrops and producing units from 
Cenozoic age (reservoir).

A history of constant heat flow of 36 mw/m2 was used. On the 
basis of regional geochemical data and local rock data, three generation 
intervals were included in the model. They correspond to the Cansona, 
Cienaga de Oro and Porquero Formations.

Figure 85. Vitrinite reflectance (%Ro) profile for the San Jacinto Basin through 
time. Note that the Cansona Formation reached the oil and gas generation 
windows, whereas the Ciénaga de Oro Formation reached a late maturity of liquid 
hydrocarbons. 
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A proved petroleum system is thus proposed:

Cansona-Cenozoic (!).

Furthermore, it is possible to signal the existence of the Cienaga 
de Oro petroleum system (.), which is designed as hypothetical because 
there is geochemical evidence that indicates the origin of crude oils and 
gases, but no correlation between oil and source rock exists (Magoon 
& Dow, 1994).

Figure 87 shows the geographic extension of the petroleum system 
and the localization of the pseudo well where modeling was carried out.

Figure 87. Petroleum systems map for the San Jacinto Basin. Three possible 
areas associated to depocenters at the top of the basement, would correspond 
to generation pods. Similarly, the hydrocarbon seeps of the Basin are shown, 

together with the hypothetical area of influence of the petroleum systems.







8. CONCLUSIONS
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The following conclusions can be addressed from the existing 
information at the Sinú –San Jacinto Basin:

The Sinú – San Jacinto is an under - explored basin  in which no 
commercial discoveries have been made, although it is the area of 
Colombia with the most seeps (oil and gas) reported.

The extensive presence of oil seeps proves the existence of active 
petroleum systems in the area, and the few crude oil and rock extracts 
indicate the existence of hypothetical petroleum systems named as: Arroyo 
Seco (.), Arroyo Seco –Chengue (.), Arroyo Seco – Toluviejo (.), Arroyo 
Seco – Ciénaga de Oro (.), Toluviejo (.), Toluviejo – Chengue (.), Toluviejo – 
Ciénaga de Oro (.), Ciénaga de Oro (.) (Aguilera et al., 2010).

The thermal maturity data suggest that there are areas in which the 
sedimentary sequence can reach conditions for hydrocarbons generation, 
but this information is so sparse that it not possible to define generation 
pods. However, the few data available suggest that more thermally mature 
rocks can be found to the west of the San Jacinto Fault Belt, and into the 
Sinú Fold Belt, which are the areas in which most of the seeps have been 
reported.

Several potential exploration opportunities related to drag folding of 
the sedimentary sequence and truncation against mud diapirs have been 
identified, which partition the onshore part of the Sinú Fold Belt in several 
minibasins, isolated from each other; and considering the widespread 
distribution of the oil seeps at the surface, it should reflect generation 
processes in most if not all of the depocenters (minibasins) identified from 
surface geology and seismic interpretation. Truncation of reservoirs below 
synsedimentary unconformities developed in the synclines because of the 
vertical growth of the shale diapir, are stratigraphic plays that can also be 
considered.

In the offshore part in the Sinú Fold Belt, (besides the opportunities 
mentioned for the onshore part), at the Sinú Deformation Front to the 
west, the development of a structurally complex imbricated fan is another 
major exploration opportunity in the area.

Regarding exploration plays at the San Jacinto Fault Belt, the 
opportunities identified are mainly related to folding and juxtaposition 
trapping, caused by the intensive faulting of the area.

Some major concerns for prospectivity remain at the Sinú – San 
Jacinto Basin. For the case of the San Jacinto Fault Belt, thermal maturity 
of the source rocks is a concern because most data suggests that the 
sedimentary sequence is immature and it has not been possible to clearly 
identify generation pods. Along with this, the preservation of potential 

reservoirs because of the history of deformation of the area is another 
issue that needs to be addressed.

In the case of the Sinú Fold Belt, the existence of potential source 
rocks from Paleogene and Cretaceous ages is suggested from crude oil 
characterization and rock extracts correlation, but no thermally mature 
rocks of these ages have been drilled so far to corroborate this hypothesis. 
Additionally, the continuity and quality of the reservoirs within the area is 
a major uncertainty because the few wells drilled and the fact that many of 
them, especially in the onshore part of the Sinú Fold Belt, have been drilled 
in anticlines formed by mud diapirism, finding a very shaly succession that 
has led to the idea that no good reservoirs can be found in this part of 
the basin, although good reservoir successions have been described from 
outcrops in the area. The most likely conclusion is that these reservoirs can 
be found in the synclines rimmed by the mud-cored anticlines, but so far 
no wells have been drilled there to prove it.

The gas burst episodes and the fact that in several locations in the 
past oil seeps have been reported in the area, but without finding evidences 
of hydrocarbons (oil staining or gas bubbling), are indicative of the sealing 
capacity of the mud diapirs. Additionally, the present day active oil seeps, 
which are mainly related to the mud volcanoes at the surface, are mainly 
oil stains in the mud, suggesting low quantities of hydrocarbons seeping at 
the surface.

Additionally, the new sedimentological and biostratigraphical 
information obtained from the slim holes drilled at the San Jacinto Fault 
Belt indicate that the potential reservoir rocks in the area were deposited 
in a coastal transitional environment (Universidad de Caldas – ANH, 2009), 
and not the turbidites environment that was previously proposed, and 
that these depositional environments might be laterally continuous to the 
west into the Sinú Fold Belt.

Regarding exploration analogs for the Sinú Fold Belt, there are some 
basins around the world in which mud diapirism is a major process in basin 
formation, in which commercial hydrocarbons accumulations have been 
found like offshore Nigeria, Brunei, Tunisia and the Southern Caspian.

In basins like offshore Nigeria and Brunei, three ways closure traps 
against mud diapirs have been proven as successful plays in the Bonga and 
Merpati fields respectively. 

In the Southern Caspian area, (offshore Azerbaijan), the maps show a 
very close relationship between oil fields and mud volcanoes, and seismic 
information indicates a genetic relationship between the diapirs and the 
entrapment structures developed at the area, in a structural style similar 
to that observed at the Sinú Area. 
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