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Abstract 

 

Interplay of Salt-Influenced Structural Deformation and Submarine 

Channel Evolution in the Campos Basin, Offshore Brazil 

 

Can Ceyhan, MSGeoSci 

The University of Texas at Austin, 2017 

 

Supervisors:  William L. Fisher, Jacob A. Covault 

 

The Campos Basin, located on the southeastern Brazil passive margin, is one of 

the most productive basins in the western South Atlantic. The development of many 

siliciclastic turbidite reservoirs in the southeastern Brazilian margin provided a great 

interest in submarine channel systems of the Campos Basin for hydrocarbon exploration 

purposes. Prior research highlights the variation of sediment supply, sea-level 

fluctuations and tectonic activity as the most critical controls on channel development 

within the Campos Basin. The Campos Basin is structurally complex as a result of salt 

movement, and it is an ideal setting in which to investigate the influences of structural 

deformation on channel evolution and architecture. 

I investigated the interaction between development of a post-Miocene submarine 

channel system and structural deformation related to salt tectonics by using structural and 

stratigraphic analysis of 3D seismic-reflection data, which covers an area of 

approximately 1750 km
2
. I produced detailed maps and cross sections of the submarine 

channel system, and compared them to structural maps in order to interpret the control of 
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structural deformation on evolution and architecture of the submarine channel system. I 

interpreted that a regionally mapped seismic-reflection horizon approximates the 

paleobathymetry at the time of channel formation and correlated with the trend of the 

channel system. The paleobathymetry mainly dictated the transport pathway of the 

submarine channel system, as channels within the system mainly stayed in salt-

withdrawal basins and avoided salt-influenced structural highs. However, the submarine 

channel system was diverted to flow directly on the top of a salt diapir within the 

southeastern part of the study area, rather than staying within salt-withdrawal basins. I 

explained this anomaly by two uplift stages of the salt diapir. Aggradation smoothed out 

much of the paleobathymetry associated with the first growth stage of the salt diapir, and 

the salt-influenced structural high was not able to divert the submarine channel system. 

The basal surfaces of channels within the system are deformed as a result of the growth 

of the salt diapir, which suggests that the salt diapir became active again when the 

submarine channel system started to develop. 
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CHAPTER 1. INTRODUCTION 

Geologic Overview of the Campos Basin 

The Campos Basin is located on the southeastern Brazil passive margin. It lies 

beneath the coastal plain, continental shelf and slope of the southwestern portion of the 

South Atlantic Ocean (Bruhn et al., 2003).  

 

 

Figure 1: Location map of the Campos Basin (modified from Peres, 1993). 

The basin is located between the geographic parallels of 21°S and 24°S, and 

extends roughly from 15 km inland to the 3400 m isobath (Rangel et al., 2003). More 

than 70% of the basin is at water depths greater than 200 m (Carminatti & Scarton, 1991). 
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The Campos Basin is separated from adjacent basins by basement highs that strike 

transverse to the continental margin. It is separated from the Espírito Santo Basin to the 

north by the Vitoria high, and from the Santos Basin to the south by the Cabo Frio high 

(Figure 1) (Guardado et al., 2000). 

TECTONO-STRATIGRAPHIC EVOLUTION OF THE CAMPOS BASIN 

The tectono-stratigraphic evolution of the Campos Basin was initiated during the 

late Jurassic breakup of Gondwana and subsequent opening of the South Atlantic Ocean 

(Guardado et al., 1990). Considering different tectonosedimentary stages of basin 

evolution, Bruhn (1998) subdivided the sedimentary fill of the Campos Basin into five 

megasequences, which are, from oldest to youngest: a continental rift megasequence, a 

transitional evaporitic megasequence, a shallow carbonate platform megasequence, a 

marine transgressive megasequence, and a marine regressive megasequence (Figure 2 & 

Figure 3). A megasequence is a lithostratigraphic sequence that covers a complete marine 

transgressive or regressive cycle (Sloss, 1964). 

 

Figure 2: Principal stratigraphic units of the Campos Basin (modified from Bruhn, 1998). 
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Figure 3: Stratigraphic chart of the Campos Basin (modified from De Gasperi & 

Catuneanu, 2014, who modified from Winter et al., 2007). 
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The continental rift megasequence is characterized by fault-related subsidence as 

a result of the continental crust stretching that preceded the emplacement of oceanic crust 

(Bruhn, 1998). This succession has diversity in facies, which range from siliciclastic 

sediments to lacustrine coquinas and volcanic rocks (Bruhn, 1998). It records the 

lacustrine and fluvial-deltaic environments formed within rift valleys from the 

Neocomian to the early Aptian (Winter et al., 2007).  

The transitional evaporitic megasequence accumulated during the middle Aptian 

to the early Albian in a transitional marine and nonmarine environment (Bruhn, 1998). It 

includes basal siliciclastic deposits and microbial limestones, overlain by evaporites. This 

evaporite succession played an important role in shaping the architecture of the Campos 

Basin, as the salt movement molded the seafloor. The stratigraphic architecture of this 

megasequence is dominated by horizontal layering, and is different from the stratigraphic 

and structural architecture of the underlying unit that is dominantly characterized by tilted 

blocks (Bruhn, 1998). These two megasequences are separated by an angular 

unconformity (Guardado et al., 1990). 

The shallow carbonate platform megasequence was deposited during the early to 

the middle Albian, and it marks the establishment of fully marine conditions across the 

basin (Bruhn, 1998). During the deposition of this megasequence, the regional eastward 

tilting of the basin induced the downslope gliding of the underlying evaporites (Bruhn, 

1998). The carbonate deposits of this succession have a gradational contact with the 

evaporites of the previous megasequence (Winter et al., 2007).  

The marine transgressive megasequence lasts from the late Albian to the middle 

Eocene and represents progressively deeper water facies, from calcilutites to marls, 

shales, and turbidites (Bruhn, 1998). This succession marks the progressive drowning of 

the shallow carbonate platform (Bruhn, 1998). 
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The marine regressive megasequence accumulated from the middle Eocene to the 

Holocene and represents a variety of continental, shallow-marine siliciclastic and 

carbonate environments, and deep-water depositional environments (Bruhn, 1998). This 

unit records a general transition in depositional trend, from retrogradational to 

progradational (De Gasperi & Catuneanu, 2014). 

