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A
thermal model integrated with an oil and gas geochemical study has been constructed for the Cata-
tumbo Basin, Colombia to provide petroleum system data for hydrocarbon exploration. 

The calibration of the thermal model with maturity data took into account a changing heat flow 
scheme which included a thermal increase towards the end of the Jurassic and another one in the Early 
Eocene, associated with rifting events. 

Locally, active/generating source rocks are within the synclines axes. The hydrocarbon expulsion time for 
Cretaceous source rocks (Capacho and La Luna formations) started in the Upper Paleocene-Eocene, while 
for the Los Cuervos Formation the generation and expulsion started at 10 my. The petroleum expelled during 
the Paleocene-Miocene, were likely accumulated in structures formed since the end of the Cretaceous, while 
the younger structures that resulted from the Andean orogen were charged by remigration from the older 
structures and additionally with the yougest lately generated hydrocarbons. The accumulations of hydrocarbons 
are mainly the result of generation and migration locally within the basin.

The Catatumbo basin contains thermogenic wet gases with different degrees of thermal maturity which var-
ies from around 1,0 to 2,5 equivalent Ro. The highest degree of thermal evolution according to maturity 
indicators and thermal modeling is in the southern area, which is prospective for wet gas. The central and 
northern area appears more prospective for oil with minor amounts of gas.

* To whom correspondence may be addressed

Keywords: organic geochemistry, source rock, crude oil, maturity indicators, thermal modelling.

* To whom correspondence may be addressed



CT&F - Ciencia, Tecnología y Futuro  -  Vol. 3  Núm. 3      Dic. 20078

U
n modelamiento integrado con un estudio geoquímico de gas y aceite ha sido realizado en la cuenca 
del Catatumbo, Colombia con el fin de proveer información para la exploración de hidrocarburos. 

El ajuste del modelo térmico con los datos de madurez fue posible a partir de un esquema de flujo 
de calor cambiante, que incluyó un incremento térmico hacia finales del Jurásico y otro en el Eoceno Tem-
prano, asociados a eventos distensivos. 

Regionalmente, en los ejes de los sinclinales se identificaron pods de roca fuente activa en el presente. Los 
tiempos de expulsión de hidrocarburos para las rocas fuente Cretáceas (Formación Capacho y la Luna), 
inician en el Paleoceno-Eoceno Superior mientras que para la Formación Los Cuervos la generación y 
expulsión inicia hace 10 ma. Las acumulaciones de hidrocarburos se infiere que son el resultado princi-
palmente de generación y migración dentro de la cuenca. La fracción de petróleo expulsado durante el 
Paleoceno-Mioceno posiblemente fue acumulada en estructuras que crecieron desde finales del Cretácico, 
mientras que las estructuras más jovenes resultantes de la orogenia andina se infiere que se han cargado 
con los productos de la remigración desde las estructuras más antiguas y adicionalmente con las últimas 
fracciones de hidrocarburos generadas. 

Los gases de la cuenca Catatumbo son del tipo termogénico húmedos con diferente grado de madurez 
termal que varía desde alrededor de 1,0 hasta 2,5 de Ro equivalente. De acuerdo con el grado de evo-
lución termal, la geoquímica y el modelamiento térmico, se infiere que la región sur es prospectiva para 
gas húmedo y condensado, mientras que el sector central y norte es prospectivo para aceite y cantidades 
menores de gas asociado.

Palabras clave: estudio geoquímico, roca fuente, petróleo crudo, datos de madurez, modelo termal.
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INTRODUCTION

subbasin is 7350 km2

-

-

-

-

Figure 1. Location of the study area and oil fields

AGE
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FORMATION LITHOLOGY THICKNESS
PETROLEUM
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Neogene
FORELAND

