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Abstract
This study focused on producing maps of Palaeozoic geoforms in the subsoil of a region of the Eastern Planes basin, Colombia. The 
results provide novel Palaeozoic information for the study area suggesting a possible shallow marine depositional environment 
in the Ordovician and a slightly deeper shallow marine environment in the Cambrian. This information was obtained from the 
analysis of both seism stratigraphic sequences and gamma ray well logs and from the seismic interpretation of possible geological 
structures at depth, using a seismic cube, four 2D seismic lines and four wells. The results were complemented with the application 
of the seismic attributes of coherence, variance, RMS amplitude and spectral decomposition to highlight geological characteristics 
such as structures and lithology. The information was integrated and analyzed to generate maps of geoforms corresponding to the 
Middle Ordovician, Lower Ordovician and Cambrian sequences.
Keywords:  Eastern Plains basin, seismic, well logs, seismic attributes, Palaeozoic geoforms.

R esumen
Este estudio se enfocó en producir mapas de geoformas paleozoicas en el subsuelo de una región de la cuenca de los Llanos 
Orientales de Colombia. Aportó resultados innovadores del Paleozoico para el área de estudio que sugieren un posible ambiente 
deposicional marino somero para el Ordovícico, y un ambiente marino somero ligeramente más profundo para el Cámbrico. 
Esto se obtuvo de los análisis tanto de secuencias sismoestratigráficas como de registro de pozo gamma ray, y de la interpretación 
sísmica de posibles estructuras geológicas en profundidad, la cual se realizó mediante el uso de un cubo sísmico, cuatro líneas 
sísmicas 2D y cuatro pozos. Estos resultados se complementaron con la aplicación de los atributos sísmicos de coherencia, va-
rianza, amplitud RMS y descomposición espectral para resaltar características geológicas como estructuras y litología, con el fin  
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1.  IntroductIon

Seismic exploration is a geophysical method that consists in ge-
nerating elastic waves that propagate and reflect in a medium 
to determine the shape, composition and distribution of diffe-
rent lithological units at various depths (Telford et al., 1990).

This method has become an indispensable tool for obtai-
ning information from the subsoil. In the Eastern Plains of Co-
lombia, the The high density of information concerning the 
Cenozoic and Mesozoic area collected by the ANH [Agencia 
Nacional de Hidrocarburos] and the Universidad Nacional de 
Colombia is due to the hydrocarbon potential in the Eastern 
Plains of Colombia (Villamizar and Castillo, 2016).

Nevertheless, the Palaeozoic era has been little studied in 
Colombia (Suárez and Solano, 2012). Among the most relevant 
work is that of Martínez-González (2008), in which the cha-
racterization of different geological events of the sub-Andean 
basins in the Palaeozoic stands out. This project aims to contri-
bute to these studies with different analyses of the geophysical 
information found (through 2D-3D seismic and well logs) in 
a region located southeast of the Eastern Plains basin (Figu-
re 1). This was possible particularly because the seismic data 
used for this project were reprocessed to highlight elements of 
Palaeozoic formations in the deepest section; however, it is im-
portant to mention that the decrease in seismic resolution at 
greater depths made it difficult to interpret the different geolo-
gical elements in detail.

This study was developed based on the interpretation of 
geological structures in a seismic cube, which was assessed by 
seismostratigraphic, electrofacial (Schlumberger, 1981) and 
sequential analyses of wells in the Palaeozoic section. Finally, 
the seismic attributes of coherence, spectral decomposition, 
variance and RMS amplitude were integrated into the seis-
mic interpretation of structures (Brown, 1996), stratigraphies 
and lithologies (Chopra and Marfurt, 2007). As a result, the 
evaluation, integration and analysis allowed the generation 
of geoform maps with geological information on the sedi-
mentation environments in the study area (Esquivel, 2020). 
Interpretations were performed for the Palaeozoic sequences  

corresponding to the Middle Ordovician, Lower Ordovician 
and Cambrian periods.

2.  geologIcal framework

The Eastern Plains basin a low relief region located to the east 
of the Eastern Cordillera. It is characterized as a foreland due 
to its geometry and is limited by the Guaicáramo fault system 
to the west and by the Guyana Shield to the east.

The formation of the Eastern Plains basin results from di-
fferent tectonic and sedimentary processes throughout geolo-
gical time. At the beginning of the Palaeozoic, in the Cambrian 
period, a divergent passive margin contributed to the forma-
tion of an epicontinental basin. Due to the normal faults gene-

de integrar al análisis de la información y generar mapas de geoformas correspondientes a las secuencias Ordovícico medio, Or-
dovícico inferior y Cámbrico.
Palabras clave:  cuenca de los Llanos Orientales, sísmica, registros de pozo, atributos sísmicos, geoformas paleozoicas.
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Figure 1.  Location of the study area in the Eastern Plains basin in Colombia
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rated by this event, a partial collapse occurred in which clastic 
and silicoclastic successions were deposited due to an increase 
in sea level (Cediel, 2019).