Like the most prolific sedimentary basins in South America, North America, 

Europe and Africa, the Campos Basin is rich in salt and sedimentation interaction 

(Mohriak et al., 2012). The overall structural style of the basin is characterized by a 

detachment surface at the base of Aptian salt (Fetter, 2009). Below the detachment, the 

main structural features in the basement are horsts and grabens limited by steep normal 

faults active during the rift phase in the early Cretaceous (Chang et al., 1992). Following 

the opening of the South Atlantic Ocean during the early Albian, the Campos Basin tilted 

to the east and the formation of the divergent continental margin resulted in salt 

movement (De Gasperi & Catuneanu, 2014). Above the Aptian detachment, salt tectonics 

with extensional and compressional domains has been active since the Albian 

(Demercian et al., 1993). The salt tectonic domains within the Campos Basin are mainly 

controlled by the basement structure, with an upslope domain of horizontal extension to 

the west including extensional diapirs, an extensional to compressional intermediate 

domain of downhill translation with shortened salt diapirs, and a downslope domain of 

strong horizontal contraction to the east with thrusts and folds (Figure 4) (Mohriak et al., 

2012). 

 



 6 

 

Figure 4: (a) Structural map, (b) schematic cross section of the Campos Basin (courtesy 

of Dr. Daniel Carruthers). 
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PETROLEUM SYSTEMS OF THE CAMPOS BASIN 

The Campos Basin is one of the most productive hydrocarbon-bearing basins in 

the South Atlantic (Mohriak et al., 1990). Approximately 85% of the total Brazilian oil 

and natural gas production is provided from its reservoirs (Guardado et al., 2000). As of 

May 2017, total daily production in the Campos Basin was 1.3 million barrels of oil and 

25 million cubic meters of natural gas (Palmigiani, 2017). Offshore oilfields of the 

Campos Basin under water depths between 80 m and 2400 m produce from a variety of 

reservoirs, including Neocomian fractured basalts, Barremian porous bioclastic 

limestones (coquinas), early to middle Albian calcarenites and calcirudites, and late 

Albian to early Miocene siliciclastic turbidites (Figure 5) (Mohriak et al., 1990). 

Two source rock systems are present in the Campos Basin, which are lower 

Neocomian black shales and marls deposited in a lacustrine environment ranging from 

brackish to hypersaline water, and an upper Neocomian system comprising mainly 

calcareous black shales and marls deposited in lacustrine saline water environment of 

alkaline affinities (Barros, 1980). Petroleum generation began in Santonian-Coniacian 

time, reached its peak during the late Miocene and continues until the present day 

(Guardado et al., 2000). Hydrocarbon accumulations within the Campos Basin have both 

structural and stratigraphic controls, and they are associated with migration through 

normal faults and regional unconformities in the evaporitic layers (Mohriak et al., 1990). 

All essential processes and petroleum system elements have resulted in one of the most 

prolific hydrocarbon provinces within the western South Atlantic sedimentary basin 

system. 

Siliciclastic turbidites are by far the most prolific reservoir rocks of the Campos 

Basin (Bacoccoli & Toffoli, 1988; Bruhn et al., 2003). Oil accumulations in turbidite 

reservoirs mainly have a structural control by listric normal faults, which are soling out 
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on underlying Aptian evaporites or are attached to the Precambrian basement (Bruhn et 

al., 2003). These faults may also provided pathways for oil migration from underlying 

rift-phase Neocomian source rocks (Bruhn et al., 2003). Most of the turbidite oilfields 

also have some degree of stratigraphic control, either by reservoir pinchout and/or partial 

reservoir erosion by younger, mud-filled channels (Bruhn et al., 2003). 

 

Figure 5: Reservoir types of the main hydrocarbon accumulations in the Campos Basin 

(modified from Mohriak et al., 1990). 
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Objective 

Many hydrocarbon-bearing basins in the world are associated with salt tectonics 

(e.g., Gulf of Mexico, North Sea, Saudi Arabia, Iran, Iraq and Angola), and numerous 

studies focused on their tectono-stratigraphic evolution (e.g., Rowan & Weimer, 1998; 

Anderson et al., 2000; Broucke et al., 2004; Smith, 2004; Rowan & Vendeville, 2006). 

Sedimentological studies of the control of salt-influenced topography on submarine 

sediment gravity flow deposits have interpreted that structural deformation can control 

the location, pathway and architecture of channel, lobe and levee deposits (e.g., Rowan & 

Weimer, 1998; Anderson et al., 2000; Broucke et al., 2004; Huyghe et al., 2004; Smith, 

2004; Gee & Gawthorpe, 2007; Mayall et al., 2010; Clark & Cartwright, 2011; Gamboa 

et al., 2012; Oluboyo et al., 2013). Sediment gravity flow is a general term for a 

sediment-water mixture in which the sediment component pulls interstitial water 

downslope by gravity (Middleton & Hampton, 1973). 

As described in previous sections, an Aptian salt succession accumulated in the 

Campos Basin. The overall structural style of the basin is a result of salt movement 

(Fetter, 2009). The basin is structurally complex, including salt diapirs, salt-withdrawal 

basins between them and numerous listric normal faults detaching on the Aptian salt 

(Fetter, 2009). 

The Campos Basin is one of the most prolific hydrocarbon-bearing basins in the 

South Atlantic, and sand-rich turbidite systems are the most productive reservoirs rocks 

within the basin (Bacoccoli & Toffoli, 1988). A turbidite system is defined as a body of 

genetically related mass-flow sediments deposited in stratigraphic continuity (Mutti & 

Normark, 1987). Submarine channels are one of the primary erosional and/or 

depositional elements within turbidite systems (Mutti & Normark, 1987, 1991; Normark 
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et al., 1993; Piper & Normark, 2001). A channel is defined as the expression of negative 

relief produced by turbidity current flow, and represents a major, long-term pathway for 

sediment transport (Mutti & Normark, 1987). Channels can reach up to a kilometer in 

erosional depth and 10 kilometers in width (Mutti & Normark, 1987). Understanding the 

controls on submarine channel evolution is crucial for establishing a model for the 

development of turbidite systems (e.g., Mayall et al., 2006). Existing deep-water 

depositional models explaining the development and evolution of submarine channels 

within the Campos Basin are focused on the controls of sediment supply, relative sea-

level fluctuations and tectonic activity (e.g., Mohriak et al., 1990; Peres, 1993; Bruhn & 

Walker, 1995; Rangel et al., 2003; Fetter et al., 2009; Albertâo et al., 2011; De Gasperi & 

Catuneanu, 2014). The basic framework for the development of submarine channel 

systems within the Campos Basin is represented as starting with deposition of a large 

volume of clastics during the buildup of a delta that constructs a thick, wide shelf 

sedimentary unit (Peres, 1993; Albertâo et al., 2011; De Gasperi & Catuneanu, 2014). 

This shelf sedimentary unit forms the main source of sediment for the deep-water 

turbidite system (Peres, 1993; Albertâo et al., 2011; De Gasperi & Catuneanu, 2014). 

