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The Patia basin is an exploration frontier area of approximately 5000 km2 located in southwestern 
Colombia. Seventy samples from 6 outcrop sections and one oil sample from the Matacea Creek 
seep were submitted for geochemical analyses. These analyses provide a basis to better assess the 

petroleum potential of this frontier area. Organic carbon content and Rock-Eval pyrolysis indicate that the 
Chapungo Sequence of Late Cretaceous age and the Chimborazo Formation of Eocene age have the higher 
petroleum source potential among the studied units. Petrographic evidence suggests that the heat effect 
of igneous intrusions account for the high maturity of some of the sampled intervals. Bulk and molecular 
parameters indicate that the oil sample of the Matacea Creek seep has been biodegraded, but there is also 
evidence of a recharge of the oil to the surface. Biomarker data indicates that the Chimborazo Formation is 
the unit that displays the best correlation with the Matacea Creek oil. The lack of a perfect match between 
the oil seep and the Chimborazo extracts might be the result of biodegradation or the existence of more 
proximal facies of the Chimborazo Formation, not sampled in this survey. The Matacea Creek oil seep is 
proof of a petroleum system.
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La cuenca de Patía es un área de frontera exploratoria con 5000 km2 localizada en la porción suroeste 
de Colombia. Setenta muestras de roca de afloramientos y una muestra de crudo del rezumadero de 
la Quebrada Matacea fueron sometidas a análisis geoquímicos. Estos análisis permitieron una mejor 

evaluación del potencial petrolífero de esta área de frontera. Análisis de carbono orgánico y pirólisis indican 
que la Secuencia Chapungo de edad Cretáceo tardío y la Formación Chimborazo de edad Eoceno poseen 
los mejores potenciales para generación de petróleo entre las muestras estudiadas. Evidencias petrográficas 
sugieren que el efecto térmico de intrusiones ígneas es responsable por el alto grado de madurez de algu-
nos de los intervalos muestreados. Parámetros globales y moleculares indican que la muestra de crudo del 
rezumadero de la Quebrada Matacea ha sido biodegradada, pero también hay evidencia de una recarga 
de crudo en la superficie. Datos de biomarcadores indican que la Formación Chimborazo es la unidad que 
presenta la mejor correlación con el crudo de la Quebrada Matacea. La falta de una correlación perfecta 
entre el crudo y los extractos de Chimborazo puede deberse a la biodegradación o a la existencia de facies 
más proximales de la Formación Chimborazo, no muestreadas en este estudio. El rezumadero de la Que-
brada Matacea es una prueba de la existencia de un sistema petrolífero en esta cuenca y que la Formación 
Chimborazo es la roca madre más probable.
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INTRODUCTION

The southern Cauca Basin, here designated Patía 
basin is an intermontane basin located between the 
Central and the Western Andean Cordilleras, in south-
western Colombia (Figure 1). With an approximate area 
of 5000 km2 , the Patía basin is an exploration frontier, 
without any single well. Nevertheless, despite the lack 
of hydrocarbon accumulations, the presence of an oil 
seep represents irrefutable evidence that petroleum 
generation and migration took place, indicating the 
existence of a petroleum system. The explorers must 
develop criteria to determine the size and extent of 
this system. 

A previous study has analyzed the Matacea Creek 
oil seep and attempted to assess its origin through the 
geochemical correlation with organic extracts from a 
few outcrop samples (Rangel and Giraldo, 1993). The 
limited number of outcrop samples available, hampered 
the identification of the source rock and the appraisal 
of the petroleum potential of this frontier area.

In the present study, a comprehensive set of 70 
samples from 6 outcrop sections comprising the po-
tential source rocks was submitted for organic carbon 
determinations (TOC), Rock-Eval pyrolysis, and visual 
kerogen analyses. Organic extracts from 18 rock sam-
ples, analyzed by gas chromatography and mass spec-
trometry (GCMS), were correlated with the oil sample 
from the Matacea Creek seep. This study shows how a 
surface geochemical survey can provide information 
about a petroleum system in a frontier area. 