Then, at the beginning of the Ordovician, the Caparonensis 
orogeny was produced due to a retroarch accretion between 
Laurasia and Gondwana. During this event, high rates of sub-
sidence, land accretions and fault inversions occurred in the 
previously filled partial collapse. These events caused exten-
sive deposition of transgressive marine sequences, formed by 
intercalations of shales and sandstones (Cediel, 2019). During 
the Silurian, the process followed an extensional regime and 
continued a compressional regime in which the oceans began 
to close to form Pre-Pangea (Martínez-González, 2008).

At the end of the Devonian and the beginning of the Car-
boniferous, a marine transgression occurred with claystone, 
sandstone and limestone sediments. Subsequently, a compres-
sional event occurred due to the Hercynian orogeny, which 
raised the sub-Andean basins and exposed them to erosive 
events. At the end of the Carboniferous, this same orogeny led 
to the assembly of Pangea due to the collision of Gondwana 
with Laurasia (Martínez-González, 2008).

3.  data and methods

The seismic and geophysical information used for this project 
was provided by the Colombian Geological Service (SGC) (Fi-
gure 2) and consisted of a) a 297 km2 3D seismic block with 
prestack time migration (PSTM) seismic processing; b) four 
seismic lines (35.5 km, 77 km, 60 km and 33 km); and c) four 
wells with a set of basic records.

The methodology used in the present study was based on 
the integration of available information. Initially, a bibliographic 
compilation was carried out on the geology of the study area, 
focused on stratigraphy (Annex 1) and structural events that 
affected the Eastern Plains region (Ecopetrol and Beicip, 1995; 
Lozano and Zamora, 2014; Sarmiento, 2011). Additionally, the 
information available in the well reports used was analysed.

Subsequently, the geophysical data interpretation softwa-
re PETREL, version 2017, was used to analyse the data provi-
ded (Appendix 2). The seismic and well logs were loaded into 
this software and correlated with synthetic seismograms fo-
llowing the methodology described by Beltrán Jiménez (2015) 
(Appendix 2.1); the results correlate the seismic lines with the 
distribution of reported geological formations at depth in the 
wells with the seismic data. It is important to mention that 2D 
seismic lines and wells 1 and 2 were used only as control for-
mations near the study area. The methods for analysing this 
information consisted of the following:

 » Sequence stratigraphy, according to the methodology des-
cribed by Stuart et al. (2014): Discontinuities and stratigra-
phic cycles were defined based on the fall and rise of the 
eustatic curve.

 » Seismo-stratigraphy or stratigraphy, according to the me-
thodology proposed by Vail et al. (1977) and Mitchum et al. 
(1977): Seismic sequence limits and unconformities were 
identified.

 » Seismofacies analysis, according to the methodology des-
cribed by Sangree and Widmier (1977), allowed the gene-
ration of AB/C maps.

Finally, the seismic attributes of coherence, spectral de-
composition, RMS amplitude and variance were applied to the 
top of each sequence corresponding to the Palaeozoic (Neidell 
and Tanner, 1971). The results of these attributes were inte-
grated with the information previously analysed to obtain the 
distribution of geoforms in the study area.Figure 2.  Distribution of 2D, 3D and well seismic information
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4.  results

4.1. Sequence stratigraphy
For the sequential analysis, the GR (gamma ray) and resistive 
logs were used only from well 3 because it was within the seis-
mic block, and well 4 did not provide information associated 
with the Palaeozoic. Three demarcated surfaces of maximum 
flooding (SMF) were identified from the GR log data from well 
3; thus, we obtained the information illustrated in Figure 3, 
which was constructed based on the interpreted data (without 
including the information found in the Guayabo formation, 

which was not taken into account for this study). It is impor-
tant to mention that sequence B was divided into inferior and 
superior due to a slight change in treatment from high to low 
transgressive levels. However, because the interval of interest 
was in the Palaeozoic, the interpretation corresponding to that 
marker was performed (Figure 4).