Localized tectonic pulses (for example, salt tectonics) deform the outer shelf, leading to 

sediment failure and triggering sediment gravity flows (Peres, 1993; Fetter et al., 2009; 

De Gasperi & Catuneanu, 2014). Falls of relative sea-level result in the subaerial 

exposure of shelf sediments, which causes downcutting and erosion of shelf by rivers 

draining out to the receding shoreline, and reworking in a shallow, high-energy marine 

environment (Mohriak et al., 1990; Peres, 1993; Bruhn & Walker, 1995; Rangel et al., 

2003; De Gasperi & Catuneanu, 2014).  

Despite the extensive literature about the mechanisms controlling the 

development and evolution of submarine channel systems within the Campos Basin, few 
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studies are focused on the influence of salt-induced structural deformation on submarine 

channel system evolution. Submarine channels may be confined, diverted, deflected or 

blocked by the salt-cored growth of folds and diapirs within compressional and diapiric 

settings (Rowan & Weimer, 1998; Clark & Cartwright, 2009; Mayall et al., 2010; 

Oluboyo et al., 2013). The main purpose of this study is to demonstrate the relationship 

between salt-influenced structural deformation and submarine channel evolution within 

the Campos Basin. 

Methodology 

This study is based on a dataset, comprising a Kirchoff post-stack depth migrated 

3D seismic-reflection volume. It is a mixed phase data covering an area of approximately 

1750 km
2
, to a depth of 9 km. Data were originally acquired in 2001 and reprocessed in 

2011 by PGS Investigação Petrolífera Limitada. The 3D seismic-reflection volume has a 

bin spacing of 25 x 25 m, with a vertical sampling rate of 5 m. There are approximately 

25 peaks along a vertical distance of 1000 m within the seismic dataset. Therefore, 3D 

seismic-reflection volume has a wavelength (λ) of 40 m, which results in a limit of 

separability (λ/4) of 10 m. Within the seismic images shown in this study, the black 

reflections correspond to positive amplitudes (peaks) whereas the white reflections 

represent negative amplitudes (troughs). 

The study area is located in the central part of the Campos Basin, within the 

translational domain between compressional and extensional domains, and the middle 

slope portion of the basin (Figure 4). It is located between water depths of 1907 m and 

2585 m (Figure 7). There are no well data within the study area to confirm lithology of 

seismic reflections and age. I used a previous interpretation by Dr. Daniel Carruthers (a 

former postdoctoral researcher at the Bureau of Economic Geology) on the same 3D 
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seismic-reflection dataset to determine the ages of every critical horizon within the study 

area (Figure 6). The software used to carry out the seismic interpretation was Landmark 

Decision Space and Geoprobe. 

 

 

Figure 6: Previous interpretations of key horizons (courtesy of Dr. Daniel Carruthers). 
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I performed an integrated 3D analysis of structural geology and seismic 

stratigraphy to investigate the interaction between submarine channel evolution and salt-

cored structural deformation. From the late Cretaceous to the Holocene, many submarine 

channel systems exist within the Campos Basin, sourced from various different points 

(Peres, 1993). I focused my analysis on a post-Miocene submarine channel system and 

investigated the structural control on each channel within the system in detail. 

I interpreted the structural configuration of the study area by mapping the modern 

seafloor, the horizon representing a stratigraphic surface approximately coeval with the 

initiation of the submarine channel system and the top of the salt succession. I mapped 

channels within the system from the 3D seismic-reflection volume. I defined and 

interpreted seismic facies within the submarine channel system on the basis of the 

amplitude, continuity, and architecture of reflections (Mutti & Normark, 1987, 1991; 

Normark et al., 1993). I characterized each channel within the submarine channel system 

to document the response of channel pathway and architecture to salt diapirs, salt-

withdrawal basins between them and salt-related slope topography. 
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CHAPTER 2. STRUCTURAL CONFIGURATION 

Seafloor 

The most striking features at the modern seafloor are structural highs over salt 

diapirs, the submarine channel system in the southeastern part of the study area, and 

WNW- and ENE-trending lineaments within the central part of the study area (Figure 7). 

I interpreted both these lineaments as active fault scarps, because a shallow horizontal 

slice at the depth of 2424 m (~100 m below the seafloor at the location where lineaments 

are observed) shows faults and fractures parallel to these lineaments (Figure 8). 

Figure 9 is the map of a horizon that I interpret to represent a stratigraphic surface 

approximately contemporaneous with the formation of the submarine channel system, 

which is the basal surface of the oldest channel within the system. Like the modern 

seafloor, salt diapirs mainly shape the paleobathymetry of the submarine channel system, 

by forming structural reliefs on the seafloor (Figure 7 & Figure 9). 
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Figure 8: Horizontal slice at the depth of 2424 m showing faults and fractures parallel to 

the lineaments on the modern seafloor. 
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Salt Unit 

The overall structural configuration of the Campos Basin is a result of the 

movement of an Aptian evaporite unit (Fetter, 2009). The study area is within the 

translational domain, where both extensional and compressional structures can be 

observed (Figure 4). Salt deformation controls the structural configuration by salt 

diapirism and by creating salt-withdrawal basins between structural highs (Rowan & 

Weimer, 1998). 

 

 

Figure 10: Seismic cross section A-A′ showing typical structures associated with salt 

movement. Location of the cross section is shown in Figure 11. 

Evaporite units are associated with a high impedance contrast in contact with 

sedimentary deposits (Quirk et al., 2012). Consequently, I interpreted the top of the 

Aptian salt sequence as a horizon with high-amplitude reflection within the seismic-

reflection dataset. My interpretation of the top of salt layer is also based on structures 
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typically associated with salt movement such as salt diapirs, salt-withdrawal basins, and 

listric faults that detach on the top of evaporite sequence (Figure 10) (Jackson & Talbot, 

1991). A salt diapir is defined as a mass of salt that has flowed in a ductile manner and 

discordantly pierced or intruded the overburden (Jackson & Talbot, 1991). A salt-

withdrawal basin is a depression formed by salt withdrawal from underneath the sediment 

wedge, where salt withdrawal is defined as mass transfer of salt over time without 

obvious change in salt area in cross section (Jackson & Talbot, 1991). A listric fault is a 

normal fault with a curving, concave-up fault plane whose dip decreases with depth 

(Jackson & Talbot, 1991). I used all these criteria to map the top of salt, where salt-

withdrawal basins are represented with blue and structural highs are shown in red in the 

map of top salt in Figure 11. The top of salt map shows nine salt diapirs (SD-1 to 9) and 

eight salt-withdrawal basins (WB-1 to 8) between these structural highs. The diapirs are 

as much as 4800 m in height above the regional level of the Aptian salt layer (Figure 11), 

reaching to 300 m below the modern seafloor (Figure 12), where they have widths of as 

much as 5 km. Salt-withdrawal basins are typically 10 to 15 km wide and contain post-

salt deposition of as much as 5100 m in thickness (Figure 12). 
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Interaction Between Salt Diapirism and Bathymetry 

