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Abstract 

 

Structural framework and its influence on the Quaternary-age  

sequence architecture of the northern shelf of Trinidad and Tobago 

 

 

 

 

 

Stefan Wayne Punnette, M.S. Geo. Sci. 

The University of Texas at Austin, 2010 

 

Supervisors:  Paul Mann and Lesli J. Wood 

 
The North Coast Marine Area (NCMA) extends across ~7000 km2 of the northern 

Trinidad and Tobago shelf in water depths between 50 to 200 meters.  In 2009 the 

NCMA had two exploration blocks under active oil and gas exploration with gas 

production from the NCMA totaling ~ 1.1 tcf since 2002. All natural gas discovered to 

date in the NCMA has been interpreted as biogenic although one previous worker has 

speculated that a minor component of thermogenic gas is also present. The NCMA is 

located within a complex tectonic environment characterized by oblique strike-slip 

displacements between the Caribbean and South American plates at a rate of about 20 

mm/yr. The main faults of the 200-km-wide plate boundary zone include: 1) the El Pilar 
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right-lateral strike-slip fault zone to the south on the island of Trinidad and the Gulf of 

Paria which GPS results indicate to be largely inactive; 2) the North Coast fault zone 

(NCFZ) which coincides with the southern boundary of the Tobago basement terrane and 

appears to be slightly active with down-to-the-north, Miocene to recent oblique-slip 

movements on the NCFZ producing accommodation space for deposition of sediments 

along the northern shelf of Trinidad and Tobago; and 3) the Hinge Line fault zone 

(HLFZ) crossing through the NCMA and forming the focus of Chapter 2 of this thesis. 

The ~120 km long Hinge Line fault zone has an average east-northeast strike 

approximately parallel to the GPS-derived plate motion direction (080°), and  is a sub-

vertical, thick-skinned right-lateral strike-slip fault. Localized zones of transpression and 

transtension form locally where the trace of the fault deviates from the 080° direction of 

pure, right-lateral shear and these localized areas of complex faulting and folding provide 

important structural traps for Pliocene and Miocene gas reservoirs in the NCMA north of 

the HLFZ. Growth sequences along the HLFZ indicate that the fault activated in Miocene 

time and continues to up to the late Pleistocene (~500 k.y.) and in some areas forms 

active scarps on the seafloor. Structural maps and isochron maps were made for four 

horizons underlying the northern shelf of Trinidad including top Mesozoic basement, top 

Miocene, top Pliocene and seafloor. These maps support a change in terrigenous source 

area for the northern shelf of Trinidad: during the Miocene and early Pliocene, 

terrigenous sources were coming from the southeast through the Atlantic Ocean; during 

the mid-Pliocene to present the source area changed to the southeast through the Gulf of 

Paria.  
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The shallow seismic stratigraphic study of Chapter 3 analyzed two Pleistocene 

fourth-order shelf and shelf-edge stratigraphic sequences deposited over the past ~500 k.y 

in the western part of the NCMA. New micropaleontologic data tied to a well through the 

two sequences B and C constrain the initial deposition of each sequence ~450 k.y 

(Sequence B) and ~260 k.y. (Sequence C). The lithologic well log shows that the 

sequences are sand, shale, and thin limestone. Seismic interpretation allows division of 

sequences B and C into eight system tracts which include: 1) lowstand system tracts, 2) 

transgressive system tracts, 3) highstand system tracts and 4) falling stage system tracts. 

Two lowstand systems tracts in sequences B and C are characterized by delta plain 

deposition of the Orinoco Delta with a north-eastward terrigenous source direction 

coming from the western side of Trinidad, through the Gulf of Paria. The falling stage 

systems tract of sequence C consists of a suite of ~20 – 45-m-high, 0.1° – 0.25°-inclined, 

and north-eastward-prograding muddy, shelf deltaic clinoforms marking the paleo-shelf 

edge. Fault controls penetrate into Sequence B and may have produced accommodation 

space but do not penetrate into overlying Sequence C which therefore must have been 

eustatically controlled.  These Pleistocene sequences may provide a more recent analog 

for Miocene and Pliocene age sequences and reservoirs that form the highly productive 

horizons of the NCMA gas field.   
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CHAPTER 1 
 
 

Introduction to the thesis 
 

 

1.1. SIGNIFICANCE AND MOTIVATION OF THE STUDY 
 

The North Coast Marine Area (NCMA) of offshore Trinidad and Tobago in the 

southeast Caribbean Sea is a major region of natural gas production and exploration. The 

NCMA is located ~50 km north of the island of Trinidad and west of the island of 

Tobago on the modern day shelf and slope in water depths ranging from 50 to 200 meters 

(Fig. 1.1). The NCMA (Figure 2.1) extends across ~7000 km2 of the northern shelf and 

slope of Trinidad with two active exploration blocks in 2010 totaling ~2400 km2 in 

surface area and with gas production ~1.1 tcf since 2002 (IHS, 2010). The Ministry of 

Energy and Energy Industries of Trinidad and Tobago (MEEITT, 2010) estimates that the 

other three open exploration blocks contain an estimated 1.3 trillion cubic feet (tcf) of 

reported natural gas reserves in progradational shelf deltaic deposits of Miocene and 

Pliocene age. The NCMA has been a focus of exploration and production activity for 

natural gas found along an elongate east-west trend, extending into offshore Venezuela, 

for almost forty years (Figure 1.1 and 1.2). In the entire area of Trinidad and Tobago, oil 

production has decreased from 220,000 barrels of oil per day (BOPD)  in 1980 to 

110,000 BOPD in 2001, whereas gas production has increased from 100,000 barrels of 

oil equivalent per day (BOE/D) in 1980 to 300,000 barrels of oil equivalent per day 

(BOE/D) in 2001 (MEEITT, 2010). The initiation of the Liquefied Natural Gas (LNG) 
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industry in Trinidad in 1999 further expanded natural gas exploration to levels of 648,268 

barrels of oil equivalent per day (BOE/D) in 2009 (MEEITT, 2010). The estimated total 

recoverable gas reserves for all areas of Trinidad and Tobago are ~53 tcf (IHS, 2010). 

The Columbus Basin of eastern offshore Trinidad contains the majority of the 

recoverable gas reserves with ~38 tcf gas. However the NCMA contains the second most 

prolific area of natural gas production with ~3.5 tcf of recoverable gas reserves (IHS, 

2010). 