GEOLOGIC FRAMEWORK

The Patía basin (Figure 1) is a narrow intermontane 
depression about 120 km long and 35 km wide, located 
approximately between the cities of Popayán and Pasto. 
The basin is limited to the east by the Romeral Fault 
and the Central Andean Cordillera, to the west by the 
Cali-Patía Fault and the Western Andean Cordillera, 
and to the north by the Popayán basement high, which 
separates it from the northern part of the Cauca Basin 
(Etayo et al., 1983).
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Figure 1. Simplified tectonic framework of southwestern Colombia showing 
the location of the Patía basin
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The Western Cordillera as well as the basement rock 
of the Patia basin are composed of metamorphosed 
distal turbiditic deposits of the Dagua Group mixed 
with ophiolitic fragments of oceanic crust (Alfonso, 
1993), relicts of an accretionary complex related to the 
Mesozoic subduction (Etayo et al., 1982). The Central 
Cordillera is composed of Paleozoic and Mesozoic 
crystalline rocks metamorphosed by Mesozoic and Ce-
nozoic plutonisms. A divergent thrusting of Cenozoic 
age gave rise to an uplifted metamorphic nucleus that 
encompasses low to medium grade rocks, with frag-
ments of high pressure facies, such as eclogites and 
glaucophane schists (Irving, 1975; Orrego et al., 1980; 
Feininger, 1982; MacCourt and Millward, 1983). The 
Romeral Fault, an important structural discontinuity  
over 500 km long (Figure 1), separates the metamor-
phic rocks of the Central Cordillera from the Mesozoic 
ophiolitic complex.

The Patia basin infill comprises Upper Cretaceous to 
Quaternary deposits (Figure 2). The Upper Cretaceous 
section is mostly composed of siliciclastics and cherts 
interbedded with volcanic rocks from the Diabasic 
Group below and with limestones in the Chapungo 

Sequence, Agua Clara and Río Guabas formations. 
Conversely, the Cenozoic section is largely composed 
of conglomerates, sandstones and shales locally in-
terbedded with limestones and thin coal levels in the 
Tertiary formations and with tuffs and pyroclasts in the 
Late Tertiary and Quaternary units.

SAMPLES AND METHODS

Geochemical analyses were performed on 70 rock 
samples from 6 outcrop sections (Figure 3), considered 
to be representative of the potential source rock units. 
The number of samples from each stratigraphic unit 
and their lithologies are presented in Table 1. Analyses 
were also carried out on an oil sample collected from 
the seep of the Matacea Creek (Figure 3).

After being with using fresh water and air dried, the 
rocks samples were powdered, decalcified with HCl 
(50%) and analyzed using a LECO WR-12 apparatus 
to determine their organic carbon content (TOC). Py-
rolysis analyses were performed with a Rock-Eval II 
apparatus following the method described by (Espitalié 
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et al., 1985) on samples with TOC contents higher than 
0,5%. For the visual kerogen investigation, 26 rock 
samples were demineralized with HCl and HF. The 
isolated kerogen samples were mounted on strewn 
slides to be analyzed with transmitted white light and 
fluorescence microscopy using a Zeiss Axiophot ap-
paratus. Isolated kerogens were also mounted on plugs 
to be analyzed with reflected microscopy with a Leitz 
MVP-SP apparatus.

A set of selected 18 powdered rock samples was 
submitted to Soxhlet extraction for 24 h using dichlo-
romethane. Saturate, aromatic and NSO compounds 
fractions of the oil seep sample and the recovered 
organic extracts from the rocks were eluted from a 
silica-gel column using n-hexane, n-hexane+toluene 
and toluene+methanol, respectively. The saturate frac-
tions were analyzed in a Hewlett-Packard 5890-A gas 
chromatograph (splitless injector and 30-m SPB-TM-1 
column), using hydrogen as carrier gas and column tem-
perature programmed from 120° to 310°C at 6°C/min . 
The same fractions were analyzed using a HP-5972 
mass spectrometer detector coupled to a Hewlett-Pack-
ard 5890-A gas chromatograph (on-column injector and 
30-m HP-5MS column) using helium as carrier gas and 
column temperature programmed from 70° to 170°C at 
20°C/min and from 170° to 310°C at 2°C/min .