Salt diapirism can complicate the topography of the seafloor (e.g., Rowan & 

Weimer, 1998; Anderson et al., 2000; Broucke et al., 2004; Huyghe et al., 2004; Smith, 

2004; Gee & Gawthorpe, 2007; Hudec & Jackson, 2007; Mayall et al., 2010; Clark & 

Cartwright, 2011; Gamboa et al., 2012; Oluboyo et al., 2013). In order for buried salt to 

be emplaced into its overburden as a diapir, any rock previously occupying that space 

must be removed or displaced (Hudec & Jackson, 2007). Emplacement may occur by 

uplift of the overburden, which results in a positive bathymetric relief (Hudec & Jackson, 

2007). Salt emplacement also creates salt-withdrawal basins between diapiric highs 

(Jackson & Talbot, 1991). Once the growth of a salt diapir is stopped, accommodation 

within salt-withdrawal basins will be filled and the bathymetric expression of the salt 

diapir will be smoothed out (Jackson & Talbot, 1991; Prather et al., 1998; Winker & 

Booth, 2000). 

Salt diapirs mainly shape the modern seafloor and the paleobathymetry of the 

submarine channel system within the study area by creating structural reliefs (Figure 13 

& Figure 14). However, both seafloor maps (Figure 7 & Figure 9) show a much smoother 

topography compared to the map of the top of salt unit (Figure 11), which indicates that 

paleobathymetric relief associated with salt diapirism is mainly smoothed out by 

aggradation. 

In this study, I determined the timing of salt diapirism relative to the formation of 

the submarine channel system by investigating the architecture of nearby strata and 

interpreting pre-, syn- and post-kinematic sequences. Pre-kinematic sediments 

accumulated on a flat salt unit that has not flowed yet, so these sediments are 

characterized by uniform thickness and parallel strata that tilted toward the salt dome 
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(Jackson & Hudec, 2017). Syn-kinematic sediments were deposited during the movement 

of salt and characterized by strata that thin onto the salt diapir (Jackson & Hudec, 2017). 

Post-kinematic sediments were deposited after the end of salt flow and, because they are 

not affected by the movement of salt, they have uniform thickness across salt diapirs 

(Jackson & Hudec, 2017). 



 24 

  

F
ig

u
re

 1
3
: 

S
tr

u
ct

u
ra

l 
m

ap
 o

f 
th

e 
m

o
d
er

n
 s

ea
fl

o
o
r 

w
it

h
 c

o
n
to

u
rs

 o
f 

th
e 

to
p
 o

f 
sa

lt
 u

n
it

. 

 



 25 

  

F
ig

u
re

 1
4
: 

S
tr

u
ct

u
ra

l 
m

ap
 o

f 
th

e 
h
o
ri

zo
n
 r

ep
re

se
n

ti
n
g
 a

 s
tr

at
ig

ra
p
h
ic

 s
u
rf

ac
e 

co
n
te

m
p
o
ra

n
eo

u
s 

w
it

h
 t

h
e 

fo
rm

at
io

n
 o

f 
th

e 
su

b
m

ar
in

e 
ch

an
n

el
 s

y
st

em
, 
w

it
h
 c

o
n
to

u
rs

 o
f 

th
e 

to
p
 o

f 
sa

lt
 u

n
it

. 

 



 26 

 

F
ig

u
re

 1
5
: 

S
tr

u
ct

u
ra

l 
m

ap
 o

f 
th

e 
to

p
 o

f 
sa

lt
, 
sh

o
w

in
g
 t

h
e 

lo
ca

ti
o
n
s 

o
f 

cr
o
ss

 s
ec

ti
o
n
s 

B
-B

′,
 C

-C
′, 

D
-D

′,
 E

-

E
′, 

F
-F

′, 
G

-G
′,
 H

-H
′,
 I

-I
′ 
an

d
 J

-J
′. 

 



 27 

SALT DIAPIR 1 

I interpreted that both the modern seafloor and the horizon that represents a 

stratigraphic surface approximately coeval with the formation of the submarine channel 

system are within the syn-kinematic strata (Figure 16). This indicates that SD-1 was an 

active salt structure when the submarine channel system started to develop. 

 

Figure 16: Seismic cross section B-B′ showing the timing of Salt Diapir 1. Location of 

the cross section is shown in Figure 15. 

SALT DIAPIR 2 

I interpreted that the horizon that represents a stratigraphic surface approximately 

contemporaneous with the development of the submarine channel system is within the 

syn-kinematic strata (Figure 17). Therefore, SD-2 was an active salt structure when the 

submarine channel system started to form. However, the modern seafloor is within the 

post-kinematic strata, which suggests that the growth of SD-2 was stopped after the 

formation of the submarine channel system. 
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Figure 17: Seismic cross section C-C′ showing the timing of Salt Diapir 2. Location of 

the cross section is shown in Figure 15. 

SALT DIAPIR 3 

I interpreted that both the horizon that represents a stratigraphic surface 

approximately coeval with the formation of the submarine channel system and the 

modern seafloor are within the syn-kinematic strata (Figure 18). Therefore, SD-3 was an 

active salt structure when the submarine channel system started to develop. 



 29 

 

Figure 18: Seismic cross section D-D′ showing the timing of Salt Diapir 3. Location of 

the cross section is shown in Figure 15. 

SALT DIAPIR 4 

I interpreted that both the modern seafloor and the horizon that represents a 

stratigraphic surface approximately contemporaneous with the development of the 

submarine channel system are within the syn-kinematic strata (Figure 19). This suggests 

that SD-4 was an active salt structure when the submarine channel system started to form. 
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Figure 19: Seismic cross section E-E′ showing the timing of Salt Diapir 4. Location of the 

cross section is shown in Figure 15. 

SALT DIAPIR 5 

I interpreted that both the horizon that represents a stratigraphic surface 

approximately coeval with the formation of the submarine channel system and the 

modern seafloor are within the syn-kinematic strata (Figure 20). Therefore, SD-5 was an 

active structure when the submarine channel system started to develop. 
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Figure 20: Seismic cross section F-F′ showing the timing of Salt Diapir 5. Location of the 

cross section is shown in Figure 15. 

SALT DIAPIR 6 

I interpreted that both the modern seafloor and the horizon that represents a 

stratigraphic surface approximately contemporaneous with the development of the 

submarine channel system are within the syn-kinematic strata (Figure 21). This indicates 

that SD-6 was an active salt structure when the submarine channel system started to form. 
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Figure 21: Seismic cross section G-G′ showing the timing of Salt Diapir 6. Location of 

the cross section is shown in Figure 15. 

SALT DIAPIR 7 

I interpreted that both the horizon that represents a stratigraphic surface 

approximately coeval with the formation of the submarine channel system and the 

modern seafloor are within the syn-kinematic strata (Figure 22). Therefore, SD-7 was an 

active salt structure when the submarine channel system started to develop. 
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Figure 22: Seismic cross section H-H′ showing the timing of Salt Diapir 7. Location of 

the cross section is shown in Figure 15. 