The majority of the hydrocarbon reserves of offshore Trinidad is both in the 

NCMA (Persad, 2009) and in the eastern offshore area (Wood, 2000) are trapped in 

Tertiary shelf and shelf-edge deltaic depositional systems. As a result, opportunities for 

exploring new gas plays in the NCMA are numerous and according to the Ministry of 

Energy and Energy Industries of Trinidad and Tobago, the oil and gas production for the 

whole country by 2015 is projected to be ~ 1,000,000 BOE/D for gas and ~180,000 for 

oil.  If the country is to achieve these reserve numbers, however, there is a need to 

improve our understanding of the basic structural and sequence stratigraphic setting and 

architecture of the shelf deltaic deposits which make up the known gas reservoirs of the 

NCMA. 
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Figure 1.1: Tectonic map of the southeastern Caribbean based on CBTH data (Mann et 
al., CBTH atlas, 2009).  GPS vectors showing eastward motion of Caribbean 
plate at a rate of about 20 mm/yr in a direction of 080° were compiled by 
Calais and Mann (2009) and are shown relative to a fixed South American 
plate.  Original sources of GPS data include Weber et al. (2001) and Perez et 
al. (2001). The red box shows location of Figure 1.2.
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Figure 1.2: Depth to crystalline basement map with faults affecting basement rocks in the 
Trinidad and Venezuela region based on CBTH data (Mann et al., CBTH 
atlas, 2009).  Purple stars are giant gas fields from Mann et al. (2003) and 
updated by CBTH data (Mann et al, CBTH atlas, 2009). Grey areas are gas 
fields in the North Coast Marine area (NCMA) of offshore Trinidad from 
(Ministry of Energy and Energy and Energy Industries, 2010) and the 
Carupano basin of Venezuela from Yssacis (1997). 
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1.2. MOTIVATION FOR THE MASTER’S STUDY 
   

I became interested in a research study of the NCMA during an internship at BG 

Trinidad and Tobago in June – August 2007. During the internship I worked with 

subsurface well and seismic reflection data from the central block of the Southern basin 

of onshore Trinidad. The idea of pursuing a more in-depth research project on the NCMA 

was encouraged by my internship mentor at BG, Dr. Stuart Burley, as well as by Dr. 

Stephen Babb, the BG exploration manager.  Drs. Burley and Babb helped me arrange a 

two year fellowship by BGTT to fund my MS study at the Institute for Geophysics of the 

University of Texas at Austin with Dr. Paul Mann and the CBTH- Phase II project of 

which BGTT was a sponsor.  Co-supervision of the thesis study was also provided by Dr. 

Lesli Wood at the UT Bureau of Economic Geology, especially in the area of interpreting 

seismic geomorphology from the 3D seismic data provided by BG for the study.  

The Caribbean Basins, Tectonics, and Hydrocarbons (CBTH) project  has 

supported and mentored several previous MS students on the areas of Trinidad and 

Tobago beginning with Phase I of the CBTH study in 2005: Soto (2007), Aitken (2005), 

and Garciacaro (2006) along with one PhD student supported by Phase II of the project 

that started in 2009 (Alvarez, in progress).  Since none of these previous studies had 

specifically addressed the structural or stratigraphic evolution of the NCMA and there 

was so little published data on the NCMA, Drs. Burley and Babb of BG decided to 

financially support my MS study on the area and provide BGTT subsurface data that 

could be used for the study.   
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Since the NCMA is an area of active and competitive exploration and production 

in the deeper zones of the basin, BG decided that the 2D and 3D data they would provide 

me for the study would be clipped at a depth of 2 seconds two-way time (TWT).  BG also 

requested that one focus of the thesis study would be detailed sequence stratigraphy and 

tectonic geomorphology observed in this uppermost 2 seconds two-way time of the 3D 

seismic volumes provided for the study.  The objective of BG was for me to use this 

Pleistocene section within the upper second as a recent analog for the development for 

older Miocene and Pliocene gas reservoirs found near the base of the sedimentary section 

in the NCMA.  To accomplish this goal, I involved Dr. Lesli Wood of the Quantitative 

Clastics Project (QCL) at the UT Bureau of Economic Geology as a co-supervisor of the 

MS study because of her extensive expertise on seismic geomorphology of shelf and 

slope systems of Trinidad using 3D seismic data (for example, Moscardelli and Wood, 

2008).   

Dr. Mann’s interest for the CBTH project focused on the structural setting and 

trapping of gas along the linear NCMA as seen on Figure 1.2.  In a previous study during 

the BOLIVAR seismic survey in 2003, the BOLIVAR group obtained one deep 

penetrating seismic line crossing the NCMA and Hinge Line fault zone (HLFZ) (Aitken, 

2005; Aitken et al., in press).   Robertson and Burke (1989) and Aitken et al. (in press) 

showed that in local areas the HLFZ exhibited a thrust-like character with an overlying 

anticline in the shallower section. This previous work showed the need to use other 

existing data to improve the structural understanding of the area including how the HLFZ 

changed along strike from Venezuela (Ysaccis, 1997) to the area north of Tobago (Speed 



 9

et al., 1989) (Fig. 1.2).  Aitken (2005) compiled BOLIVAR and other data from the area 

of the southern Tobago basin but only showed two seismic lines crossing the NCMA and 

HLFZ in his MS study.    

In this thesis the second chapter focused on structure and supervised by Dr. Mann 

makes use of the existing BOLIVAR line in addition to clipped 2D and 3D BG data 

provided by BG for the study, and deep penetration 2D data kindly provided by Mr. John 

Tinnin of Ion Geophysical and by Mr. Rick Roberson of PGS. Chapter two provides the 

structural and tectonic setting of the NCMA which is useful for understanding the larger-

scale structural setting of the more detailed 3D data in the third chapter.   The third 

chapter of the thesis supervised by Dr. Lesli Wood, focuses on the detailed stratigraphy 

and seismic geomorphology of the block within the 3D seismic area of coverage of the 

NCMA using the clipped 3D data set tied to 13 wells.  Chapters two and three were 

written as a stand-alone publications and therefore some of the introductory material 

about the tectonic and geologic setting of the NCMA is repeated. 
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CHAPTER 2 

 

Subsurface structure of the Hinge Line fault zone and its control on the 
distribution of major gas fields of the North Coast Marine Area 

(NCMA) of northern offshore Trinidad  

 

2.1. TECTONIC SETTING OF NORTHERN OFFSHORE TRINIDAD 

The boundary between the South American and Caribbean plates forms a broad 

zone of mainly east-west and east-northeast-striking strike-slip faults in the area of 

Trinidad and Tobago in the southeastern Caribbean Sea (Babb and Mann, 1999) (Fig. 

2.1).  Within this broad plate boundary zone lies the west-to-east-striking El Pilar and 

North Coast fault zones (Babb and Mann, 1999; Perez et al., 2001) (Fig. 2.1).  Weber et 

al. (2001) predicted that the movement along this strike-slip plate boundary in the 

Venezuelan region is taken up as purely right-lateral shearing along the east-west striking 

El Pilar fault with a motion of 20 ± 3 mm/yr in the direction of 090° ± 2°. However, in 

the Trinidad area, movement on the plate boundary occurs along more northeast-striking 

faults and produces a more complex, transpressional zone. In this transpressional zone, 

most of the interplate motion, 14 ± 3 mm/yr, is taken up on the Central Range fault 

through the central part of the island (Weber et al., 2001; Crosby et al., 2009; Prentice et 

al., 2010). As the east-west strike-slip faults curve to the north from the areas of Trinidad 

and Tobago, the faults become increasingly convergent related to both increased 

transpression and westward subduction of the oceanic crust of the Atlantic Ocean beneath 

the Lesser Antilles island arc (Babb and Mann, 1999) (Fig. 2.1). 
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Figure 2.1: Tectonic map of the southeastern Caribbean based on CBTH data (Mann et 
al., CBTH atlas, 2009).  GPS vectors showing eastward motion of Caribbean 
plate at a rate of about 20 mm/yr in a direction of 080° were compiled by 
Calais and Mann (2009) and are shown relative to a fixed South American 
plate.  Original sources of GPS data include Weber et al. (2001) and Perez et 
al. (2001). The red box shows location of Figure 2.2.  
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2.2. DEFINITION, TECTONIC, AND HYDROCARBON SIGNIFICANCE OF THE HINGE LINE 
FAULT ZONE OF NORTHERN OFFSHORE TRINIDAD 
 