RESULTS AND DISCUSSION

Hydrocarbon source potential and thermal maturity 
of outcrop samples

Total organic carbon (TOC) contents are high 
(> 2,0%) for most of the samples of the Chapungo 
Sequence and Río Guabas Formation, moderate (be-
tween 1 and 2%) for the Chimborazo and Peña Morada 
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Figure 3. Location map of the outcrop rock samples and the Matacea 
Creek oil seep. Dashed line represents the outline of the Patía basin

Table 1. Analyzed stratigraphic sections in the Patía basin, number of 
samples and the predominant lithologies per stratigraphic unit

Stratigraphic Section Unit Age # Samples Dominant Lithologies
Río Esmita Peña Morada Formation Eocene 9 Shale and marl 
Río Inguito Chimborazo Formation Eocene 19 Shale and marl 
Río Guabas Río Guabas Formation Late Cretaceous 11 Shale and marl 
La Bodega Agua Clara Formation Late Cretaceous 22 Shale and siltstone
Alto de Chapungo Chapungo Sequence Late Cretaceous 5 Calcareous shale and shale
El Estrecho Balboa Diabasic Group Late Cretaceous 4 Shale, siltstone and chert
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formations, and low (< 1,0%) for the samples of the 
Agua Clara Formation and Diabasic Group (Figure 4). 
Good hydrocarbon source yields (S2 > 6 mgHC/gRock) 
were found only in the Chapungo Sequence (Figure 4). 
The Chimborazo Formation displays fair source yields 
(Rock-Eval S2 mostly between 2 and 5 mgHC/gRock), 
while all the other units present poor yields (lower that 
1 mgHC/gRock), including the samples with high TOC 
values from the Río Guabas Formation (Figure 4).

The distribution of the analyzed samples in a modi-
fied van Krevelen diagram (Figure 5a) points to a preva-
lence of type II kerogen in most of the samples of the 
Chapungo Sequence, while a mixed II-III kerogen type 
dominates in the Chimborazo Formation. The remain-
ing samples present very low hydrogen indices (HI < 
100 mgHC/gTOC). Some of these samples present a 
moderate to low maturity level (Tmax < 450°C ; Figure 
5b), pointing to a dominance of type III kerogen. The 

Figure 4. Cross plot of organic carbon contents (TOC) and hydrocarbon 
source yields (S2) for the analyzed outcrop samples of the Patía basin
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majority of the low-HI samples however, have reached 
a high degree of thermal evolution (Tmax > 460°C ; 
Figure 5b), which indicates that present HI values do 
not reflect the original character of these rocks.

Visual kerogen analyses indicates a dominance 
of amorphous organic matter (80%) for most of the 
analyzed samples of the Peña Morada, Chimborazo 
and Agua Clara formations and Chapungo Sequence 
(Figure 6). Macerals of the liptinite group were not 
found, while vitrinite and/or inertinite contents may 
range from about 40 to 100% in a few samples of the 
Chimborazo and Agua Clara formations and Diabasic 
Group, corroborating the pyrolysis results.

Vitrinite reflectance measurements performed on 13 
samples presented a good correlation with Tmax values 
(Figure 7). Most of the samples display reflectance val-

ues between 0,4 and 0,7% Ro, pointing to an immature 
to marginally level of thermal maturity, whereas some 
Río Guabas Formation samples reach up to 1,8% Ro, 
indicating an overmature degree. It is worth mentioning 
that the vitrinite particles of the overmature samples dis-
plays a “cauliflower texture” (Giraldo, B. N., personal 
communication), considered to be indicative of the rapid 
escape of volatiles in response to a short time heating 
event (Taylor et al., 1998). Such feature indicates that 
the thermal effect of igneous intrusions might have 
influenced the thermal maturity of such intervals.

The integration of bulk analyses indicates that the 
Chapungo Sequence (Late Cretaceous) presents the 
higher potential to generate liquid hydrocarbons, be-
ing followed by the Chimborazo Formation (Eocene). 
In practically all the studied samples, these units are 
immature or have reached only the beginning of the 

Figure 5. Modified Van Krevelen-type diagram (a) showing the distribution of the analyzed samples 
in relation to the kerogen types (I, II and III), and hydrogen index (HI) vs. Tmax diagram (b) 

displaying the influence of thermal maturity on organic matter quality
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“petroleum window” (up to 0,7% Ro). Despite the low 
HI values presented by the samples of the Río Guabas 
Formation, the combination of good TOC contents 
and dominance of amorphous organic matter with 
high Tmax values suggest that such samples might 
have originally presented fair to good hydrocarbon 
source yields.