The marker corresponding to the top of the Palaeozoic, 
well C sequence, has a limit close to 443 Ma and is biostrati-
graphically dated as belonging to the Ordovician (according to 
reports from well 3). Under this surface, an event is identified 
that shows a decrease in the A/S (deposition/sediment) ratio; 

Figure 3.  Stratigraphic analysis based on base-level changes for well 3

Figure 4.  Stratigraphic analysis based on base level changes in the Palaeozoic for well 3
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the event is limited towards the base, with a surface of maxi-
mum flooding, and towards the top, with a surface of uncon-
formity. Figure 4 shows prograding patterns corresponding to 
a high-level treatment (HST) that according to the electrofacial 
analysis, is associated mainly with a shallow marine environ-
ment. On this marker, an event corresponding to a low-level 
treatment (LST) is recorded; the event shows retrograde pat-
terns and an increase in the A/S ratio, with the top limited by 
a surface of maximum flooding, corresponding to a treatment 
transgressive level (TST).

4.2. Seismo-stratigraphy
Six horizons corresponding to six seismic sequences were identi-
fied for the study area, as shown in Figure 5. Of these six sequen-
ces, for the Palaeozoic, three seismic sequences corresponding 
to the Middle Ordovician, Lower Ordovician, and Cambrian 
were found along with the basement (sequences C, D, E and F, 

respectively). For the age correlations in the seismic data, the 
palynological data from the final reports of well 3 (Appendix 
3.2.), which were drilled up to the top of sequence C, were used; 
the lower sequences were defined based on interpretation.

The interpretations of seismic sequences C, D, E and F 
are shown, organized from youngest to oldest. Different be-
haviours were found in the reflectors to the north and south 
of the seismic block; for this reason, detailed descriptions are 
provided for sequences C, D and E.

4.2.1. Seismic sequence C
Seismic sequence C, presented in Table 1, corresponds to Pa-
laeozoic formations whose base horizon is 470 Ma and whose 
top is 443 Ma. That is, it corresponds to Medium to Late Or-
dovician units according to the biostratigraphic dating of well 
3. In addition, the thicknesses are preserved throughout the 
study area.

Figure 5.  Sequences established for the study area (Inline: 650)
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4.2.2. Seismic sequence D
Seismic sequence D, presented in Table 2, was associated with 
Palaeozoic formations whose base horizon is at 488 Ma and its 
top at 471 Ma, that is, with Early Ordovician units. The reflec-
tors of this sequence are characterized by preserving thicknes-
ses throughout the seismic block.

4.2.3. Seismic sequence E
Seismic sequence E, presented in Table 3, was related to Pa-
laeozoic formations whose base horizon is at 542 Ma and top 
is at 488.3 Ma; that is, to Cambrian units. It presents reflectors 
with subparallel, wavy, interrupted, contorted and chaotic con-
figurations.

Table 1.  Results of the seismic facies analysis for sequence C
Sequence Seismofacies Internal configuration Example

Sequence C

CC/
P to subparallel

The reflectors are parallel, continuous 
and have moderately high amplitudes and 

frequencies.

−1200

−1400

−1600

−1800

t (ms)

Seismic facies corresponding to the southern part of the study area (Inline: 72481).

CD/W
The reflectors are wavy and interrupted 

with moderate amplitudes and high 
frequencies.

−1250

−1500

−1750

−2000

t (ms)

Downlap

Seismic facies corresponding to the northern part of the study area (Inline: 1019251).

 C: concordant; D: downlap; W: wavy

Table 2.  Results of the seismic facies analysis for sequence D
Sequence Seismofacies Internal configuration Example

 Sequence D

CC/P to subparallel
The reflectors are continuous and have 
moderately strong amplitudes and high 

frequencies.

−1800

−2000

−2200

t (ms)

Seismic facies corresponding to the southwestern part of the study area (Inline: 148736).

Top-C/W The reflectors have moderately high 
amplitudes and frequencies, with chaotic 

and contorted undulations.

−2500

−3000

−3500

t (ms)

Toplap

Seismic facies corresponding to the northwestern part of the study area (Inline: 979991).

 C: concordant; D: downlap; W: wavy; Top: toplap.
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4.2.4. Sequence F
Sequence F, presented in Table 4, was related to formations 
whose top horizon is at 542 Ma and base age is < 542 Ma, i.e., 
Precambrian units associated with the basement. This sequen-
ce presents reflectors with low amplitudes and a chaotic con-
figuration, without continuity and with little coherence. Their 
endings in the lower part are concordant, and in the upper 
part, they can be interpreted as truncations.

4.3. Interpretation of faults
The interpretation of faults was performed for the entire seis-
mic block. Figure 6 shows the fault corresponding to Inline 650 
with simple amplitude processing (ABS), which consists of the 
calculation of the absolute value of the trace and is used to hi-
ghlight structural events.

