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Abstract

South Caribbean margin has been dominated by gravity-
driven processes, which are important agents for
transporting sediments downslope into deep-marine
environments. We have characterized the Pliocene to
Holocene offshore succession of the Colombian
Caribbean margin and its stratigraphic distribution using
3D seismic data and seismic attributes. Nine stratigraphic
intervals were characterized within the study, and are
interpreted to consist of a range of seismic
geomorphologies, including slumps, turbidites and
debrites. Slumps display high-amplitude, high-continuity,
lobate and confined morphologies. We founded sufficient
evidence which reveals that gravity sedimentary
processes have been controlled by faulting and mud
diapirism.

Introduction

Submarine slopes are frequently composed of gravity-
driven deposits (Maslin et al., 2004; Newton et al., 2004).
The causes of intense gravity-driven sedimentation on the
continental slopes include relative base level changes
and syn-sedimentary tectonics causing mud diapirism
which results in the creation of inter- and intra-basinal
bathymetry (McGilvery and Cook, 2003).

The morphology of the Colombian Caribbean margin and
its sedimentation patterns have been studied since the
fifties by Duque-Caro (1990); Romero-Otero et al. (2010)
and Vinnels et al. (2010). Romero-Otero et al. (2010)
using multi-beam bathymetry, side-scan sonar images
and 2D seismic profiles, identified a series of Miocene to
recent detached and shelf attached mass transport
complexes in the Magdalena Fan. The 3D seismic data
allow us to get a more detailed understanding of
architecture associated to these deposits from which
process based interpretations were developed. The
seismic volume and the high stratigraphic and structural
definition provided by seismic attribute analysis allowed
us to interpret nine gravity-driven sedimentary events,
revealing its geomorphological elements from palaeo-
shelf break to intraslope.

Study area

The area is controlled by the interaction between Andean
Orogeny, the Caribbean, South American, Nazca and
Cocos plates and the Panama Arc (Giunta et al., 2001;
Cediel et al., 2003) (Figure 1).
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Figure 1 - Map of the northwestern Colombian Caribbean
margin showing the location of the study area.

Transpression is evident, forming fold belts and relay
structures which still active (Rossello, 2007; Bermudez, et
al., 2009). The Colombian Caribbean area has been
relatively unexplored. Oil seeps are seen across the
southern Caribbean Basin. Channel-levee complexes,
confined and unconfined channel-lobe complexes have
been interpreted as the more important reservoirs.

Methodology

The principal data of this study is a high-quality 3D PSTM
seismic volume provided by Ecopetrol. The seismic data
was acquired in water depths that range from 60 to 1300
m. Its processing sequence included a 3D-pre-stack time
migration with sampling rate every 4 ms. The
interpretation methodology is based on a seismic
geomorphologic approach through standard seismic
interpretation workflows. Structural, stratigraphical and
morphological features were interpreted from key
timeslices. That covered the widest range of visualization
and included top and basal boundaries of each gravity-
driven deposit unit. We used similarity, amplitude and
complex trace attributes to derive four seismic facies
(Table 1). Angles of fault plane associated to slump-
related thrusts were calculated using seismic velocities
extracted from a sonic log in one well.

Gravity-driven deposits consist of mass transport
complexes (MTCs) and turbidity currents, where, mass
transport complexes can be classified as slides, slumps
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or debris-flow deposits (debrites) (Dott, 1963; Nardin et
al., 1979; Moscardelli et al., 2006). A slide represents a
coherent translational mass transport of a block or strata
on a planar glide plane (shear surface) without internal
deformation (Moscardelli and Wood, 2007). A slump is a
coherent mass of sediment that moves on a concave-up
glide plane and undergoes rotational movements causing
internal deformation (Shanmugam, 2006; Moscardelli and
Wood, 2007). Seismic interpretation using similarity,
amplitude and complex trace attributes calibrated with
seismic profile along key timeslices, reveals high degree
of confinement of MTCs.

Results

We identified four stratified slump bodies varies in a range
from 70 to 350 m in thickness and 3 to 35 km? in area.
Slump deposits show depositional thrust systems. These
systems occur along multiple frontal ramps (Figure 2). In
map view, this faulting is evident along curvilinear
reflections that are getting out from a common point
associated to the source zone or headwall zone.

The oldest slump that has been identified in this study has
an elongated lobate morphology lying over a broad area.
Their lateral boundary is characterized by a wavy edge
with high confinement, which has been associated to
geometry of a wide north-south syncline. Two seismic
facies SF1 and SF2 are distinct in the slumping systems.
Complex trace seismic attribute reveals chaotic seismic
facies in these units (Figure 3).

Similarity seismic attribute in the sea floor horizon allowed
defining four mixed slumps-turbidites-debrites deposits or
MSTDs. These bodies has been mainly identified by
lobate morphologies and mottled appearance in the upper
slope system (Figure 4). Similarity attribute illuminated
incised channels with linear morphology, escarpments,
linear ridges and mud diapirs associated to same upper
slope system. In contrast with the slumps and debrites
previously documented, the mixed slumps-turbidites-
debrites are not neither structurally encased nor frontally
confined.

The main mixed slumps-turbidites-debrites corresponds
to a channelized and undeformed lobe where the bulk of
this unit is concentrate. The boundaries of this unit are
defined by a high contrast of similarity associated with
different facies in the outside area. The lobe has a
maximum length of 11 km and its width is progressively
increasing from 2.1 km in the south to 7.2 km in the north.
According to our interpretation, the basal surface of this
unit is related to a cannibalization process associated to
an ancient incised canyon which acted through shelf-
break region. Subsequently, the canyon was abandoned
and multi episodic gravity-driven sedimentation took
place. This deposit is composed of a relatively
conformable succession of slumps, turbidites and
debrites. The main erosional marks observed are small
scours that have been associated to cutting processes
during depositional thrusting in the basal surface of
slumps. The imprint of the erosional features has an

irregular morphology in the basal surfaces of slump
deposits.

Discussion and conclusions

Slumps and debrites are located along axis of wide
synclines between high-angle and mud-cored periclines
which suggest a high confinement. We suggest that over-
steepening related to mud diapirism was the main
triggering mechanism to initiate the slumping and debris-
flowing events. We can conclude that:

e  Geomorphological seismic interpretation and
seismic attributes analysis in three-dimensional
high-quality seismic data provided an excellent
opportunity to characterize depositional systems
in an intraslope sub-basin

e Local over-steepening related to mud diapirism
was the main triggering mechanism to initiate the
gravity-driven deposits associated to slumping
and debris-flowing events

e Application of seismic attributes and
geomorphological seismic interpretation should
be considered as an important tool to define
potential traps, characterize reservoirs and seals
and handle geohazards during drilling
operations.
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Table 1 - Seismic facies table. Description of seismic facies associated to the mass transport deposits identified in the study

area.
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Slice 2336ms Figure 3 - Slumps and debrites as shown by
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Figure 4 - Similarity in sea floor.
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