SALT DIAPIR 8 

I interpreted that both the modern seafloor and the horizon that represents a 

stratigraphic surface approximately contemporaneous with the formation of the 

submarine channel system are within the syn-kinematic strata (Figure 23). Therefore, SD-

8 was an active structure when the submarine channel system started to develop. 
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Figure 23: Seismic cross section I-I′ showing the timing of Salt Diapir 8. Location of the 

cross section is shown in Figure 15. 

SALT DIAPIR 9 

I interpreted that both the horizon that represents a stratigraphic surface 

approximately coeval with the development of the submarine channel system and the 

modern seafloor are within the post-kinematic strata (Figure 24). This indicates that SD-9 

predates the formation of the submarine channel system. However, the post-kinematic 

strata are tilted toward SD-9, which might suggest that another stage of salt movement 

was started after the accumulation of syn-kinematic strata. 
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Figure 24: Seismic cross section J-J′ showing the timing of Salt Diapir 9. Location of the 

cross section is shown in Figure 15. 
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CHAPTER 3. SUBMARINE CHANNEL SYSTEM 

The submarine channel system started to develop after the Miocene. There are no 

available data for age control of the strata younger than the Miocene. Therefore, I 

interpreted the age of the submarine channel system as post-Miocene. The stratigraphy of 

the system is composed of multiple channels and two mass transport complexes. I 

identified and interpreted these units on the basis of amplitude, internal architecture, 

cross-sectional continuity and lower bounding surfaces within the 3D seismic-reflection 

volume (Figure 25) (Mutti & Normark, 1987, 1991; Normark et al., 1993). I interpreted 

the base of each submarine channel as V or U shaped erosional features on seismic-

reflection dataset (Figure 25) (Mayall et al., 2006). The lithology of mass transport 

complexes generally consists of muddy deposits showing extensive deformation (Shipp et 

al., 2004). Therefore, I interpreted mass transport complexes by hummocky, chaotic and 

medium-to-low amplitude reflections within the dataset (Figure 25) (Posamentier & 

Kolla, 2003). In cross sections, these units are characterized by a sharp, erosional base 

surface and a locally folded or faulted internal architecture, with high-to-moderate cross-

sectional continuity (Figure 25) (Posamentier & Kolla, 2003). 

I characterized submarine channels within the system to observe changes in their 

measured parameters as a result of their interaction with salt-influenced structures. For 

this purpose, I interpreted structure and isochore maps of each channel. The aim of 

producing isochore maps is to understand how channel development responds to the 

underlying salt-influenced slope as a whole. From the structure maps, I measured channel 

erosional depth, channel width, channel gradient and sinuosity parameters (Figure 26) 

(e.g., Gee & Gawthorpe, 2007; Clark & Cartwright, 2009; Gamboa et al., 2012). I 

determined channel erosional depth as the maximum depth of incision into the pre-
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channel sequence and measured channel width as the horizontal distance between 

opposite channel flanks (Figure 26) (Clark & Cartwright, 2009). I measured channel 

gradient by determining the ratio of drop in the channel elevation per unit horizontal 

distance and determined sinuosity as the along-channel distance (sinuous length) divided 

by the straight-line distance between the same two points along the deepest part of the 

channel horizon (Figure 26) (Clark & Cartwright, 2009). I measured these parameters 

roughly every 3 km along the sinuous length of each channel in downslope direction, as I 

observed that this adequately captures variations in channel morphology. 

The development of the submarine channel system began after the Miocene, and 

the system reaches the modern seafloor in the southeastern part of the study area. Four 

channels exist within the system, which are Channel 1 to Channel 4 from oldest to 

youngest (Figure 25). Between the development of Channel 3 and Channel 4, an erosive 

mass transport complex entered the study area and was deposited around the 

northwestern part of the system. The entire system is covered by another mass transport 

complex, which mainly shaped the modern seafloor within the study area (Figure 25). 
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Figure 25: Seismic cross section K-K′ showing individual units within the submarine 

channel system. Location of the cross section is shown in Figures 27, 39, 51 

and 59. 

 

 

Figure 26: Diagram showing measured parameters for the characterization of channels. 
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Channel 1 

Channel 1, the oldest channel within the system (Figure 25), is shown in blue in 

seismic cross sections represented in this study. The isochore map of the sequence 

between the base of Channel 1 and the base of Channel 2 shows thickness reaching up to 

approximately 320 m within salt-withdrawal basins and decreasing dramatically around 

the crests of salt-influenced structural highs (Figure 28). 

Channel 1 is almost completely eroded by younger channels within the system, 

and it is rarely observable within the seismic-reflection dataset (Figure 27). Therefore, it 

is not possible to determine the channel width, channel erosional depth, sinuosity or 

gradient along the entire pathway of Channel 1. Remnants of the erosional base of 

Channel 1 can be seen only in the northwestern and northern parts of the study area, 

where the channel has an average width of 6.2 km and channel incision reaches as much 

as 170 m (Figure 28). Considering the flow direction of younger channels within the 

submarine channel system, I assume that the pathway of Channel 1 was sourced from the 

northwest and had a general NW-to-SE transport direction (Figures 39, 51 and 59). 
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Channel 2 

The base erosional surface of Channel 2 is shown in red in seismic cross sections 

represented in this study. Channel 2 is younger than Channel 1, as it truncated Channel 1 

(Figure 25). Channel 2 comprises two tributaries, identified as NW-2 (northwest 

tributary, Channel 2) and N-2 (north tributary, Channel 2) (Figure 39). Both tributaries 

have an average sinuosity of 1.12 and a maximum incision depth of 250 m (Figure 29 & 

Figure 32). The average gradients in the tributaries are similar, ranging from 8 m/km to 

10 m/km (Figure 30). NW-2 and N-2 have an average channel width of 2.5 km and 3.8 

km, respectively (Figure 31). Two tributaries converged into a single main channel in the 

northwestern part of the study area, joining at an angle of approximately 90° and at equal 

elevations at the confluence point (Figure 33). The N-2 tributary truncated the NW-2 

tributary at the confluence point, so N-2 is younger than NW-2 (Figure 34). Compared to 

the NW-2 tributary, deposits filling the N-2 tributary are less preserved within the 

seismic-reflection dataset (Figure 40), as a result of higher amount of erosion by younger 

channels within the submarine channel system. 

 

 

Figure 29: Graph showing sinuosity variations in the NW-2 and N-2 tributaries. Zero 

point is where tributaries entered the study area. 
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Figure 30: Graph showing gradient variations in the NW-2 and N-2 tributaries. Zero point 

is where tributaries entered the study area. 