The 120-km-long Hinge Line fault zone (HLFZ) was first defined and named in a 

regional subsurface mapping study by Scott (1979) and later described in greater detail 

by Robertson and Burke (1989) using a much denser grid of 2D seismic profiles provided 

to them by industry for regional mapping of the area of the El Pilar fault zone and the 

offshore northern shelf and slope of Trinidad and Tobago (Fig. 2.2). Mapping by 

Robertson and Burke (1989) of the top of the Mesozoic basement and faults in the 

overlying sedimentary cover showed that the HLFZ marked a structural and bathymetric 

break, or “hingeline”, between the NCMA shelf to the south (50 - 125 m water depth) and 

the deepwater Tobago basin to the north (150 - 1500 m water depth) (Fig. 2.2). Robertson 

and Burke (1989) also postulated that the HLFZ coincided with a major tectonic terrane 

boundary separating the northern edge of the Caribbean arc terrane from a thinner, 

oceanic basement underlying the deepwater Tobago basin to the north.  They interpreted 

the structure of the HLFZ based on their interpretation of the seismic data grid as a 

relatively minor, right-lateral strike-slip fault with a lateral offset of less than ~10 km.  

Robertson and Burke (1989) and most subsequent workers including Algar and Pindell 

(1993), Ysaccis (1997), Babb and Mann (1999), and Escalona and Mann (in press) agreed 

that the Tobago terrane formed west of its current position and was translated eastward 

from the late Miocene to recent along right-lateral strike-slip faults that included the 

North Coast fault system that defined the northern coast of Trinidad (Fig. 2.1). 
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Speed and Walker (1991) and Speed and Smith-Horowitz (1998) argued that the 

HLFZ is not a major terrane boundary as suggested by Robertson and Burke (1989) and 

was instead encompassed within the much larger, monolithic Tobago terrane that is 

underlain by a single, arc-type basement underlying the shelfal area of northern Trinidad 

and the southernmost Tobago basin (Fig. 2.1). Speed and Smith-Horowitz (1998) 

identified five major tectono-stratigraphic intervals within the Tobago terrane: (1) 

oceanic lithosphere of Cretaceous or earlier ages, (2) marine sedimentary and island arc 

magmatic rocks of late Cretaceous age, (3) Paleogene island-arc rocks, (4) Paleogene and 

early Miocene forearc-basin rocks, and (5) Neogene sedimentary cover.  Their mapping 

showed the trace of the HLFZ to be linear with an east-northeast strike in the zone from 

the Venezuelan maritime border to more highly curving in the area to the northwest and 

northeast of the island of Tobago (Fig. 2.2). Ysaccis (1997) identified transpressional 

structures collinear with the HLFZ in the area of easternmost offshore Venezuela and 

proposed that this area known as the Carupano basin of Venezuela experienced a 

Paleogene extensional event followed by Neogene transpression and inversion of normal 

faults (Figs. 1.2; 2.1).    

Crustal refraction studies using the BOLIVAR offshore data by Christeson et al. 

(2008) showed a significant change in crustal thickness and basement slope from 28 to 6 

km across the HLFZ and supported the idea of Robertson and Burke (1989) that the 

HLFZ corresponded to a major terrane boundary underlying the northern shelf edge of 

Trinidad and Tobago (Fig. 2.1).  Seismic velocities of basement rocks of the Tobago 

terrane south of the HLFZ ranged from 5.8-6.1 km/sec and were consistent with the 
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velocity of island arc-type crust underlying the Aves Ridge and Lesser Antilles arc 

(Christeson et al., 2008). Interpretation of the coincident seismic reflection line by Aitken 

(2005) and Aitken et al. (in press) reveal that basement faulting at the HLFZ penetrates 

upward to varying levels of the overlying Miocene and younger sedimentary section that 

can be age dated by correlation of seismic lines with surrounding wells (Robertson and 

Burke, 1989).  

Maps from the Ministry of Energy of Trinidad and Tobago (MEEITT, 2010) 

show the distribution of Pliocene and Miocene gas fields aligned along a linear trend 

passing through the North Coast Marine Area (NCMA). The linear trend of gas field 

fields of the NCMA forms a ~ 15-km-wide and ~70-km-long elongate area of semi-

continuous gas fields that closely parallel the HLFZ (Fig. 2.2).   

Given the lack of published subsurface data other than data presented by 

Robertson and Burke (1989), the exact structural controls of the HLFZ on the NCMA gas 

fields have never been investigated prior to this thesis study.   My objective for chapter 2 

of this thesis is to see if there is a direct link between structural traps formed by strike-

slip-related deformation along HLFZ and the linear distribution of NCMA gas fields (Fig. 

1.2).  If this direct link exists, many new gas plays might be discovered along the less 

explored western extent of the HLFZ near the Venezuelan border and the far eastern 

extent of the HLFZ northeast and northwest of the island of Tobago (Fig. 1.2). 
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Figure 2.2: Mesozoic basement structure map of the area of the NCMA modified from 
basement map of Robertson and Burke (1989) contoured at an interval of 0.1 
seconds two-way time using a dense industry seismic grid.  To make this map, 
I took their original contour data, converted to points, and then redisplayed as 
a color contour map without contour lines. The Hinge Line fault zone 
extension to the east (white line) is Speed et al. (1989). GPS vectors showing 
eastward motion of Caribbean plate at a rate of about 20 mm/yr in a direction 
of 080° were compiled by Calais and Mann (2009) and are shown relative to a 
fixed South American plate. Small letters correspond to wells shown on well 
log cross sections in figure 2.5 A (transect A-A’) and figure 2.5 B (transect B-
B’).  
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2.3. OBJECTIVES OF THIS CHAPTER 
 

To test the idea of strike-slip fault control on the linear NCMA gas trend, the 

objectives of this chapter focused on the structure of the HLFZ and include the following:  

1) to use existing stratigraphic data and well ties from Robertson and Burke 

(1989), Aitken (2005), Aitken et al. (in press), and the CBTH atlas (2009) to correlate a 

grid of 2-D seismic reflection lines that were obtained from BG, Ion Geophysical and 

PGS for the purpose of this structural study (Fig. 2.3). 

 2) to use this interpreted grid of seismic reflection data to construct structural 

contour maps of the top Mesozoic basement and overlying chronostratigraphic surfaces 

previous mapped by Aitken et al. (in press) and in the CBTH atlas (2009); these maps can 

reveal how faults like the HLFZ and NCFZ controlled the evolution of the NCMA and its 

surrounding basins and basement highs.  