Figure 6 also shows a system of inverse faults, predominant 
in the Palaeozoic, with some reaching Cenozoic formations. The 
faults present have dips in the north-western and south-eastern 
directions and extend to Precambrian ages. For sequence C, the-
se reverse faults predominate in the northern zone of the seismic 
cube, while in sequences D and E, they are identified towards 
the central and southern zones of the seismic cube (Annex 3.1.).

Table 3.  Results of the seismic facies analysis for sequence E
Sequence Seismofacies Internal configuration Example

Sequence E CC/W
The reflectors are presented in a 

subparallel, contorted and chaotic form 
with moderately low amplitudes and 

medium frequencies.

−2500

−3000

−3500

t (ms)

Seismic facies corresponding to the centre of the study area (Inline: 449226).

 C: concordant; W: wavy.

Table 4.  Results of the seismic facies analysis for sequence F
Sequence Seismofacies Internal configuration Example

Sequence F TC/chaotic  The reflectors are presented in a 
subparallel, chaotic and noncoherent way.

−4000

t (ms)

Toplap

 Seismic facies corresponding to the centre of the study area (Inline -520951).

4.4. Seismic attributes
The seismic attributes were applied with the objective of 
knowing the distribution of the stratigraphic and structural 
elements for the study area (Chen and Sidney, 1997; Tanner, 
2001). In general, they allowed the identification of lithologies, 
channels and faults (Table 5).

These attributes were calculated on the interpreted seismic 
horizons, which correspond to the caps of seismic sequences C, 
D and E and can be visualized as maps. The results are shown 
in Figures 7, 8 and 9.

The RMS coherence and amplitude attributes for this study 
allowed us to identify stratigraphic elements, lithologies and 
channels. On the other hand, the attributes of spectral decom-
position and variance facilitated the interpretation of some 
channels, sinuosity and faults only for sequence C, since for 
deeper sequences, structural elements were not clearly recog-
nized. In this way, a difference in behaviour was recorded be-
tween the north-eastern and southwestern zones of the seismic 
block for sequences C and D; therefore, a distinction was made 
for these sequences in these zones. The results of these inter-
pretations are presented in Table 5.
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In the lower part of the figure, the wells in the seismic cube 
are shown. Well 3 provided the biostratigraphic data correspon-

Sequence C

Figure 7.  Attributes of a) coherence, b) spectral decomposition, c) RMS amplitude and d) variance for the top of sequence C (Middle Ordovician horizon)

ding to the Palaeozoic, with reference to the seismostratigraphic 
units of well 1 with Line 1 (left) and well 3 with Inline 650 (right).
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Sequence D

Figure 8.  Attributes of a) coherence, b) spectral decomposition, c) RMS amplitude and d) variance applied to the top of sequence D (Lower Ordovician horizon).
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Sequence E

Figure 9.  Attributes of a) coherence, b) spectral decomposition, c) RMS amplitude and d) variance applied to the top of the sequence E (lower Ordovician horizon).

Deep marine 
deposits

Deep marine 
deposits

Deep marine 
deposits Deep marine 

deposits

a

c

b

d

Coherence
Seismic (default)

RMS amplitude 
Seismic (default)

Variance
Seismic (default)

Generalized spectral decomposition
Seismic (default)