Geochemical characterization of organic extracts 
of outcrop samples

A set of 18 samples from the Chapungo Sequence, 
Peña Morada and Chimborazo formations was selected 
for Soxlhet extraction. Saturates contents of organic 
extracts range from 16 to 58%, while the proportion of 
NSO compounds reaches up to 70% in the low maturity 
samples. Gas chromatograms of the saturate fractions 
display differences that reflect both maturity and or-
ganic facies variations. The samples of the Peña Morada 
Formation (GC; Figure 8) and most of the samples 
of the Chapungo Sequence present pristane/phytane 
(Pr/Ph) ratios between 1,06 and 1,84, pointing to a 
prevalence of suboxic to oxic conditions of deposition 
and a relatively lower contribution of terrestrial plants 
(Didyk et al., 1978; ten Haven et al., 1988; Mello et al., 
1988). Conversely, the samples of the Chimborazo For-
mation and one sample from the Chapungo Sequence 
(G-119) shows high Pr/Ph ratios (> 2,5) and bimodal 
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distribution of n-alkanes with high relative abundance 
of high molecular weight paraffins (> n-C23; Figure 
8). Such characteristics indicate the prevalence of a 
more oxidant environment with an important input of 
continental organic matter.

Biomarkers in the Chapungo Sequence and Peña 
Morada and Chimborazo formations, steranes/hopanes 
ratios are generally around 0,5, suggesting a significant 
input of bacterial biomass (Mello et al., 1988; Peters 
and Moldowan, 1993). Among the steranes (m/z 217; 



CT&F - Ciencia, Tecnología y Futuro  -  Vol. 2  Núm. 3      Dic. 200292

ANTONIO V. RANGEL et al.

CT&F - Ciencia, Tecnología y Futuro  -  Vol. 2  Núm. 3      Dic. 2002

ORGANIC GEOCHEMICAL EVALUATION OF THE PATÍA BASIN, COLOMBIA

93

Figure 8), there is a general dominance of the C27 com-
pounds over their C28 and C29 counterparts, although 
the C29 steranes dominates in some samples of the 
Chapungo sequence. The relative abundance of dia-
steranes is moderate to high (diasterane/sterane ratios 
mostly equal or higher than 1), indicating a significant 
siliciclastic input (Mello et al., 1988).

Among the terpanes (m/z 191; Figure 8), C24 
tetracyclic/C26 tryciclic terpanes ratios range from 
0,6 to 2,8. High relative abundance of C24 tetracyclic 
terpanes are commonly related to depositional environ-
ments with high input of terrestrial plants (Philp and 
Gilbert, 1986; Abdullah et al., 1988; Isaksen, 1995). 
The 18g(H) oleanane is present in all samples, with 
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seep and the organic extracts of the analyzed stratigraphic units in the Patía basin
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oleanane/hopane ratios bellow 0,1 in the Peña Morada 
Formation and Chapungo Sequence and up to 0,22 in 
the Chimborazo Formation. The oleanane is derived 
from pentacyclic triterpanes found in the angiosperms, 
being therefore a Late Cretaceous/Tertiary marker for 
higher plants input (Peters and Moldowan, 1993).

Tricyclic terpanes occur in relative low abundances 
in the Chimborazo samples (tryciclic/hopanes ratios 
around 0,4) and low to moderate proportions in the 
samples of the Chapungo Sequence and Peña Mo-
rada Formation (Figure 8). C35/C34 homohopanes 
ratios ranging between 0,4 and 0,9 indicates an oxic 
to suboxic condition of sedimentation (Mello et al., 
1988; Peters and Moldowan, 1993) and corroborates 
the interpretation of Pr/Ph ratios. Gammacerane 
occurs in relative very low abundances in all but 
three samples of the Chapungo Sequence, with 
gammacerane/hopane ratios between 0,4 and 0,8. 
Such high values might be indicative of a high water 
salinity environment (Moldowan et al., 1985; Mello et 
al., 1988; ten Haven et al., 1988). Ts/Tm ratios range 
from 0,6 to 2,6, apparently reflecting both maturity 
and organic facies variations.