3) to use this interpreted grid of data to construct isochron maps of Late Miocene 

to Pleistocene clastic sedimentary units between the top of basement and the seafloor; 

these maps can reveal how basin geometries and terrigenous source areas changed during 

the evolution of the NCMA and its surrounding basins.  

4) to integrate serial, deep-penetration 2D seismic lines crossing the HLFZ with 

3D seismic volumes provided by BG that cross the uppermost 2 seconds two-way time of 

the HLFZ; this integration of 2D and 3D data allows a three-dimensional image of the 

along-strike changes in structure of the HLFZ.  
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5) to compare the interpreted structure of the HLFZ with previously published 

GPS data from Trinidad (Weber et al., 2001; in press) that show the rate and direction of 

present-day movements for plate boundary zone areas south of the HLFZ; these GPS 

displacement directions allow a detailed comparison of the observed fault structure along 

the HLFZ and NCFZ with plate kinematics. 

 

 

2.4. SEISMIC AND WELL DATABASE USED IN THIS CHAPTER 
 

The seismic reflection data used in this chapter consists of a combination of fully 

processed and migrated seismic lines provided to me for the purpose of this structural 

study by BG Trinidad and Tobago (Port-of-Spain, Trinidad), the Ministry of Energy and 

Energy Industries of Trinidad and Tobago (Port-of-Spain, Trinidad), Petroleum Geo-

Services (PGS) (Houston, Texas) and Ion GX Technology (Houston, Texas).  The 

combined seismic reflection data set covers a combined area of 4500 km2 across the 

northern shelf of Trinidad and extends down the slope of the southern Tobago basin (Fig. 

2.3).  

Due to the competitive sensitivity of data owned by BG in active exploration 

blocks of the NCMA, all 2D seismic lines provided to me by BG for this thesis were 

clipped to 2 seconds TWT (subsurface depth of~5000 ft). These lines clipped to 2 

seconds TWT are shown by the orange lines in Figure 2.3. Lines provided to me from the
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Figure 2.3: Map of the northern Trinidad and Tobago area showing the 2D seismic data 
(orange and black lines), 3D seismic data cubes (purple box). The orange 2D 
lines and 3D seismic cube are clipped at 2 seconds two way travel time. The 
black 2D lines extend to the acoustic basement.
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UTIG BOLIVAR survey (Aitken et al., in press; Escalona and Mann, in press), 

Petroleum Geo-Services (PGS), Ion Geophysical and The Ministry of Energy and Energy 

Industries of Trinidad and Tobago were not clipped and were recorded to depths of ~ 5 

seconds TWT.  These deeper penetration data shown as black lines on Figure 2.3 reveal 

not only the top of crystalline basement beneath the study area but also reveal localized 

intra-basement reflectors.  3D seismic data within the two 3D volumes provided to me by 

BG were clipped to 2 seconds TWT and are shown by the purple boxes in Figure 2.3.   

Chronostratigraphic picks on all lines in the dataset were determined from picks of 

intersecting seismic lines of Aitken (2005) and Aitken et al. (in press) and Ysaccis 

(1997). A single acoustic propagation velocity of 1524 ms-1 based on a study by Geo-

Marine Technology (2005) was used to make conversions from time to depth.  

 

2.5. DEPTH TO BASEMENT MAP USED IN THIS CHAPTER 
 

Top basement is defined in this study as the top of an igneous or metamorphic 

complex that is the inferred lateral equivalent of Cretaceous igneous and metamorphic 

rocks that are well studied and age dated on the island of Tobago (Snoke et al., 2001) and 

recovered in some of the deeper exploration wells from the northern shelf of Trinidad that 

have been compiled by Robertson and Burke (1989).  The impedance contrast between 

the igneous-metamorphic complex and the overlying late Miocene clastic section makes 
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the basement reflector a prominent reflector that is easy to recognize and map by 

Robertson and Burke (1989) and on most of the lines used in this study.  

The unclipped and deeper penetration 2D seismic lines that image basement are 

widely spaced in the data set I had available for the study, so I incorporated the top 

basement map of Robertson and Burke (1989) (Figure 2.2) into this study because their 

top basement map is based on a much denser and deeper penetration grid of seismic data 

than I had available. The contoured basement map of Robertson and Burke (1989) was 

first converted to points using ArcGIS and then these points were converted to a color 

shaded map of basement depth in time as shown in Figure 2.2.   In addition the basement 

fault layer from Robertson and Burke (1989) was modified in areas where my deeper 

penetration data were superior.       

The complex pattern of lenticular and fault-bounded basement blocks seen on 

Figure 2.2 is similar to many other continental borderlands in strike-settings in other parts 

of the world such as offshore southern California (Teng and Gorsline, 1989) and offshore 

northern Honduras (Rogers and Mann, 2007).  In these active, continental borderland 

settings, fault-bounded blocks exhibit complex patterns of tilting in relation to the 

kinematics of their bounding faults and the directions of plunge along their long axes 

(i.e., one end of an elongate block is tipped up to form a structural high while the other 

end is tipped down to form a depressed, basinal area).   

In northern Trinidad, basement blocks bounded by more northwesterly (thrust-

like) faults in the area of Tobago become increasingly elevated as predicted by the GPS 

kinematic model of Weber et al. (2001) because roughly east-west interplate motion will 
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produce transpressional deformation on northeast-striking faults (Fig. 2.2).  For example, 

the southwestward plunge of the lenticular basement block underlying the island of 

Tobago produces strong southwestward dip along the long axis of the block while 

northeastward plunge of the block underlying the Northern Range of Trinidad causes 

strong northeastward dip along the long axis of that block.  Weber et al. (in press) point 

out how the topography and geomorphology of the Northern Range of Trinidad reflects 

downward tilting of the western end of the range and uplift at the eastern end of the 

range. 

 

2.6. GEOLOGIC SETTING OF THE NORTH COST MARINE AREA (NCMA) 
 

Based on earthquakes compiled from the USGS earthquake dataset on Figure 2.4, 

the North Coast Fault Zone is considered to be the northernmost limit of the 

seismogenically active zone of crustal, right-lateral deformation associated with the broad 

South America-Caribbean plate boundary (Robertson and Burke, 1989).  This 

observation is confirmed by GPS data from Weber et al. (in press) showing that the 

Northern Range of Trinidad has almost the same velocity as the stable interior of the 

Caribbean plate and therefore there is limited, active, strike-slip faulting across the 

northern Trinidad shelf (Weber et al., 2001).  For this reason, rates of displacement on the 

North Coast and HLFZ are relatively small or absent compared to the most active plate 

boundary fault in Trinidad, the Central Range fault zone that accommodates about 80% 

of the total interplate motion (Prentice et al., 2010; Weber et al., in press).   
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Earthquake epicenters at depths from 0 to 200 km are densely concentrated in 

northern Trinidad area and reflect the presence of the west-dipping subducted slab of the 

Atlantic Ocean at these depths (Perez and Aggarwal, 1981; Russo et al., 1993; Babb and 

Mann, 1999) (Fig. 2.4). These deeper events (green dots in Figure 2.4) that cluster to the 

west of the NCMA region reflect tearing between the subducted oceanic slab and the 

unsubducted continental part of the South America (Molnar and Sykes, 1971; Clark et al. 