XL 103

XL 3

XL 103

XL 3

XL 203

XL 203

XL 303

XL 303

XL 403

XL 403

XL 503

XL 503

XL 603

XL 603

IL 1303

IL 1203

IL 1103

IL 1003

IL 903

IL 603

IL 503

IL 403

IL 303

IL 203

IL 103

IL 3

IL 803

IL 1303
1.00

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

IL 1203

IL 1103

IL 1003

IL 903

IL 603

IL 503

IL 403

IL 303

IL 203

IL 103

IL 3

IL 803

IL 703

IL 703

XL 703

XL 703

XL 101

XL 101

XL 1

XL 201

XL 201

XL 301

XL 301

XL 401

XL 401

XL 501

XL 501

XL 601

XL 601

IL 1301

IL 1201

IL 1101

IL 1001

IL 901

IL 601

IL 501

IL 401

IL 301

IL 201

IL 101

IL 1

IL 801

IL 1301

IL 1201

IL 1101

IL 1001

IL 901

IL 601

IL 501

IL 401

IL 301

IL 201

IL 101

IL 1

IL 801

IL 701

IL 701

XL 701

XL 701

8.00

6.00

4.00

2.00

0.00

−2.00

−4.00

−6.00

−8.00

XL 101

XL 101

XL 1

XL 201

XL 201

XL 301

XL 301

XL 401

XL 401

XL 501

XL 501

XL 601

XL 601

IL 1301

IL 1201

IL 1101

IL 1001

IL 901

IL 601

IL 501

IL 401

IL 301

IL 201

IL 101

IL 1

IL 801

IL 1301

IL 1201

IL 1101

IL 1001

IL 901

IL 601

IL 501

IL 401

IL 301

IL 201

IL 101

IL 1

IL 801

IL 701

IL 701

XL 701

XL 701

1.00

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

XL 101

XL 101

XL 1

XL 201

XL 201

XL 301

XL 301

XL 401

XL 401

XL 501

XL 501

XL 601

XL 601

IL 1301

IL 1201

IL 1101

IL 1001

IL 901

IL 601

IL 501

IL 401

IL 301

IL 201

IL 101

IL 1

IL 801

IL 1301

IL 1201

IL 1101

IL 1001

IL 901

IL 601

IL 501

IL 401

IL 301

IL 201

IL 101

IL 1

IL 801

IL 701

IL 701

XL 701

XL 701

XL 378

3.50
3.25
3.00
2.75
2.50
2.25
2.00
1.75
1.50
1.25
1.00
0.75
0.50
0.25
0.00

XL 1



Esquivel / Villamizar / Molina

52 B o l e t í n  G e o l ó g i c o  4 9 ( 1 )

5.  dIscussIon

Inverse faults in the north-eastern to southwestern direction 
predominate in the northern zone of the seismic block for se-
quence C and throughout the block for sequences D and E. 
These structural elements are related to the events reported in 
the literature, which indicate a rifting at the end of the Prote-
rozoic and early Cambrian, which produced a partial collapse 
with normal faults that were reactivated in the Palaeozoic due 
to compressive events (Cediel, 2019) that generated a failure 
inversion. These were extended to more superficial sequences 
because they are areas of structural weakness.

For sequence C, which is associated with the Middle Ordo-
vician according to palynological data, the stratigraphy of se-
quences showed a drop in sea level due to the presence of mu-
ddy lithologies with sands. On the other hand, the analysis of 
seismic facies determined different behaviours in the reflectors 
in the north-eastern and southwestern areas could be related 
to the locations of the faults found in the seismic block. Finally, 
the seismic attributes provided information on the distribution 
of lithologies, where muddy and sandy sediments associated 
with the intertidal channels were identified. These characte-
ristics would seem typical of a shallow marine sedimentation 
environment (Serra, 1984).

For sequence D, which was interpreted in this project as 
Lower Ordovician based on the analysis of seismic facies, di-
fferent behaviours were recorded in the north-eastern and sou-
thwestern areas of the seismic block, which are associated with 
faults in these areas. The seismic attributes of this sequence 
indicated mostly muddy lithological distributions with sma-
ll sand lenses towards the centre of the block associated with 
apparent sinuosity of intertidal channels in a shallow marine 
environment. Lithologies were recognized from the characte-
ristics provided by the seismic attributes mentioned in Table 5.

For sequence E, which was interpreted in this project as 
Cambrian, the analysis of seismic facies recognized a similar 
behaviour for the entire seismic block, which may be due to 
the decreased presence of faults compared to more superficial 
sequences or the decrease in the vertical resolution at depth, 
which could prevent the clear visualization of elements (She-
riff, 1997). On the other hand, the seismic attributes indicate 
high lithological similarities associated with sludge. This in-
terpretation and the drop in sea level towards the Middle Or-
dovician corresponding to sequence C indicate for sequence E 
a shallow marine sedimentation environment that is slightly 
deep (Serra, 1984).

6.  conclusIons

The analysis of sequential stratigraphy based on information 
from wells and 2D and 3D seismic data facilitated an unders-
tanding of the stratigraphic and structural elements of the 
study area for the Palaeozoic interval. Therefore, it was pos-
sible to interpret a shallow marine depositional environment 
that was somewhat deep in the Cambrian and a shallower ma-
rine environment in the Lower Ordovician. These results pro-
vide innovative geological information for this period in the 
study area.

The analysis of seismic facies for seismostratigraphic se-
quences C, D, E and F showed differences in behaviours be-
tween the northeastern and southwestern zones of sequences 
C and D.

The seismic attributes applied to the 3D seismic informa-
tion (coherence, RMS amplitude, spectral decomposition and 
variance) turned out to be a very useful tool to find the distri-
bution of lithologies and faults and associate them with geolo-
gical events. In the Cambrian, mudstones and claystones from 
slightly deep and shallow marine environments predominate; 

Table 5.  Results and interpretation of the seismic attributes applied
Seismic attribute

Sequence
Coherence Spectral decomposition

Amplitude
RMS

Variance Interpretation

Sequence C

NW High similarity.
Low frequencies with the 

presence of segments with 
moderate to high frequencies.

