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The main objective of this article is to raise a hypothesis to explain the main causes of overpressure in 
the formations of the Tertiary sequence for the stratigraphic column of the Colombian Foothill. For 
this purpose it was conducted an analysis of compaction trends from the Guayabo Formation until 

the unit C8 of the Carbonera Formation; in the area of foreland, where the tectonic affectation has been 
minimal. This analysis integrates the most representative basins modeling and tectono-stratigraphic events 
for such sedimentary sequence. It mapped overpressure areas, comparing them with geological parameters 
such as the subsidence, uplift, heat flow and speeds of sedimentation, to identify relations of these parameters 
with the overpressure of the area.

As the main result, it stresses the identification of different sedimentation and compacting rates for each 
tectono-stratigraphic sequence and its relationship with the overpressure of the formations. These differences 
are represented in specific equations presented in this work.

One of the main conclusions relates the rapid uplift of the basin, occurred in mid Miocene and the lack of 
liberation of stresses; as one of the causes of the pressures that are currently observed.

Keywords: trend of compaction, overpressure, pore pressure, velocity of sedimentation, subsidence, tectono-strati-
graphics events.
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El objetivo principal de este artículo es plantear una hipótesis que explique las principales causas de 
sobrepresión en las formaciones de la secuencia terciaria para la columna estratigráfica del Piede-
monte llanero colombiano. Para este fin se realizó un análisis de las tendencias de compactación 

desde la Formación Guayabo hasta la unidad C8 de la Formación Carbonera, en el área del foreland, 
donde la afectación tectónica ha sido mínima. En este análisis se integro el modelamiento de cuencas y 
los eventos tectono-estratigraficos más representativos para dicha secuencia sedimentaria. Se elaboraron 
mapas de las zonas sobrepresionadas, comparándolas con parámetros geológicos como la subsidencia, 
levantamiento, flujo de calor y velocidades de sedimentación, para identificar relaciones de estos parámetros 
con la sobrepresión del área.

Como principal resultado se destaca la identificación de diferentes tasas de sedimentación y compactación 
para cada secuencia tectono-estratigrafica y su relación con la sobrepresión de las formaciones. Estas dife-
rencias están representadas en ecuaciones específicas que se presentan en este trabajo. 

Una de las principales conclusiones relaciona el rápido levantamiento de la cuenca, ocurrido a mediados 
del Mioceno y la falta de liberación de esfuerzos; como una de las causas de las presiones que se observan 
actualmente.

Palabras clave: tendencia de compactación, sobrepresión, presión de poro, velocidad de sedimentación, subsiden-
cia, eventos tectono-estratigráficos.
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INTRODUCTION 

One of the main problems of instability in the Co-
lombian Foothill is associated with the Cavings' high 
volumes, produced by overpressed shales. For this 
reason is crucial to understand the mechanisms that 
generate the overpressure and quantify its magnitude 
for such formations.

According to the under-compacting theory (Bowers, 
1995); the burial history of clay formations, has direct 
implication in the pressures that these actually present, 
so that the slower is the subsidence rate, the fluids have 
more time to escape and consequently would expect 
lesser pressure values. In the same way, at faster rates 
of subsidence, greater pressures are obtained.

In this paper, we apply the methodology proposed by 
Magara in 1978, which is based on the analysis of the 
normal compaction trends that reflect the speeds of sedi-
mentation associated with the main tectono-stratigraphic 
events occurred in the region. Equations, geohistorical 
models and maps are presented, that represent the behav-
ior of the compaction trends in the Colombian Foothills 
and as a basis for defining future pore pressure profiles 
more consistent with the behavior of the wells and there-
fore more suited to be implemented in geomechanical 
models of subsequent studies.

THEORICAL FRAMEWORK 

Compaction is the phenomenon referring to the loss 
of porous space within a sedimentary body originated by 
the vertical load of the overlying layers, however, there 
are circumstances in which the loss of porosity is the 
result of lateral efforts, explains Terzaghi & Peck (1948).

The normal compaction curve when the speed is 
expressed in logarithmic scale, is a straight line and is 
known as the Normal Trend of Compaction, (i.e., the 
state of balance between the pressure exerted by the 
overlying sediments and the reduction of porous spaces 
by expulsion of fluids (Magara, 1978). (Figure 1).

If the sonic transit time is logarithmically linked 
with the depth in linear scale, the readings towards 
the shales must fall on this straight line, for an area of 

normal compaction (Magara, 1978). The line that cor-
responds to pure and homogeneous shale is expressed 
mathematically in such way in the Equation 1.