 

Figure 31: Graph showing width variations in the NW-2 and N-2 tributaries. Zero point is 

where tributaries entered the study area. 

 

Figure 32: Graph showing erosional depth variations in the NW-2 and N-2 tributaries. 

Zero point is where tributaries entered the study area. 
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Figure 33: 3D view of the confluence geometry in Channel 2. 

 

 

Figure 34: Horizontal slice at the depth of 2710 m showing N-2 tributary truncating NW-

2 tributary. 
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Downslope of the confluence point, the flow direction of the single main channel 

continued to the east from WB-3 to WB-6 (Figure 39 & Figure 65) for 12 km as a straight 

channel (Figure 35), with an average width of 2.3 km and a maximum erosional depth of 

340 m (Figure 37 & Figure 38). Within this part, Channel 2 has a gradient of 7 m/km 

(Figure 36). The channel was diverted to the southeast with a significant increase in its 

sinuosity to 1.73 (Figure 35 & Figure 39). This part of the channel has an average width 

of 3.6 km (Figure 37), a maximum incision depth of 320 m (Figure 38) and an average 

gradient of 3.7 m/km (Figure 36). Channel 2 maintained its flow in the same direction for 

15 km after the section with high sinuosity, to pass through a depression between SD-6 

and SD-8 (Figure 39 & Figure 65). The channel displays a sudden reduction in sinuosity 

to a value of 1.11 and an increase in its maximum erosional depth to 500 m (Figure 35 & 

Figure 38). Within this part, the channel has an average width of 3.5 km and average 

gradient of 2 m/km (Figure 36 & Figure 37). The channel reaches the modern seafloor 

within this section (Figure 7). After passing through a depression between SD-6 and SD-

8, the channel changed its transport direction to the east, to flow directly on the top of 

SD-9 (Figure 39 & Figure 65). The sinuosity of the channel is again increased 

dramatically, to 1.79 (Figure 35). This section of the channel is characterized with a 

maximum incision depth of 530 m and an average width of 2.6 km (Figure 37 & Figure 

38). Within this part of the channel, average gradient decreases to -4.5 m/km, which 

means that channel elevation is increasing downslope (Figure 36). This is probably 

caused by the uplift of SD-9 below the channel pathway (Figure 65). Deposits filling 

Channel 2 are highly condensed or almost absent within this area, as a result of erosion 

by younger channels within the system (Figure 40). 
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Figure 35: Graph showing sinuosity variations in the post-confluence section of Channel 

2. Zero point is the confluence point. 

 

Figure 36: Graph showing gradient variations in the post-confluence section of Channel 

2. Zero point is the confluence point. 

 

Figure 37: Graph showing width variations in the post-confluence section of Channel 2. 

Zero point is the confluence point. 
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Figure 38: Graph showing erosional depth variations in the post-confluence section of 

Channel 2. Zero point is the confluence point. 
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Channel 3 

Within the seismic cross sections shown in this study, the base surface of Channel 

3 is represented in yellow. Because Channel 3 cut Channel 2, it is younger than Channel 

2 (Figure 25). As was Channel 2, Channel 3 was sourced with two tributaries, referred to 

as NW-3 (northwest tributary, Channel 3) and N-3 (north tributary, Channel 3) (Figure 

51). Both tributaries have a similar maximum erosional depth, ranging from 160 m to 180 

m (Figure 44). N-3 is more sinuous compared to NW-3, with sinuosity values of 1.22 and 

1.12, respectively (Figure 41). NW-3 has a gradually increasing channel width 

downslope, from 1.2 km to 2.2 km, and N-3 has an average channel width of 1.6 km 

(Figure 43). Two tributaries of Channel 3 are characterized by significantly different 

gradient values, where NW-3 has an average gradient of 11.9 m/km and N-3 has an 

average gradient of 3.3 m/km (Figure 42). Similar to Channel 2, two tributaries of 

Channel 3 joined into a single main channel within the northwestern part of the study 

area, where they merged at an angle of approximately 90° (Figure 51). They met at 

different elevations, and there is a step of approximately 100 m where NW-3 joined the 

post-confluence channel (Figure 45). In contrast, N-3 joined the main channel at a similar 

depth (Figure 45). As observed in the horizontal slice obtained from the semblance 

volume, the N-3 tributary cut the NW-3 tributary at the confluence point, which 

demonstrates that NW-3 is older than N-3 (Figure 46). Compared to NW-3, deposits 

filling the N-3 tributary are more preserved within the seismic-reflection dataset (Figure 

52). 
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Figure 41: Graph showing sinuosity variations in the NW-3 and N-3 tributaries. Zero 

point is where tributaries entered the study area. 

 

Figure 42: Graph showing gradient variations in the NW-3 and N-3 tributaries. Zero point 

is where tributaries entered the study area. 

 

Figure 43: Graph showing width variations in the NW-3 and N-3 tributaries. Zero point is 

where tributaries entered the study area. 
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Figure 44: Graph showing erosional depth variations in the NW-3 and N-3 tributaries. 

Zero point is where tributaries entered the study area. 

 

 

Figure 45: 3D confluence geometry in Channel 3. 
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Figure 46: Horizontal slice at the depth of 2580 m showing N-3 tributary truncating NW-

3 tributary. 

The post-confluence main channel maintained its transport direction to the east 

from WB-3 to WB-6 (Figure 51 & Figure 66) for 12 km as a straight channel from the 

confluence point (Figure 47), with a maximum incision depth of 270 m (Figure 50) and 

an average width of 2.4 km (Figure 49). This part of the channel is characterized by a 

gradient of 5.4 m/km (Figure 48). The channel changed its flow direction to the southeast 

with a sudden increase in sinuosity to 1.98 (Figure 47 & Figure 51). The channel 

decreased its maximum erosional depth to 220 m (Figure 50), and it has an average width 

of 2.3 km (Figure 49) and an average gradient of 4.1 m/km within this part (Figure 48). 

Then, the channel followed the same transport direction for 12 km and passed through a 

depression between SD-6 and SD-8 (Figure 51 & Figure 66), with a significant decrease 

in sinuosity to 1.15 (Figure 47). Similar to Channel 2, the maximum incision depth 
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increased within this section to 400 m (Figure 50). This part of the channel is 

characterized by an average gradient of 5.2 m/km and an average width of 2.5 km (Figure 

48 & Figure 49). Channel 3 reaches the modern seafloor within this section (Figure 7). 

After passing through a depression between SD-6 and SD-8, the channel was diverted to 

the east to flow directly on the top of SD-9 (Figure 51 & Figure 66). A significant 

increase in the channel sinuosity is observed within this part, as it reaches to a value of 

1.74 (Figure 47). This part of the channel has an average width of 2.7 km and a maximum 

erosional depth of 420 m (Figure 49 & Figure 50). Average gradient decreases to 1.7 

m/km, as a result of salt-influenced uplift (Figure 48). Compared to Channel 2, deposits 

filling Channel 3 are preserved more within this section (Figure 52). 