2008).  Stored seismic energy along crustal strike-slip faults can accumulate for centuries 

and is catastrophically released in infrequent large events, rather than the smaller more 

frequent events characteristic of sub-crustal subduction settings (Babb and Mann, 1999). 

Nevertheless, strong crustal earthquakes continue to be generated by oblique-slip 

movements along the HLFZ and NCFZ as shown by the oblique-normal focal 

mechanisms in Figure 2.4 that were compiled from the International Seismological 

Centre. A 6.7 magnitude earthquake occurred on April 22, 1997, along the North Coast 

fault zone at a shallow, crustal depth between 5 -15 km. This 6.7 magnitude event which 

occurred on April, 22, 1997, has a focal mechanism showing oblique normal faulting 

(Figure 2.4).  The HLFZ has one major 5.5 magnitude earthquake along its strike, which 

occurred at a very shallow depth of 4 km with a focal mechanism in 1997 combining 

elements of both right-lateral strike-slip and extension.  Both focal mechanisms indicate 

right-lateral transtensional shear along these segments of the HLFZ (Weber, 2001).
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Figure 2.4: Distribution of shallow to deep (20 - 200 km) earthquakes of magnitudes (Mw) ranging from 3.0 to 6.7 compiled 
from USGS catalogue from 1973 to 2010.  The trace of the eastward extension of the Hinge Line fault zone 
(HLFZ) is taken from Speed et al. (1989) and the trace of the westward extension of the same fault is shown in 
white from Ysaccis (1997).  CMT focal mechanisms (International Seismological Centre, 
www.isc.ac.uk/search/bulletin/index.html) showing oblique right-lateral slip at a depth of 4 km on the HLFZ and 
similar type of slip closer to Tobago at a depth of 15 km on the NCFZ both occurred in 1997.   
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2.7. RELATION OF HLFZ STRUCTURE TO ITS FAULT STRIKE 
 

The North Coast Fault Zone (NCFZ) is 7-15 km wide and consists of two discrete 

and anastomosing strands (northern and southern strands), and many smaller secondary 

faults associated with the main fault zone (Robertson and Burke, 1989) (Fig. 2.2). The 

southern strand of the NCFZ is transtensional with a dip-slip component of offset 

estimated to be as much as 4 km by Robertson and Burke (1989).  

The northern strand of the NCFZ consists of a discrete zone of three fault 

segments all with different strikes. The middle segment of the northern fault strand - 

which strikes 050° to 055°- has been interpreted by Robertson and Burke (1989) to be 

transpressional which differs in character from its neighbouring strands to the east and 

west that they considered to be transtensional.   The widely changing strikes of the 

NCMA and NCFZ mean that the character of these active strike-slip structures might be 

expected to vary rapidly along strike within the overall plate velocity field indicated from 

GPS data (Weber et al., 2001; in press).  Similar, abrupt changes in character along 

curving strike-slip faults have been described in other areas including the Marlborough 

fault system of New Zealand (Little and Roberts, 1997), the San Jacinto fault zone of 

southeastern California (Armbruster et al., 1998) and the Hosgri fault zone of California 

(Sorlien et al., 1999). 
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2.8. DESCRIPTION OF SUBSURFACE STRUCTURE AND STRATIGRAPHY OF THE NCMA 
 

The sedimentary infilling of the NCMA shelf and slope region began in the early 

Miocene with conglomerate and sandstone unconformably infilling low areas overlying 

an igneous and metamorphic basement complex of Mesozoic age of the Carupano basin 

of eastern offshore Venezuela (Ysaccis, 1997) and its along-strike extension in the 

southern Tobago basin of Trinidad (Speed and Smith-Horowitz, 1998; Snoke et al., 2001; 

Aitken et al., in press) (Figure 1.2). Interpreted deposition of these terrigenous clastic 

rocks occurred by northward and northeastward progradation of the distal Orinoco delta 

and perhaps smaller, more locally-derived deltas related to regressive cycles or “forced 

regression” during the late Miocene uplift of the Northern Range of Trinidad and the 

Paria Peninsula of eastern Venezuela during regressive cycles in the Miocene (Robertson 

and Burke, 1989; Babb and Mann, 1999; Cruz et al., 2007).   

Well log cross sections A-A’ and B-B’ modified from Ministry of Energy and 

Energy Industries of Trinidad and Tobago (MEEITT, 2010) illustrate the general 

stratigraphy of the northern shelf and slope of Trinidad.  Section A-A’ in figure 2.5A uses 

10 wells and runs parallel to the slope of northern Trinidad and roughly parallel and 

seaward of the HLFZ.   Section B-B’ in Figure 2.5B uses two wells and extends both the 

northern and southern strands of the NCFZ and northward across the HLFZ through the 

NCMA.   Along both transects the wells document the presence of a basal late Miocene 

conglomerate ranging in thickness form 500 to 3000 feet and occupying synclinal lows 

between the structural highs defined by high-angle, oblique-slip faulting along the NCFZ 

and the HLFZ.  The pattern of a late Miocene basal conglomerate infilling lows above a 
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crystalline or sedimentary basement is similar to that described by Babb and Mann 

(1999) using wells and seismic data from the Northern basin of Trinidad (Late Miocene 

Cunapo conglomerate).   Babb and Mann (1999) inferred that the Cunapo conglomerate 

marked the uplift of the Northern Range and early right-lateral strike-slip displacement 

on the El Pilar fault zone, a result that is consistent with more recent thermochronologic 

work on the Northern Range and Paria Peninsula (Cruz et al. 2007).  A similar wedge of 

late Miocene conglomerate is present along the northern strand of the North Coast fault 

zone and may also date its initiation of right-lateral shearing (Fig. 2.5).  A slightly 

angular unconformity is present beneath the late Miocene marine sedimentary rocks and a 

Mio-Pliocene and younger shelfal sequence.  Mio-Pliocene shelf sedimentation is 

characterized by conglomerate with a muddy matrix containing shallow- and deep- water 

foraminifera which is in turn overlain by dark shale with interbedded reef limestones and 

chalk (Robertson and Burke, 1989) (Figure2.5a). Overlying this unconformity is evidence 

for southwestwardly-prograding clinoforms (Fig. 2.5B) which appear to reflect the 

westwardly tilting and plunge of the elongate, east-northeastward-striking, structural high 

that runs parallel and is controlled by strands of the HLFZ (Fig. 2.2).   According to 

MEEITT (2010), laterally extensive reservoir sands correspond to the section above the 

unconformity that is characterized by clinoforms (Fig. 2.5A).     