Δt = Δt o exp− cz 	 (1)

Where:

Δt is the time of transit (μs / feet) to depth Z (feet), 

Δt is the extrapolated transit time to surface and 

C is a constant (feet-1) which represents the slope 
of the normal train of compaction.

Taking the natural logarithm on both sides, the equa-
tion is obtained 2, (Magara, 1978):
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The ideal behavior, where compaction is flush with 
the pore pressure for a basin that has not been subject 
to uprisings nor a great processes of erosion, assumes 
a theoretical value of transit time (200 µs/ft) for the 
normal trend; (Figure 1a), while in basins with large 
thicknesses eroded, subject to tectonic processes such 
as the basin of the Eastern Plains this value is going to 
be lower. (Figure 1b).

The value of the C slope is proportional to the sedi-
mentation speed. In the case of a relatively slow sedi-
mentation, the grains of the shale have enough time to 
accommodate causing a greater reduction of the porous 
with the burial. On the contrary, if the sedimentation 
speed is very quick, the grains of shale do not have 
enough time to rearrange, resulting in a minor reduc-
tion of the porous with the depth and the slope (C) is 
more vertical that in the previous case (Magara, 1978).

Models used in the compaction study
Burial Model. Through burial curves can observe 

the variations that suffer the formations through the 
geological time, both of depth and pressure (Figure 2a). 

This study identified the main tectono-stratigraphic 
events in the area of study, with the aim of understand 
its relationship with the variations of the compaction 
trends observed in the sonic logs and find an explana-
tion to the overpressure of the area. (Figure 2b)
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Thermal Model. A temperature model is essential 
for the calibration of basins modeling, for this study 
began with the analysis of data of temperatures from 
the wells in the sector (BHT) and was built with the 
data of reflectance of the vitrinite, which is indicative 
of paleotemperature, the heat flow history for the basin 
(Figure 2c) 

Model of pressures. The pressures observed in the 
current formations are the result of the evolutionary 
history of the basins, so that models may be used to 
rebuild the history of paleopressures and understand 
the possible causes of the anomalies that these present 
(Figure 2d). 

Figure 1. Normal compaction sequence characterized by the equation Δt = Δt exp− cz. (Amend of Magara, 1978)

Location of the study area
The study area is located in the Basin of the Eastern 

Plains (Figure 3); it is an asymmetrical basin east of the 
Andes and is part of the Subandean Basins of Antepais 
limited at the West by the Foothill of the Eastern Cordil-
lera, to the East by the Precambrian Shield of Guyana 
and at the South by the Serranía de La Macarena and 
the Arco de Basamento. (Bueno & Mendoza, 2008).

METODOLOGY

For the analysis of compaction of the basin of the east-
ern plains, the following methodology was used. (Figure 4).
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Figure 2. Geohistorical models indicating the strong tectonic activity in the area of the Colombian foothills associated with the uprising of the 
Western Cordillera. (a) Basin's model of burial, (b) subsidence relationship Vs sedimentation speeds, (c) subsidence relationship Vs heat flow,  

(d) model of paleo pressures. Taken from (Bueno & Mendoza, 2008)
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1.	 Gathering of information

	 Based on Ecopetrol's well logs, values of TVD, 
DTs, GR were taken, for analysis of compaction 
trends and geochemical, stratigraphic data, to 
make the evolutionary model and the behavior of 
the pressure in the basin of the Colombian Eastern 
Plains.

2.	 Elaboration of normal trends of compaction

	 Taking into account the most representative wells, 
based on maximum coverage of the sonic log, its distri-
bution in the basin in areal and structural style, the clay 
levels were selected from the Gamma Ray log, then 
proceeded to read the intervals of transit time (Sonic 
log) in terms of depth, in order to build the compaction 
profiles in the selected wells in the foothills and along 
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Figure 2. Geohistorical models indicating the strong tectonic activity in the area of the Colombian foothills associated with the uprising of the 
Western Cordillera. (a) Basin's model of burial, (b) subsidence relationship Vs sedimentation speeds, (c) subsidence relationship Vs heat flow, (d) 

model of paleo pressures. Taken from (Bueno & Mendoza, 2008)

(c)

(d)

the Foreland, identifying those which submitted more 
complete sequences and with higher values of transit 
time on the surface, allowing to trace the normal com-
paction represented by equations (Table 1) following 
the methodology proposed (Magara, 1978).