Low energy,
porosities and amplitudes.

Low correlations with segments 
of moderate correlations.

Deposits of clayey and muddy 
lithologies.

Failures.

SE Moderate to low wavy 
morphologies.

High frequencies in the wave 
morphology.

High energies,
porosities and amplitudes in 

the wave morphology.

Low correlations with the 
presence of high correlations 

that demarcate the wave 
bodies.

Sedimentation of muddy 
lithologies with sand 

intercalations.
Channels.

Sequence D
NW High similarity.

Low frequencies with the 
presence of segments with 

moderate frequencies.
Low energies, porosities and 

amplitudes. High correlations. Deposits of clayey and muddy 
lithologies.

SE Moderate values of 
similarity.

Moderate to low frequencies for 
wavy patterns.

Moderate to low energies, 
porosities and amplitudes. Moderate to high correlations. Sinuosities of clayey and 

muddy lithologies.

Sequence E High similarities. Low frequencies. Low energy,
porosities and amplitudes. High correlations. Deposits of clayey and muddy 

lithologies.
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in the Lower to Middle Ordovician, there was a transition in 
which intertidal channels of muddy and clayey lithologies were 
presented with fine sandy bodies related to shallower marine 
environments towards the southwest.

Based on these attributes, maps of geoforms were obtai-
ned (Appendix 3.3.) This facilitated the understanding of the 
distribution of lithological deposits in the study area. Howe-
ver, the interpretation of the attributes was not as detailed for 
seismic-stratigraphic sequences D and E as it was for the other 
sequences because the seismic resolution at these depths did 
not facilitate the recognition of all structural and stratigraphic 
elements.

Further geophysical studies, such as reach greater depths, 
provide more direct information, achieve greater analytical 
detail, and reduce the uncertainty about the composition of 
seism-stratigraphic sequences D and E.

This study provides innovative geophysical information in 
the study area, which has some potential for hydrocarbon ex-
ploration; since the study is focused on the Palaeozoic era and 
was conducted within a historically hydrocarbon-rich basin, 
geoforms were found that had not been identified.

7.  supplementary data

Supplementary data for this article can be found online at  
https://doi.org/10.32685/0120-1425/bol.geol.49.1.2022.557

acknowledgements

We thank the Servicio Geológico Colombiano for allowing the 
use of information and its technical contributions for the deve-
lopment of this thesis project. Additionally, we thank the peer 
reviewers chosen by the Boletín Geológico for enhancing the 
document and the research with their suggestions.

references

Agencia Nacional de Hidrocarburos (ANH), & Universidad 
Nacional de Colombia. (2010). Plan de cubrimiento sísmi-
co. Vol. 1 and 2. https://www.anh.gov.co/Informacion-Geo-
logica-y-Geofisica/Metodos-de-Visualizacion/Paginas/
PLAN-DE-CUBRIMIENTO-S%C3%8DSMICO.aspx

Beltrán Jiménez, V. F. (2015). Metodologías para la elaboración 
de un sismograma sintético y estimación de las propiedades 
petrofísicas del pozo U [Undergraduate thesis]. Instituto Po-

litécnico Nacional, México D. F. https://tesis.ipn.mx/bits-
tream/handle/123456789/14962/Metodolog%c3%adas%20
para%20la%20elaboraci%c3%b3n%20de%20un%20sismo-
grama%20sint%c3%a9tico%20y%20estimaci%c3%b3n%20
de%20las%20propiedades%20petrof%c3%adsicas%20
del%20pozo%20U.pdf?sequence=1&isAllowed=y

Brown, A. (1996). Seismic attributes and their classification. 
The Leading Edge, 15(10), 1090.

Cabañas, W. M. (1996). Interpretación geológica de sismogra-
mas sintéticos. Un ejemplo aplicado al sondeo río Segura 
G-1. Geogaceta, 20(1), 153-156.

Cediel, F. (2019). Phanerozoic orogens of northwestern South 
America: Cordilleran-type orogens. Taphrogenic tectonics. 
The Maracaibo orogenic float. The Chocó-Panamá inden-
ter. En F. Cediel & R. P. Shaw (eds.), Geology and tectonics 
of northwestern South America (pp. 3-95). Springer. https://
doi.org/10.1007/978-3-319-76132-9_1

Chen, Q., & Sidney, S. (1997). Seismic attribute technology for 
reservoir forecasting and monitoring. The Leading Edge, 
16(5), 445-448.

Chopra, S., & Marfurt, K. J. (2007). Seismic attribute for pros-
pect identification and reservoir characterization. SEG Li-
brary.