BASIN

Guayabo Claystone 0-900 m Overburden

León Shale & Sils. 0-450 m Overburden

Paleogene

Carbonera Ss & Coal 500-700 m Overburden

Mirador Sandstone 30-450 m Reservoir

TRANSITION
STAGE

Los Cuervos Clays.& Sh. 245-490 m Source Rock

Barco Ss & Clays. 150-275 m Overburden

Catatumbo Ss & Clays. 100-300 m Source Rock

C
R
E
TA

C
E
O

U
S

Upper/Late

Mito Juan Sh & Lm. 275-420 m Source Rock

Colon Shale 215-610 m Source Rock

PASSIVE 
MARGIN

La Luna Claystone 30-100 m Source Rock

Capacho Claystone 180-450 m Source Rock

Lower/Early

U
ri

b
a
n
te

g
ro

u
p

Aguardiente Claystone 180-240 m Reservoir

Mercedes Claystone 120-210 m Reservoir

Tibú Claystone 150-210 m Reservoir

pre-Cretaceous RIFTING Basement Basement

Figure. 2. Composite stratigraphic column for Catatumbo Basin
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and the CO2
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-
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present-day maturity of the southeastern portion of the 
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The purpose of this study is to add to the thermal 

-

-

METHODS AND SAMPLING
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DISCUSSION
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57 my in the southern basin and ended 5 million years 
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-

m2

2

Figure 4. Generalized paleo heat flow curve for the study area

Formation / Well Cerrito 1 Tibú 191K Cerro Gordo 3K Río de Oro 14
Sardinata
Norte 2

León - - - -

Carbonera 0,59 - - - -

Mirador 0,68 - - - -

Los Cuervos 0,71 - 0,52 - -

Barco 0,83 - 0,55 0,5 0,52

Mito Juan 1,24 - 0,55 0,63 -

Colón 1,64 0,68 0,64 0,72 -

La Luna 2,70 0,85 1,05 1,15

Cogollo 2,62 0,94 1,22 0,96 -

Aguardiente - 1,14 1,42 1,04 1,37

Mercedes - - 1,48 1,13 1,78

Tibú - - 1,56 1,12 1,99

Table 1. Vitrinite reflectance data

Figure 3. Ro profile for various representive wells
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a study of the temperature data of the bottom of the 

-

-

-
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-
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-

OIL GEOCHEMISTRY

-

Oil entrapped in the Mirador and Carbonera forma-

-

30

of C29 than C27

30 Hopane and C35 34

-

-

30 Hopane 

29 Steranes sig-

Figure. 5. Modelled maturity curves
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Figure 6. Results of the modelling: generation and expulsion of hydrocarbons



CT&F - Ciencia, Tecnología y Futuro  -  Vol. 3  Núm. 3      Dic. 2007

ANTONIO RANGEL

-

30

29 Sterane and 

C35 34

-

Table 2. Modelling Results

LA LUNA FORMATION

AREA WELLS

MATURITY %Ro
EXPULSION
TIME (my)

EXPULSION
INTERVAL (my)

HIDROCARBON
QUANTITY

Observations

Top Botton
Liquid(bbl/

acre*ft)
Gas (pie3/

acre*ft)

Northern Rio de Oro- 14 0,85 0,88 19 19--5 158 184

Center Sardinata-3 1,08 1,13 50 50--5 300 355

Southern Cerro Gordo- 3 1,03 1,09 34 34--5 220 260

Southern Mucurera-3 1,7 1,79 55 55--45   32--5* 125 500
Two expulsion 

pulses

Southern Cerrito-1 1,97 2,12 57 57--50    22--5* 133 430
Two expulsion 

pulses

* The second pulse is mainly gas.

CAPACHO FORMATION

AREA WELLS

MATURITY %Ro

EXPULSION
TIME (my)

EXPULSION
INTERVAL (my)

HIDROCARBON
QUANTITY

Observations

Top Botton
Liquid(bbl/

acre*ft)

Gas
(pie3/

acre*ft)

Catatumbo Rio de Oro- 14 0,88 0,98 34 34--5 190 220

Catatumbo Sardinata-3 1,13 1,38 54 54--5 191 263

Catatumbo Cerro Gordo- 3 1,09 1,3 54 54--5 233 280

Catatumbo Mucurera-3 1,79 2,27 64 64--50   28--5* 155 640

Catatumbo Cerrito-1 2,12 2,56 64 65--52   22--5* 100 550

* The second pulse is mainly gas.