Oil seep geochemistry and oil-source rock cor-
relation

The sample of the oil seep found in the Matacea 
Creek show a dominance of saturates (over 65%) over 
aromatics (about 23%) and NSO compounds (around 
10%). GC-MS and GC analyses of the saturates fraction 
revealed the existence of demethylated hopanes and a 
depletion of medium/high molecular weight n-alkanes 
(Figure 8), which indicates that the oil seep has been 
submitted to bidegradation (Peters and Moldowan, 
1993). Nevertheless, the combination of such features 
with the presence of light n-alkanes and the high pro-
portion of saturates might be indicative of a relatively 
frequent recharge of the seep.

Regarding the biomarkers, the Matacea oil seep 
is characterized by a very low relative abundance of 
steranes (steranes/hopanes around 0,1), low proportion 
of tricyclic terpanes, high C24 tetracyclic/C26 tryciclic 
terpanes (over 10) and oleanane/hopane (0,38) ratios, 
low relative abundance of gammacerane and C35 homo-
hopanes, moderate to high proportion of diasteranes, 
dominance of the C29 steranes over their C28 and C27 

counterparts, and low sterane isomerization ratios (C29 

ggg S/S+R= 0,43 and C29 gくく/gくく+ggg= 0,47). Such 
molecular features suggest that such oil is derived 
from a source rock deposited under proximal marine 
suboxic conditions that reached a low to moderate 
level of thermal maturity. Such interpretations must be 
viewed with caution, since the assessment of source 
rock environment, age and thermal maturity through 
oil biomarkers is hampered by the biodegradation. A 
number of molecular parameters such as the steranes/
hopanes, oleanane/hopane, diasteranes/steranes and 
C29 ggg S/S+R steranes ratios can be significantly 
affected (Peter and Moldowan, 1993), depending on 
the degree of alteration and mixture with late pulses 
of recharge.

Oil seep biodegradation also hinders the correlation 
with the organic extracts of the potential source rocks. 
Despite such limitation, a visual inspection of GC-MS 
fingerprints (Figure 8) as well as the cross-plots of 
molecular parameters (Figures 9 and 10) indicates that 
among the analyzed units the Chimborazo Formation 
best correlates with the Matacea oil seep. Both the 
oil and the extracts share a proximal marine suboxic 
depositional character with evidence of a significant 
input of terrigenous organic matter. The relatively 
higher abundance of terrigenous plants markers in the 
oil seep might be a result of biodegradation or indicate 
the existence of more proximal (paludal) facies of the 
Chimborazo Formation, not sampled in this survey.

CONCLUSIONS

•   Bulk analyses indicate that the Chapungo Sequence 
(Late Cretaceous) presents the higher potential to 
generate liquid hydrocarbons, followed by the 
Chimborazo Formation (Eocene). These units are 
immature or have reached the beginning of the “oil 
window” (up to 0,7% Ro) in practically all the stud-
ied samples. Despite the low HI values presented 
by the samples of the Río Guabas Formation (Late 
Cretaceous), the combination of good TOC contents 
and dominance of amorphous organic matter with 
high Tmax values suggest that such samples might 
have originally presented fair to good hydrocarbon 
source yields. Petrographic evidence suggests that 
the heat effect of igneous intrusions account for the 
high maturity of some of the sampled intervals.
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•   Biomarker characteristics of analyzed samples 
indicate that the Chapungo Sequence was de-
posited in a marine suboxic environment with 
variable siliciclastic input and water salinity, the 
Peña Morada Formation under more anoxic condi-
tions, and the Chimborazo Formation in a proximal 
suboxic marine environments with an important 
contribution of terrigenous organic matter. Bulk 
and molecular parameters indicate that Matacea 
Creek seep has been biodegraded, but there is also 
evidence of a relatively continuous recharge of the 
oil at the surface. Biomarker features suggest that 
the oil is derived from a source rock deposited 
under proximal marine suboxic conditions and that 
reached a moderate to low degree level of thermal 
maturity.

•   Although oil seep biodegradation hampers the com-
parison with the organic extracts, biomarker data in-
dicates that the Chimborazo Formation presents the 
best correlation with the Matacea oil seep among the 
analyzed units. The lack of a perfect match between 
the oil seep and the Chimborazo extracts might be 
the result of biodegradation or the existence of more 
proximal facies of the Chimborazo Formation, not 
sampled in this survey.
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