In other areas of the NCMA, no conglomerate is present in wells and sandstone or 

shale lies unconformably on basement (Fig. 2.5).  Transects A-A’ and B-B’ (Figure 2.5) 

show the laterally extensive sandstone Pliocene reservoirs indentified by the Ministry of 

Energy and Energy Industries of Trinidad and Tobago (2010). The Pliocene and 
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Pleistocene in most areas of the NCMA is represented by silty claystone containing thin 

interbeds of fine-grained sandstone which are more abundant in the lower part of the 

basin (Robertson and Burke, 1989). The Pleistocene stratigraphy discussed in detail in 

Chapter 3 of this thesis consists mainly of shale with interbeds of reefal limestone and 

deltaic sand in the uppermost section.
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2.9. STRUCTURAL MAPS OF THE NCMA 
 

Top Mesozoic basement structural map. The regional top basement structural 

map was completed using the orange seismic lines from UTIG, PGS, MEEITT and Ion 

Geophysical superimposed on the structure map (Figure 2.6a). This top basement map 

shows a uniform dip of basement towards the southwest that is consistent with the 

deepening of basement in this direction and the rise of basement to the northeast with 

basement outcrops present on the island of Tobago (Snoke et al., 2001). Right-lateral, 

strike-slip faults mapped in this study and by Robertson and Burke (1989) deform the top 

basement surface and strike east-northeastwards (Fig. 2.6a).  The most elevated top 

basement surface, at 750 ms (~1875 ft), is present in the southeastern part of the study 

area near the coast of northeastern Trinidad and forms the easternmost subsurface 

expression of the Northern range uplift (Weber et al., in press).  The most depressed top 

basement surface (5500 ms below land surface (13,750 ft) is found in the northwestern 

part of the study area along the southern edge of the Tobago basin where the HLFZ 

marks a major crustal boundary between arc-type rocks to the southeast and oceanic 

rocks to the north underlying the deeper part of the basin (Christeson et al., 2008; Aitken 

et al., in press).  

The Miocene isochron map that represents clastic sediments infilling on top of the 

underlying basement surface shows that clastic sediments range in thickness from 450 ms 

(~1125 ft) near the uplifted island of Tobago to the thickest accumulation of clastic 

sedimentary rocks on the southern fringe of the Tobago Basin at ~ 3500 ms ( ~ 8750 ft) 
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(Fig. 2.7a).  I infer that the source area for Miocene sedimentary rocks would be from the 

south and southeast which would include the area of uplifted metasedimentary and 

Northern Range of Trinidad. The well cross section in Figure 2.5 shows that 

conglomerate units fringe the higher relief areas that were uplifted to form narrow ridges 

during the strike-slip phase.    

Top Miocene structural map (top of Miocene sedimentation). The top 

Miocene structural map (Figure 2.6b) shows east-to-west deepening of the Miocene 

surface across the shelf.  The shallowest areas of the top Miocene structural map in the 

east at ~600 ms (~ 1500 ft) and are associated with the subsurface expression of uplift of 

basement rocks on the island of Tobago. Towards the west there are two deep regions 

within the top Miocene surface.  The northern deep region at ~2400 ms (~ 6000 ft) is the 

southern fringe of the Tobago Basin and north of the HLFZ and likely represents the 

thinner, possibly oceanic crust of the Tobago basin (Christeson et al., 2008).  I infer that 

the southern deep region of the top Miocene surface is also deep (2400 ms) as a result of 

increased tectonic accommodation created by oblique-slip basement faulting between the 

NCFZ and HLFZ.  

The isochron map of Pliocene sedimentation that filled in on top of the top 

Miocene surface ranges in thickness from ~150 ms (~375 ft) near the island of Tobago 

and is thickest in the northwest region of the isochron at a level of 1080 ms (~3780 ft) 

(Fig. 2.7b). The Pliocene isochron has a thick south-southeast to north-northwest oriented 

basin ranging in thickness from 960 ms (~2400 ft) on the south downthrown side of the 

HLFZ to 1080 ms (~3780 ft) on the northern side of the fault. This area of thicker 
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sedimentation indicates that this small basin acted as a sediment pathway during Pliocene 

time to move shefal sediment northward into the Tobago Basin. This basin indicates that 

the majority of sediment prograding across the shelf from the Miocene through till the 

middle Pliocene was likely sourced from the Orinoco delta in the Gulf of Paria to the 

southwest. 

Top Pliocene structural map (top of Pliocene sedimentation). The top Pliocene 

surface (Figure 2.6c) dips from east to west with the deepest regions flanking the 

northwest and southwest edges of the map. Pleistocene sediments onlap the top Pliocene 

surface. The shallowest regions, at 420 ms (~1050 ft), of the top Pliocene surface are in 

the vicinity of the subsurface expression of the Tobago uplift on Tobago Island. There is 

a shallow, east-southeast to north-northwest trending arch at ~ 1200 ms (~5400 ft), which 

is flanked to the north and south by locally deeper regions of the top basement surface. 

The northern deeper region corresponds to the southern edge of the Tobago Basin 

whereas the southern deep region, at a depth of 1680 ms (~4200 ft), can be related to a 

small pull-apart basin bounded to the north and south by the transtensional segments of 

the HLFZ and NCFZ respectively (Fig. 2.6c).  

The isochron map of Pleistocene (Figure 2.7c) sediments that overlie the Pliocene 

structural surface show the thinnest region to the east with ~350 ms of section (~875 ft) 

and the thickest region in the southwest sector with ~1530 ms of section (~3825 ft). The 

thickening of the isochron in the southwest is a direct result of increased tectonic 

accommodation in the small pull-apart basin formed between the transtensional segments 

of the NCFZ and HLFZ. The thickest regions of Pleistocene sedimentation trend 



 35

southwest to northeast. This orientation of the thickest regions of sedimentation suggests 

a source direction from the southwest (Gulf of Paria) as opposed to the southeast 

(Atlantic Ocean) during Pliocene times. This change in sedimentation direction during 

the middle to late Pliocene agrees with the interpretation of Robertson and Burke (1989) 

who suggested that the sediment source direction for the northern shelf of Trinidad 

changed in the middle Pliocene from southeast (Atlantic Ocean) to southwest (Gulf of 

Paria).  

Seafloor structural map. The seafloor map (Figure 2.6d) shows a dip direction 

of the seafloor towards the north with the shallowest water at a depth of 30 ms (~75 ft). 

The seafloor deepens northward to a depth of ~ 900 ms (~2250 ft) which is beyond the 