CUERVOS FORMATION

AREA WELLS

MATURITY %Ro

EXPULSION
TIME (my)

EXPULSION
INTERVAL (my)

HIDROCARBON
QUANTITY

Observations

Top Botton
Liquid(bbl/

acre*ft)

Gas
(pie3/

acre*ft)

Catatumbo Mucurera-3 0,7 0,72 12 12--0 14 145

Catatumbo Cerrito-1 0,6 0,62 8 8--0 13 122
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30 hopane 

29 Ster-

anes and C35 34

35 34 Hopane and 

proportion of C27 -

-

sured through the isomerization ratios of the C29 ster-

-

Table 3. Crudes

Well
Reservoir 

Formation/
age

Family
Oil

°API
Sulfur

(%)
Pristane/
Phytane

S/S+R
C29

Steranes

/
 + 
C29

Steranes

C29/C27

Steranes
C35/C34

Hopanes
Oleanane/

Hopane
Ts/
Tm

Tibú 479 Mirador B 18 2,12 0,48 0,82 0,95 0,12 0,37

Río Zulia 
14

Barco A 38 3,14 0,43 0,52 1,31 0,55 0,30 1,05

Río Zulia 
Field

Mirador A 39 0,27 3,22 0,48 0,50 1,21 0,62 0,24 0,96

Tibú Field Barco C 35 0,76 0,90 0,42 0,59 0,82 1,25 0,12 1,50

Carbonera
5K

Barco B 21 0,44 0,51 0,96 0,75 0,13 0,70

Uribante
Field

Uribante-
Aguardiente

C 45 0,14 1,16 0,47 0,61 0,77 1,63 0,16 3,54

Tibú Field Uribante C 43 0,08 1,19 0,38 0,60 0,67 1,30 0,18 4,52

Río de Oro 
Field

Uribante B 44 0,09 1,08 0,51 0,61 0,76 1,70 0,11 5,72

Sardinata
Field

Uribante C 31 0,81 0,95 0,47 0,62 0,74 1,52 0,13 3,93

Carbonera
5K

Mito-Juan B 30 0,94 0,43 0,52 0,92 0,78 0,16 0,79

Petrólea 
Field

Cogollo c 42 0,10 1,19 0,42 0,57 0,75 1,95 0,29 4,50
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Figure 7. Source affinity of the oils of the Catatumbo Basin, based on  redox conditions and organic matter indicators. 
The oils can be split in at least two groups. One group sourced from anoxic algal-rich source rock (probably La Luna-Capacho Formation) 

and other from a more oxic source rock (probably Cuervos Formation).

-

2

1 2+C3
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well 13C1
13C2

13C3
13iC4

13nC4 C1(%) C2(%) CO2(%) C3(%) iC4(%) nC4(%)

Petrolea 
29

-38,9 -25,95 -24,55 -26,04 -24,5 55,76 15,18 6,93 12,47 4,17 5,38

Rio Zulia 
29

-41,74 -30,71 -27,86 -28,88 -28,06 62,47 14,43 4,69 11,55 2,8 3,95

Sardinata
N3k

-41,71 -27,73 -26 -26,86 -25,61 77,47 11,17 4,24 4,61 0,97 1,46

Sardinata
S32k

-38,63 -27,2 -25,18 -26,36 -25,28 90,45 4,42 0,51 2,81 0,8 1

Tibu 4k -43,82 -29,48 -26,66 -27,49 -25,56 45,53 17,63 4,07 17,58 5,13 9,85

Tibu 
191k

-43,32 -28,43 -25,31 -26,7 -24,49 75,86 12,11 3,19 6,32 0,95 1,52

Cerrito 1 -34 -21,62 74,19 11,24 5,26 0,04 0,01 0

Table 4. Molecular and carbon isotope composition of produced natural gases

Figure 8. Genetic gas classification (after Shoell, 1983)

Figure 9. Plot after  Chung, et al., (1988) displaying nonlinearity 
and suggesting mild biodegradation (isotopic enrichment) 

of propane and butane
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Figure 10. Secondary processes according to Prinzhofer & Pernaton, 1977 
and Prinzhofer et al., 2000). The (a) and (b) plots show dominance of 
maturity processes over other secondary processes such as segregative 

migration or biodegradation

-

-

Figure 11. Carbon isotopic ratios crosplots displayng the maturity trends 
according to Whiticar (1994)

EXPLORATORY IMPLICATIONS

-
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-

-

Figure 12. A map showing the Ro (%) and oil expulsion time (my) for the La 
Luna Formation in some representive wells of the basin

Figure 13. Cross section with proposed directions of oil migration after Andean orogeny 
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