	 Several wells that would have adequate information 
to determine the Compaction Trends in the Foreland 
area of the Colombian Eastern Plains basin where 
studied. That area represents a normal compaction 

behavior, given geological features such as; minimal 
structural deformation, more complete stratigraphic 
sequences and minimum eroded thickness as pro-
posed by Magara, (1978). 

3.	 Construction of the models used for the overpres-
sure analysis

	 Burial, thermal and pressure models were prepared , 
based on tectonic events, stratigraphic data (targets-
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thicknesses), well data (BTH) and geochemical data 
(vitrinite reflectance), linking the normal trend lines, 
in order to take into account major compaction 
events over time.

4.	 Integration of geohistorical events and its influ-
ence in the pressures behavior 

	 The compaction trend for Cretaceous formations 
reflects a uniform provision due to the high compac-
tion state generated by the burden of the superjacent 

units and the maximum depths reached during the 
burial of the basin, which is evident with a wide 
range of transit time and the advanced diagenesis 
for these formations. (Figure 6).

	 The compaction trend lines for the Paleogene indi-
cate that the sedimentation rates were slow, related 
to the rapid regression and the presence of conti-
nental and transitional deposits, which constitute 
the formations of Barco, Cuervos, Mirador and the 
C8 and C7 members. (Figure 7a). 

Figure 3. Geographical localization of the study area. Cut along the Foreland basin of the Colombian Eastern Plains. The grey circle identifies the 
area with normal behavior of the sedimentation. Amended (Beicip-Franlab, 1995) 
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	 Once defined the Neogene sequence, was noted that 
for the Middle Oligocene-Miocene presented flex-
ural subsidence related by the lifting of the Central 
and Western ridges identified in the geo-historical 
diagram (Figure 2a); at the same time, compression 
is reported in the basin which generates structures 
that caused a greater accommodation space and in-
creased the contribution of sediment. In this period 
was carried out the sedimentation of the sequences 
C6, C5, C4, C3, C2 of Carbonera (Figure 7b).

	 In the sequence of Middle Miocene-Upper Miocene 
(León Formation) was observed the higher slope of 
the trend lines (Figure 7c), with an increase in the 
transit time values as a consequence of the high 
rates of sedimentation and a greater contribution of 
continental sediment generated during this period of 
compression and inversion, which rises the Eastern 
Cordillera. 

COMPACTION ANALYSIS AND 
ITS EFFECT IN THE OVERPRESSURE

NORMAL TREND OF 
COMPACTION 

BASIN MODELING ACTION PLAN

BURIALFORELAND FOOTHILL PROFILES EQUATIONS MAPS

TEMPERATURE RESULTS

CONCLUTIONSPRESSURE

GATHERING OF 
INFORMATION

STUDY AREA

GATHERING OF WELL 
LOG DT, GR, TVD

Figure 4. Methodology use the compaction analysis

Figure 5. (a) Compaction lines for each sequence of Foreland, 
indicating variations in the sedimentation rate. (b) Profile of the normal 

trends for the most complete sequence in the Foreland
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Table 1. Equations for the normal compaction trends for the Colombian Llanero's Foothill. Outlined in the Foreland, linking the main tectono-
stratigraphic events

EON ERA PERIOD NTC

PH
A
N
ER
O
ZO
IC

C
EN
O
ZO
IC

QUATERNARY
GUAYABO AND CHARTE FORMATIONS

• Upper Miocene -Pleistocene
• Transitional changes in the sedimentation environment, base marine facies clay change 
to thicker sediments towards the top.

NEOGENE

LEÓN FORMATION

• Middle Miocene -Upper Miocene
• Changes in the physicochemical properties of shale and fluids contained by this.

CARBONERA FORMATION (C1,C2,C3,C4,C5 and C6)

• Oligocene-Middle Miocene
• Points Dispersion, lithological changes for the same unit.

PALEOGENE

CARBONERA FORMATION (C7 and C8)
MIRADOR FORMATION
BARCO-CUERVOS FORMATION

• Paleocene-Oligocene
• Presence of discrepancy.

	 The Andean deformation during the Upper Miocene-
Pleistocene generated a reversal of the original 
basin, depositing the Guayabo Formation, which 
consists of continental and transitional deposits, 
marked by a more diverse litho logic contribution 
(conglomerates, coarse sands, silt, clay) than the 
León and Carbonera’s sequences. This constitution 
allows the fluid release to be balanced by increasing 
the diagenesis and overloading, leading to a more 
horizontal inclination (Figure 7d) for the compac-
tion profile and thus a more normal pressure.