 

 

Figure 47: Graph showing sinuosity variations in the post-confluence section of Channel 

3. Zero point is the confluence point. 
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Figure 48: Graph showing gradient variations in the post-confluence section of Channel 

3. Zero point is the confluence point. 

 

Figure 49: Graph showing width variations in the post-confluence section of Channel 3. 

Zero point is the confluence point. 

 

Figure 50: Graph showing erosional depth variations in the post-confluence section of 

Channel 3. Zero point is the confluence point. 
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Mass Transport Complex 1 

The base surface of Mass Transport Complex 1 (MTC-1) is shown in purple in 

seismic cross sections represented in this study (Figure 53). It entered the study area after 

the formation of Channel 3, and it was deposited at the northwestern part of the 

submarine channel system, between two tributaries of Channel 3. This unit eroded the 

western flank of the N-3 tributary and the northern flank of the NW-3 tributary of 

Channel 3. The thickness of MTC-1 reaches a maximum of 170 m within the study area, 

and it gradually decreases downslope (Figure 54). 

 

 

Figure 53: Seismic cross section L-L′ showing the relationship between Mass Transport 

Complex 1 and other individual units within the submarine channel system. 

Location of the cross section is shown in Figure 54. 
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Channel 4 

Channel 4, the youngest channel within the submarine channel system, is shown 

in green in the seismic cross sections represented in this study (Figure 25). Unlike 

Channel 2 and Channel 3, seismic-reflection data show that Channel 4 does not have a 

northern tributary (Figure 59). This lack is probably a result of the complete erosion of 

the northern tributary of Channel 4, which should have been located above the N-2 and 

N-3 tributaries before being eroded by a younger mass transport complex. The channel 

entered the study area from the northwest within WB-2 and continued its pathway 

through the southeast for 18 km (Figure 59 & Figure 67), reaching a maximum erosional 

depth of 170 m (Figure 58). Within this part of the channel, it has an average width of 2.3 

km (Figure 57), an average gradient of 11.7 m/km (Figure 56) and an average sinuosity 

of 1.11 (Figure 55). Then, the channel was diverted to the east to stay within WB-6 for 15 

km (Figure 59 & Figure 67) as a straight channel (Figure 55). There are slight differences 

in channel parameters within this section, with a maximum incision depth of 160 m 

(Figure 58), an average width of 3.5 km (Figure 57) and an average gradient of 8.3 m/km 

(Figure 56). The channel changed its flow direction to the southeast again (Figure 59), 

with a dramatic increase in sinuosity, reaching to a value of 1.57 (Figure 55). In contrast, 

the channel displays sudden reduction in maximum erosional depth and channel gradient, 

where they decrease to values of 110 m and 2.4 m/km, respectively (Figure 56 & Figure 

58). Within this part, the channel has an average width of 3.7 km (Figure 57). After the 

highly sinuous channel section, it followed the same transport direction for 9 km as a 

straight channel (Figure 55 & Figure 59), with an average width of 4 km and an average 

gradient of 1 m/km (Figure 56 & Figure 57). The channel passed through a depression 

between SD-6 and SD-8 (Figure 59 & Figure 67), and increased its maximum incision 
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depth to 290 m within this part (Figure 57). Channel 4 reaches the modern seafloor within 

this section (Figure 7). Then, the channel changed its flow direction to the east again to 

flow directly on the top of SD-9 (Figure 59 & Figure 67). The channel increased its 

sinuosity to 1.52 and its gradient to 5.3 m/km (Figure 55 & Figure 56). The channel has a 

maximum erosional depth of 310 m and an average width of 3.7 km within this section 

(Figure 57 & Figure 58). 

 

 

Figure 55: Graph showing sinuosity variations in Channel 4. Zero point is where the 

channel entered the study area. 

 

Figure 56: Graph showing gradient variations in Channel 4. Zero point is where the 

channel entered the study area. 
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Figure 57: Graph showing width variations in Channel 4. Zero point is where the channel 

entered the study area. 

 

Figure 58: Graph showing erosional depth variations in Channel 4. Zero point is where 

the channel entered the study area. 
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Mass Transport Complex 2 

The base surface of Mass Transport Complex 2 (MTC-2) is shown in orange in 

seismic cross sections represented in this study (Figure 61). After the development of 

Channel 4, MTC-2 wiped out the entire study area, covered the whole submarine channel 

system pathway and reset the seafloor for a possible new phase of submarine channel 

evolution. It eroded both flanks of the westernmost section, and possibly the entire 

northern tributary of Channel 4. It is the youngest unit within the study area, and it 

mainly formed the shape of the modern seafloor. MTC-2 is significantly thick within salt-

withdrawal basins, reaching a thickness of 390 m, and it becomes highly condensed or 

nearly absent on the top of salt-influenced structural highs (Figure 62). 

 

Figure 61: Seismic cross section M-M′ showing Mass Transport Complex 2 covering the 

entire submarine channel system. Location of the cross section is shown in 

Figure 62. 
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Structural Controls on Submarine Channel Development 

The architecture of submarine channel systems is commonly complicated by the 

interaction between channel development and structures that shape the seafloor 

topography (Oluboyo et al., 2013). Structurally influenced topography, which predates 

channel development, can divert channels as they flow downslope (Mayall et al., 2010). 

Within basins that are rich in salt and sedimentation interaction, salt diapirism can 

complicate the bathymetric relief at the seafloor (Oluboyo et al., 2013). Salt-induced 

deformation affects the seafloor in the form of subsiding basins and bathymetric highs 

over salt diapirs (Oluboyo et al., 2013). Channels can be deflected by the seafloor 

expression of salt diapirism and may follow lows between bathymetric highs (Rowan & 

Weimer, 1998). 

The transport pathway of the submarine channel system is mostly dictated by 

paleobathymetry. Channels within the system mainly avoided salt-influenced structural 

highs, and they converged into salt-withdrawal basins (Figures 64, 65, 66 and 67). The 

NW-3 tributary of Channel 3 and the northwestern section of Channel 4 made a clear 

deflection of approximately 1 km to the north to avoid the structural high associated with 

SD-3 (Figure 66 & Figure 67). Before reaching the confluence point, they maintained 

their flow direction to the southeast within WB-3 (Figure 66 & Figure 67). The N-2 and 

N-3 tributaries entered the study area from the north and continued their flow through 

WB-3, toward the confluence point (Figure 65 & Figure 66). The post-confluence 

channel system changed its flow direction to the east, and the system passed near the 

structural high associated with SD-5 (Figures 64, 65, 66 and 67). After reaching the 

central part of WB-6, the channel system was diverted to the southeast with increasing 

sinuosity, to stay within WB-6 and avoid the structural high associated with SD-7 
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(Figures 64, 65, 66 and 67). Then, the pathway of the system continued in the same 

direction with decreased sinuosity and exited WB-6, toward the small depression between 

SD-6 and SD-8 (Figures 64, 65, 66 and 67). 