shelf edge and HLFZ and into the southern part of the Tobago Basin. The seafloor 

overlies the Pleistocene sequence discussed in detail in Chapter 3. 
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Figure 2.6: Chronostratigraphic structural maps in the North Coast Marine Area 
interpreted using the seismic data as shown by the brown lines 
superimposed on the map and displayed in two-way travel time (TWT) in 
milliseconds (ms) (A) Structural map of top Mesozoic basement surface 
showing  the shallowest region to the east as a result of basement highs 
associated with the uplift of Tobago and deepens towards the west with the 
deepest portions of the top Mesozoic basement surface in the northwest 
region of the map associated with the Tobago basin. Contour interval is 250 
ms. (B) Structural map of top Miocene surface showing the shallowest 
region to the east as a result of basement highs associated with the uplift of 
Tobago and deepens towards the west. The deepest portions of the top 
Miocene surface flank the northern and southern portions of the map. 
Contour interval 75 is ms. (C) Structural map of top Pliocene surface 
showing the shallowest region to the east as a result of basement highs 
associated with the uplift of Tobago. The shallowest regions trend 
approximately southeast - northwest forming a small arch and flanked by a 
mini basin in the south between the Hinge Line Fault Zone (HLFZ) and the 
North Cost Fault Zone. The northern deep area is associated with the 
Tobago Basin. Contour interval is 60 ms. (D) Structural map of the 
Seafloor surface showing that the seafloor of the North Coast Marine Area 
slopes gently to the north with the shallowest region being in the south and 
the deepest portions to the north. Contour interval is 30 ms.  
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Figure 2.7: (A) Miocene isochron showing increasing thickening across the shelf into the 
Tobago basin. Contour interval is 100 ms. (B) Pliocene isochron showing 
thickening up to 960 ms (730 m) in the region south of the transtensional 
segment of the Hinge Line Fault Zone (HLFZ) which is downthrown to the 
southeast. Contour interval is 40 ms. (C) Pleistocene isochron showing 
thickening up to 1470 ms (1120 m) in the region between the western, 
transtensional segment of the HLFZ and the right-lateral strike-slip North 
Coast Fault Zone. Contour interval is 60 ms. 
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2.10. ALONG-STRIKE CHANGES IN STRUCTURAL STYLE ALONG THE HLFZ 
 

This section uses serial 2D seismic profiles along with some 3D time slices to 

characterize the ~ 120-km-long HLFZ in the NCMA (Fig. 2.8).  Serial seismic profiles 

across the HLFZ located on Figure 2.8 show that four fault segments formed by curving 

traces of the HLFZ. These four segments are distinct and can be interpreted as two 

different structural styles, transpressional and transtensional, within the ~ 120-km-long, 

HLFZ strike-slip zone. 

Fault segment A.  Along transtensional fault segment A striking 065°, the HLFZ 

is observed to be downthrown to the south with normal displacement decreasing 

eastwards as it transitions into the more transpressional fault segment B. The 

westernmost extent of the HLFZ in the study area is a thick-skinned and curving normal 

fault penetrating the Mesozoic basement seen in Line A (Figs. 2.8, 2.9). The fault is 

downthrown to the southeast with 900 ft (~275 m) of throw that deforms the Miocene 

through Pleistocene sedimentary section. The normal displacement along the fault in this 

region diminishes by the middle Pleistocene and post-tectonic deposition occurs in the 

latest Pleistocene as seen on Line A (Figure 2.8 and 2.9). The latest Pleistocene 

sedimentation represents the last fourth-order sequence (sequence C) discussed in 

Chapter 3.  
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Figure 2.8: Map of the tectonic framework of the Hinge Line Fault Zone (HLFZ). 
Seismic profiles  A, B, C, D, E, F, G, H, I, J, K, L and M are shown in 
figures 2.9, 2.11, 2.12, 3.13, 2.14, 2.15, 2.16, 2.17, 2.18, 2.19, 2.20, 2.21 and 
2.22, respectively. GPS vector showing eastward motion of Caribbean plate 
at a rate of about 20 mm/yr in a direction of 080° was compiled by Calais 
and Mann (2009) and is shown relative to a fixed South American plate. 
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Within fault segment A of the HLFZ, en echelon normal faulting associated with 

the right-lateral shearing of the HLFZ is observed in Line B and time slice at 1025 ms 

(~2560 feet) from within the 3D seismic volume (Figs. 2.8, 2.10). En echelon faults 

displace late Pleistocene sequences up to the lower limestone surface (Figure 2.11b), and 

are down-to-the-southwest with a northwest-to-southeast strike. The en echelon faults 

have on average a ~ 3 km northwest to southeast strike and a throw of ~ 45 ft (13.5 m). 

The northwest to southeast oriented en echelon normal faults, observed in time slice at 

1025 ms (Figure 2.11), are consistent with a right- lateral northeast to southwest oriented 

fault zone and sense of shear as depicted in the strain ellipse shown on Figure 2.8.  

East of the en echelon faulted shear zone the HLFZ continues to be down-to-the-

southeast as observed on Figures 2.12 – 2.14.  Line C (Figure 2.12) shows that the HLFZ 

is downthrown to the southeast with ~ 700 ft (~215 m) of throw. The fault displacement 

dissipates as it propagates into the younger sedimentary section. Line D (Figure 2.13) 

shows that the HLFZ consists of two faults down-to-the-south with ~ 750 ft (~230 m) of 

throw and fault movement ending by the late Pleistocene.  Line E (Figure 2.14) is the last 

expression of the HLFZ with down-to-the-south throw totaling ~130 ft (~40 m). The 

amount of throw along fault segment A shows an overall decrease from ~275 m in line A 

(Figure 2.9) to ~40 m as observed in line E (Figure 2.14).  East of line E, the structural 

regime of the HLFZ changes from being transtensional in segment A to transpressional in 

segment B.  
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Figure 2.9: (A) Uninterpreted seismic line A for fault segment A. (B) Interpreted seismic 
line A shows the HLFZ down-thrown to the south within fault segment A. 
The northern and southern boundaries of the North Coast Fault Zone are also 
displayed. Black box refers to figure 3.7.  
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Figure 2.10: (A) Uninterpreted seismic line B through the 3D seismic cube showing the 
shallow en echelon normal faulting of the HLFZ. (B) Interpreted seismic 
profile B showing en echelon fault structure consistent with oblique right-
lateral shear associated with transtensional fault segments A and B of the 
HLFZ. The red box highlights conjugate normal faulting within the zone of 
right-lateral shear.  
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Figure 2.11: (A)  Uninterpreted time slice at 1025 milliseconds (ms) (amplitude display) 
near the Upper limestone horizon with the map extent being the area of the 
3D seismic volume depicted in Figure 2.6. (B) Interpreted time slice 1025 
ms showing the distribution of en echelon normal faulting consistent with 
right-lateral shearing along the HLFZ.  
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Figure 2.12: (A) Uninterpreted seismic line C for fault segment A. (B) Interpreted seismic line C depicting the normal throw to 
the southeast typical of the HLFZ  for fault segment A. Bright spots associated with gas accumulations are closely 
linked to the HLFZ 

A B
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Figure 2.13: (A)  Uninterpreted seismic line D for fault segment A. (B) Interpreted 
seismic line D depicting the normal displacement downthrown to the south 
typical transtensional fault segment A of the of the HLFZ.  

BA
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Figure 2.14: (A)  Uninterpreted seismic line E for fault segment A. (B) Interpreted 
seismic line E depicting the normal displacement downthrown to the south 
typical of transtensional fault segment A of the of the HLFZ .  