5.	 Analysis of the overpressure in the basin of the 
Colombian Llanos

	 The compaction trends for the Foreland area and the 
trends found in the Foothills were compared, noting 
that both, in the Foreland and in the foothills existed 
or occured variations in the sedimentation rates 
among the formations which explain the variations in 
pressures found during boreholes  drilling operation.

	 Finally, all the well data and basin modeling were in-
tegrated to support the presence of overpressure in the 

Colombian llanero's foothills, which are represented 
on maps of pressure distribution for the study area.

RESULTS 

The León Formation presented the highest slope 
regarding the compaction trends in the Foreland, inter-
preted as a result of the high sedimentation rates. This 
implies an imbalance between the load of sediments and 
pore fluid expulsion as they were deposited. Confirming 
the findings in the geohistorical diagrams used in this 
investigation and compared with the work of Peñaloza 
& Ramírez, 1993. Which conclude that there is a great 
influence in the lifting of the Eastern Cordillera with 
sedimentation rates in the mid-Miocene. These abnor-
mal pressures were measured with direct data in wells 
of the foothills (Figure 8).

In general, the highest values of the tectonic sub-
sidence for the Plains' basin are presented in the SW, 
because in those areas the lithosphere has suffered 
the most thinning towards the areas with the highest 
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Figure 7. Normal trend for the Neogene formations in the Foreland, 
(a) The normal trend of the Guayabo Formation is observed with 
Charte's formation that represents the lithological change for that 

sequence. (b) Normal trend for the Leon's formation in the Foreland. 
(c) and (d) Normal trend for the Carbonera Formation in the Foreland
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elevation of the mountain chain. Maintained between 
the foreland, shows a decrease in the subsidence values, 
due to the asymmetry of the basin. (Figure 2a).

The highest values of pore pressure and the higher 
subsidence show a trend towards the NE of the Cu-
piagua Field, which clearly correlates with the results 
of the sedimentation rates (Figure 9), heat flow and tec-
tonic subsidence. It is therefore concluded that properly 
framed, the geological model of the area, will allow 
understanding the causes that generate overpressures 
and its direct relationship with these abnormal areas.

CONCLUSIONS

•	 The basins' evolutionary model had a good adjust-
ment with the temperature data measured in wells 



49

COMPACTION TREND AND ITS IMPLICATION IN THE OVERPRESSURES ESTIMATE 

CT&F - Ciencia, Tecnología y Futuro  -  Vol. 4  Núm. 1      Jun. 2010

Figure 7. Normal trend for the Neogene formations in the Foreland, 
(a) The normal trend of the Guayabo Formation is observed with 
Charte's formation that represents the lithological change for that 

sequence. (b) Normal trend for the Leon's formation in the Foreland. 
(c) and (d) Normal trend for the Carbonera Formation in the Foreland

Figure 8.  Pressure tests in the llanero's foothill. The green line 
represents the hydrostatic gradient. In the León Formation were 

observed gradients greater than thehydrostatic

Figure 9. Map that reflects the trends of the overpressured areas in 
the Colombian Llanero's Basin. Based on criteria of Compaction, 

Tectonism and basin evolution
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in the sector, as well as with geochemical data 
(vitrinite reflectance). In this model is highlighted 
the Miocene subsidence event, which generated a 
greater accommodation space and an increase in the 
contribution of sediments, favoring the entrapment 
of formation fluids and making them susceptible to 
overpressure. 
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•	 According to the evolution model generated, the rapid 
uplift of the basin in the middle Miocene did not favor 
the hydrostatic balance of the fluids. Areas that reflect 
paleo pressures can be found in shallower depths as 
is the case of the León Formation in the foothills.

•	 The equations for the compaction trends sug-
gested, allow a better fit when generating profiles 
of pressure in the foothills area, this is due to the 
implementation of the tectono-stratigraphic events, 
tectonic activity and sedimentation rates, which, as 
the investigation showed that these influence the 
generation of abnormal pressure.

•	 The pressure distribution between the areas of the 
foreland and the foothills, allows to conclude that 
the main cause of excess for the column of the 
tertiary, refers to the original sedimentation rate, as 
well as to the lack of hydrostatic balance produced 
by the lifting of the middle Miocene. 

•	 León's formation presents a higher level of pressure 
due to the high sedimentation which is evideced in 
the direct data taken in the study area.

•	 The methodology proposed by Magara, K. 1978, 
coupled adequately to the foreland area where the 
sequences have low erosion and minimum tectonic 
affectation.
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