 

Figure 63: Seismic cross section N-N′ showing the timing relationship between the 

development of the submarine channel system and the growth of SD-9. 

Location of the cross section is shown in Figures 64, 65, 66 and 67.  

After passing through a depression between SD-6 and SD-8, an anomaly 

appeared. The channel system was diverted to the east to flow directly on the top of SD-

9, rather than staying within WB-7 or entering WB-8 (Figures 64, 65, 66 and 67). I 

explain this unexpected behavior by determining the timing of the growth of SD-9 

relative to the development of the submarine channel system. SD-9 resulted in a 

paleobathymetric high within this area when the submarine channel system was formed, 

which indicates that SD-9 predates the development of the submarine channel system 

(Figure 14). However, the growth of SD-9 caused only a small amount of positive 
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paleobathymetric relief (~100 m) compared to other active salt diapirs. It was probably a 

result of aggradation within depressions next to the diapir that smoothed out much of the 

bathymetric expression associated with salt (Figure 14). This relatively small structural 

high on the paleobathymetry was unable to divert the submarine channel system (Figures 

64, 65, 66 and 67). 

I also investigated the architecture of nearby strata to determine the timing of the 

growth of SD-9. I interpret that the horizon that represents a stratigraphic surface 

approximately contemporaneous with the formation of the submarine channel system is 

within the post-kinematic strata (Figure 24). This indicates that SD-9 predates the 

formation of the submarine channel system. However, the time-equivalent strata with the 

submarine channel system are mainly tilted toward the salt diapir, and the basal surfaces 

of Channel 2 and Channel 3 are highly deformed (Figure 63). This deformation is most 

possibly due to the uplift of the salt diapir. This architecture suggests that another phase 

of salt movement started during the formation of the submarine channel system. 

Deposits filling Channel 2 are mainly eroded by a subsequent younger channel 

(Figure 40), and there is a sudden decrease in the gradient of Channel 2 and Channel 3, 

even to a negative value for Channel 2 within the southeastern part of the study area 

(Figure 36 & Figure 48). These differences in channel parameters suggest that SD-9 was 

active again when Channel 2 started to form, as the architecture of these channels was 

affected by the growth of SD-9. However, the gradient of the youngest channel of the 

system (Channel 4) is increasing within this section (Figure 56). This suggests that the 

growth of SD-9 did not affect Channel 4, and SD-9 stopped growing before Channel 4 

started to develop. 
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CHAPTER 4. SUMMARY AND CONCLUSIONS 

The Campos Basin, located on the southeastern Brazil passive margin, is one of 

the most prolific basins in the South Atlantic (Mohriak et al., 1990). Sand-rich turbidite 

systems are the most productive reservoirs rocks within the basin (Bacoccoli & Toffoli, 

1988). Submarine channels are one of the primary erosional and/or depositional elements 

within turbidite systems (Mutti & Normark, 1987, 1991; Normark et al., 1993; Piper & 

Normark, 2001). Understanding the controls on submarine channel evolution is crucial 

for establishing a model for the development of turbidite systems (e.g., Mayall et al., 

2006). 

Existing research about the development and evolution of submarine channels 

within the Campos Basin is focused on the controls of sediment supply, relative sea-level 

fluctuations and tectonic activity (e.g., Mohriak et al., 1990; Peres, 1993; Bruhn & 

Walker, 1995; Rangel et al., 2003; Fetter et al., 2009; Albertâo et al., 2011; De Gasperi & 

Catuneanu, 2014). Although there is extensive literature about the mechanisms 

controlling the development and evolution of submarine channel systems within the 

Campos Basin, few studies focus on the influence of salt-influenced structural 

deformation on submarine channel system evolution. The Campos Basin is structurally 

complex as a result of salt movement, and it is ideal setting in which to investigate the 

influences of structural deformation on channel evolution and architecture. 

In this study, I interpreted the relationship between submarine channel 

development and structural deformation within the study area by focusing on a post-

Miocene submarine channel system and investigating structural controls on each channel 

within the system. My study is entirely based on a 3D seismic-reflection volume, 

covering an area of approximately 1750 km
2
 in the central part of the Campos Basin that 
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attains a depth of 9 km. The study area is within the translational domain and the middle 

slope portion of the basin, where both extensional and compressional salt-cored 

architectures can be observed. 

I determined the structural configuration of the study area by mapping the top of 

the Aptian salt sequence, the modern seafloor and the horizon that I interpret to represent 

a stratigraphic surface approximately coeval with the formation of the submarine channel 

system. Salt movement controls the structural style of the study area by salt diapirism and 

by creating salt-withdrawal basins between these structural highs, as a result of the 

evacuation of deep salt. The entire study area is composed of nine salt diapirs (SD-1 to 9) 

and eight salt-withdrawal basins (WB-1 to 8) between these salt-influenced structural 

highs. I interpreted active and passive salt diapirs on the basis of whether the diapirs 

created a bathymetric relief. I also investigated the influence of salt structures on the 

architecture and the transport pathway of turbidite systems to determine the timing of salt 

diapirs. By using this approach, I demonstrated two uplift stages within the development 

of SD-9. 

The development and evolution of the submarine channel system started after the 

Miocene, and the system reaches the modern seafloor in the southeastern section of the 

study area. From oldest to youngest, the system started with three consecutive channels. 

A mass transport complex entered the northwestern part of the study area. It was 

followed by the youngest channel within the system. Finally, another mass transport 

complex covered the entire submarine channel system and reset the seafloor. 

Paleobathymetry mainly dictated the transport pathway of the submarine channel system, 

as channels within the system mainly avoided salt-influenced structural highs, and stayed 

in salt-withdrawal basins. However, I observed an unexpected behavior within the 

southeastern part of the study area, as the submarine channel system was diverted to flow 
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directly on the top of SD-9. I interpreted the driving mechanism of this anomaly as 

consequent events of; 

 SD-9 predates the development of the submarine channel system. However, the 

growth of this diapir caused only a relatively small amount of positive 

paleobathymetric relief, which was as a result of aggradation within depressions 

next to the diapir that smoothed out much of the bathymetric expression 

associated with salt. This relatively small structural high within the 

paleobathymetry was unable to divert the submarine channel system. 

 Another phase of salt movement started during the formation of the submarine 

channel system, deforming the basal surfaces of channels. 

 The youngest channel within the system (Channel 4) was not affected by the 

growth of this diapir, which suggests that the growth of SD-9 stopped when the 

youngest channel started to develop. 
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