Ecopetrol y Beicip. (1995). Estudio geológico regional. Cuenca 
de los Eastern Plains.

Esquivel Arenales, L. C. (2020). Interpretación de geoformas 
palaeozoicas en una localidad de los Eastern Plains en Co-
lombia aplicando atributos sísmicos [Undergraduate thesis]. 
Universidad de los Andes. https://repositorio.uniandes.
edu.co/handle/1992/49259

Schlumberger Oilfield Glossary. (2020). Recuperado en abril 
de 2020. https://glossary.oilfield.slb.com

Hubach, E. (1957). Contribución a las unidades estratigráficas 
de Colombia. Informe 1212. Servicio Geológico Nacional. 
Bogotá.

Lozano, E., & Zamora, N (2014). Compilación de la cuenca de 
los Eastern Plains. Anexo 1. Servicio Geológico Colombiano.

Martínez-González, J. A. (2008). Síntesis estructural del Palaeo-
zoico en las cuencas subandinas. Asociación Colombiana de 
Geólogos and Geofísicos del Petróleo (ACGGP).

Mitchum, R., Vail, P., & Thompson, S. (1977). The depositional 
sequence as a basic unit for stratigraphic analysis: Memoir 
26 Seismic Stratigraphy – Applications to hydrocarbon ex-
ploration. America Association of Petroleum Geologists 
Bulletin, 1, 53-62.

https://doi.org/10.32685/0120-1425/bol.geol.49.1.2022.557
https://www.anh.gov.co/Informacion-Geologica-y-Geofisica/Metodos-de-Visualizacion/Paginas/PLAN-DE-CUBRIMIENTO-S%C3%8DSMICO.aspx
https://www.anh.gov.co/Informacion-Geologica-y-Geofisica/Metodos-de-Visualizacion/Paginas/PLAN-DE-CUBRIMIENTO-S%C3%8DSMICO.aspx
https://www.anh.gov.co/Informacion-Geologica-y-Geofisica/Metodos-de-Visualizacion/Paginas/PLAN-DE-CUBRIMIENTO-S%C3%8DSMICO.aspx
https://tesis.ipn.mx/bitstream/handle/123456789/14962/Metodolog%c3%adas%20para%20la%20elaboraci%c3%b3n%20de%20un%20sismograma%20sint%c3%a9tico%20y%20estimaci%c3%b3n%20de%20las%20propiedades%20petrof%c3%adsicas%20del%20pozo%20U.pdf?sequence=1&isAllowed=y
https://tesis.ipn.mx/bitstream/handle/123456789/14962/Metodolog%c3%adas%20para%20la%20elaboraci%c3%b3n%20de%20un%20sismograma%20sint%c3%a9tico%20y%20estimaci%c3%b3n%20de%20las%20propiedades%20petrof%c3%adsicas%20del%20pozo%20U.pdf?sequence=1&isAllowed=y
https://tesis.ipn.mx/bitstream/handle/123456789/14962/Metodolog%c3%adas%20para%20la%20elaboraci%c3%b3n%20de%20un%20sismograma%20sint%c3%a9tico%20y%20estimaci%c3%b3n%20de%20las%20propiedades%20petrof%c3%adsicas%20del%20pozo%20U.pdf?sequence=1&isAllowed=y
https://tesis.ipn.mx/bitstream/handle/123456789/14962/Metodolog%c3%adas%20para%20la%20elaboraci%c3%b3n%20de%20un%20sismograma%20sint%c3%a9tico%20y%20estimaci%c3%b3n%20de%20las%20propiedades%20petrof%c3%adsicas%20del%20pozo%20U.pdf?sequence=1&isAllowed=y
https://tesis.ipn.mx/bitstream/handle/123456789/14962/Metodolog%c3%adas%20para%20la%20elaboraci%c3%b3n%20de%20un%20sismograma%20sint%c3%a9tico%20y%20estimaci%c3%b3n%20de%20las%20propiedades%20petrof%c3%adsicas%20del%20pozo%20U.pdf?sequence=1&isAllowed=y
https://tesis.ipn.mx/bitstream/handle/123456789/14962/Metodolog%c3%adas%20para%20la%20elaboraci%c3%b3n%20de%20un%20sismograma%20sint%c3%a9tico%20y%20estimaci%c3%b3n%20de%20las%20propiedades%20petrof%c3%adsicas%20del%20pozo%20U.pdf?sequence=1&isAllowed=y
https://doi.org/10.1007/978-3-319-76132-9_1
https://doi.org/10.1007/978-3-319-76132-9_1
https://repositorio.uniandes.edu.co/handle/1992/49259
https://repositorio.uniandes.edu.co/handle/1992/49259
https://glossary.oilfield.slb.com


Esquivel / Villamizar / Molina

54 B o l e t í n  G e o l ó g i c o  4 9 ( 1 )

Neidell, N., & Tanner, M. (1971). Semblance and other cohe-
rency measures for multichannel data. Geophysics, 36(3), 
482-497. https://doi.org/10.1190/1.1440186

Parra, M., Mora, A., Jaramillo, C., Torres, V., Zeilinger, G., & 
Strecker, M. R. (2010). Tectonic controls on Cenozoic fo-
reland basin development in the north-eastern Andes, 
Colombia. Basin Research, 22(6), 874-903. https://doi.or-
g/10.1111/j.1365-2117.2009.00459.x

Sangree, J., & Widmier, J. (1977). Seismic stratigraphy and glo-
bal changes of sea level: Part 9. Seismic interpretation of 
clastic depositional facies: Section 2. Application of seismic 
reflection configuration to stratigraphic interpretation. In 
Seismic Stratigraphy, Applications to hydrocarbon Explora-
tion. Memoir 26. America Association of Petroleum Geo-
logists Bulletin. https://archives.datapages.com/data/spe-
cpubs/seismic1/data/a165/a165/0001/0150/0165.htm

Sarmiento, L. F. (2011). Llanos Basins. (Vol. 9). Universidad 
EAFIT.

Sheriff, R. E. (1997). Seismic resolution a key element.
Schlumberger Limited. (1981). Principios/aplicaciones de la in-

terpretación de registros de pozo Schlumberger. Schlumber-
ger Educational Services.

Serra, O. (1984). Análisis de ambientes sedimentarios mediante 
perfiles de pozo. Schlumberger.

Stuart, J., Mountney, N., Mccaffrey, W., Lang, S., & Collinson, 
J. (2014). Prediction of channel connectivity and fluvial 
style in the flood-basin successions of the Upper Permian 
Rangal coal measures (Queensland). AAPG Bulletin, 98(2), 
191-212. https://doi.org/10.1306/06171312088

Suárez, H., & Solano Y. (2012). El Palaeozoico en los Eastern 
Plains de Colombia: una ventana en la búsqueda de fuentes 
de Hidrocarburos. Revista GEO Petróleo, 14, 8-11.

Tanner, M. T. (2001). Seismic attributes. CSEG Recorder, 
26(07), 48-56. 

Telford, W. M., Telford, W. M., Geldart, L. P., Sheriff, R. E., & 
Sheriff, R. E. (1990). Applied geophysics. Cambridge Uni-
versity press.

Vail, P. R., Mitchum Jr, R. M., & Thompson III, S. (1977). Seis-
mic stratigraphy and global changes of sea level: Part 3. 
Relative changes of sea level from Coastal Onlap: section 
2. In Seismic Stratigraphy — Applications to Hydrocarbon 
Exploration, Vol. 26 American Association of Petroleum 
Geologists. https://doi.org/10.1306/M26490

Villamizar, F. J., & Castillo, L. A. (2016). Análisis sismoestrati-
gráfico y secuencial del sector suroeste de la cuenca de los 
Eastern Plains (Colombia). Boletín de Geología, 38(3), 55-
69. http://dx.doi.org/10.18273/revbol.v38n3-2016004

https://doi.org/10.1190/1.1440186
https://doi.org/10.1111/j.1365-2117.2009.00459.x
https://doi.org/10.1111/j.1365-2117.2009.00459.x
https://archives.datapages.com/data/specpubs/seismic1/data/a165/a165/0001/0150/0165.htm
https://archives.datapages.com/data/specpubs/seismic1/data/a165/a165/0001/0150/0165.htm
https://doi.org/10.1306/06171312088
https://doi.org/10.1306/M26490
http://dx.doi.org/10.18273/revbol.v38n3-2016004

	Interpretation of Palaeozoic geoforms with the use of seismic attributes in a region of the Eastern Plains, Colombia
	Interpretación de geoformas paleozoicas con el uso de atributos sísmicos en una localidad de los Llanos Orientales, Colombia
	Abstract
	Resumen
	1. Introduction
	2. Geological framework
	3. Data and methods
	4. Results
	4.1. Sequence stratigraphy
	4.2. Seismo-stratigraphy
	4.2.1. Seismic sequence C
	4.2.2. Seismic sequence D
	4.2.3. Seismic sequence E
	4.2.4. Sequence F

	4.3. Interpretation of faults
	4.4. Seismic attributes

	5. Discussion
	6. Conclusions
	7. Supplementary data
	Acknowledgements
	References