A B
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Fault Segment B.  Segment B of the HLFZ strikes 045° and has a transpressional 

structural regime illustrated by three seismic cross-sections (Figures 2.15 – 2.17). Line F 

(Figure 2.15) shows the HLFZ propagating as a reverse fault in the basement structures 

with the hanging wall of the fault zone to the southeast being upthrown by ~ 330 ft (~100 

m). The fault expression in Line F evolves into a branching-upwards flower structure 

indicative of a strike-slip regime (Harding, 1985). The transpressional HLFZ in Line F 

(Figure 2.15) terminates near the top of the top Pliocene boundary and the fault 

expression is observed in the middle Pleistocene section. As segment B changes its strike 

to more north of east, the shortening observed along the HLFZ decreases. This is evident 

in Line G (Figure 2.16) which has the HLFZ hanging wall upthrown to the south but has 

a reduction in its displacement to ~ 160 ft (~ 50 m). This convergent trend observed on 

the HLFZ in line G continues to the northeast as depicted by successive reverse faults 

along the strike of this seismic cross-section (Figure 2.16). This fault segment terminates 

within the middle Pleistocene sedimentary section. 

The easternmost extent of fault segment B is characterized by flower structures 

and reverse faults shown on seismic lines H and M (Figure 2.8, 2.17 and 2.22). The 

reduction in reverse throw continues as fault segment B strikes more to the northeast and 

the HLFZ shows ~ 250 ft (~100 m) of reverse displacement on seismic line H.  However 

the HLFZ in line H has its upthrown hanging wall to the northwest in line H as opposed 

to southeast as was exhibited in lines F and G. Similar to the other seismic cross-section 

in segment B, the HLFZ shown in seismic line H terminates by the middle Pleistocene. 

Further, line H shows that the trend of strike-slip faulting associated with the HLFZ 
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continues in a north-eastward direction towards the shelf edge where a flower structure 

fault zone disrupts the modern seafloor.  
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Figure 2.15: (A) Uninterpreted seismic line F for fault segment B. (B) Interpreted seismic 
line F depicting the reverse faulting of top basement and the initiation of 
right- lateral strike slip faulting during the late Miocene. This line shows 
the beginning of tranpressional motion within fault segment B along the 
HLFZ.  
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Figure 2.16: (A) Uninterpreted seismic line G for fault segment B. (B) Interpreted 
seismic line G depicting the reverse faulting of top basement. The fault 
reverses motion beginning in the Pliocene and continuing into the 
Pleistocene suggesting strike-slip motion remains active on the fault. Line 
G lies within the transpressional fault segment B of the HLFZ. Bright spots 
are present within the Miocene strata along the HLFZ suggesting that the 
HLFZ is acting as a structural trap for hydrocarbons in the area.  
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Figure 2.17: (A) Uninterpreted seismic line H within fault segment B. (B) Interpreted 
seismic line H depicting the vertical flower structure and a compressional 
basement structure. Line H lies  within the transpressional fault segment B. 
Bright spots are present within the Miocene strata along the HLFZ 
suggesting that the HLFZ is acting as a structural trap for hydrocarbons in 
the area. 
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Fault Segment C.  Segment C of the HLFZ has an arcuate fault trace which 

ranges in strike from 115° to 063° with a transtensional structural regime illustrated in 

seismic lines I-K (Figure 2.7, 2.18, 2.20). The HLFZ strands within fault segment C are 

characterized by both flower structures and normal faults indicative of an oblique-slip 

normal fault that is consistent with the focal mechanism of the 1997 earthquake that 

affected this area (Fig. 2.4). Seismic line I (Figure 2.18) depicts the HLFZ as both a 

flower structure and a normal fault which is down-to-the-northeast with ~600 ft (~ 180 

m) of throw. The fault zone transitions into a down-to-the-northeast normal fault with 

~1020 ft (~ 310 m) of throw shown in seismic line J (Figure 2.19) located within the most 

arcuate section of fault segment C. As the HLFZ fault trace changes strike to a more 

northeastward orientation within segment C, the HLFZ is characterized by a flower 

structure as seen in seismic line K (Figure 2.20). Seismic line K shows the HLFZ as a 

transtensional growth fault with the hanging wall down-to-the-north with ~ 1130 ft (~ 

345m) of throw resulting in syn-tectonic deposition throughout the Neogene. HLFZ 

terminates at the seafloor along the length of segment C indicating that the fault is 

currently active and capable of producing shallow earthquakes.  
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Figure 2.18: (A) Uninterpreted seismic line I for fault segment C. (B) Interpreted seismic 
line I showing the HLFZ as a normal fault down thrown to the northeast. 
Line I lies within the extensional fault segment C of the HLFZ.  
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Figure 2.19: (A) Uninterpreted seismic line J for fault segment C. (B) Interpreted seismic 
line J showing the HLFZ as a normal fault down-thrown to the northeast. 
Line J lies within the extensional fault segment C of the HLFZ.  
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Figure 2.20: (A) Uninterpreted seismic line K for fault segment C. (B) Interpreted 
seismic line K showing the Hinge Line Fault Zone as a normal fault down-
thrown to the northeast. Line K lies within the transtensional fault segment 
D of the HLFZ.  
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Fault Segment D.  The HLFZ fault trace along fault segment D appears 

transpressional and strikes 055°. The HLFZ strands are characterized by both flower 

structures and reverse faults observed in seismic lines L and M (Figure 2.8, 2.21 and 

2.22). The HLFZ in seismic line L (Figure 2.21) deforms Neogene sediments up to the 

seafloor and is composed of two separate fault branches. Each fault zone is characterized 

by a normal fault down to the north with 1710 ft (521 m) of throw and a reverse fault 

with its hanging wall up thrown to the north with 130 ft ( 40 m) of displacement. The 

easternmost extent of the HLFZ is seen in line M (Figure 2.22) and is represented as a 

flower structure with a reverse component that is associated with the basement high near 

Tobago and breaks the seafloor to form a scarp that is ~ 125 ft (~ 50 m) high. 
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Figure 2.21: (A) Uninterpreted seismic line L for fault segment D. (B) Interpreted seismic line L showing the HLFZ as a 
normal fault down-thrown to the northeast. Line L lies within the transtensional fault segment D of the HLFZ.  

A B
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Figure 2.22: (A) Uninterpreted seismic line M spanning fault segments B, C and D. (B) 
Interpreted seismic line M showing the HLFZ within fault segments B and 
D. Within fault segment B the HLFZ is expressed as a simple flower 
structure which extends into the basement as a possible reverse fault. Within 
segment D the HLFZ is expressed as a reverse fault. Bright spots are present 
within the Miocene strata along the HLFZ suggesting that the HLFZ is 
acting as a structural trap for hydrocarbons in the area.  
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2.11. DISCUSSION 
 

Driving mechanism of right-lateral slip along the HLFZ.  The HLFZ (Figure 

2.8 and 2.25) is a right-lateral strike-slip fault formed as the result of the Caribbean Plate 

moving horizontally to the east relative to the South American plate. Oblique collision 

during the Middle Miocene between the Caribbean and South American plates may have 

been originally responsible for initiating right-lateral slip on the North Coast and El Pilar 

Fault Zones (Babb and Mann, 1999).  

The partitioning of right-lateral slip motion into transpressional and transtensional 

structural regimes is caused by the change in strike of the HLFZ trace relative to the 080° 

direction of the Caribbean plate motion relative to the South American plate at a rate of 

about 20 mm/year (Weber et al., 2001; in press) (Fig. 1.1). The two transtensional zones 

of the HLFZ, segments A and C, have strikes of N65°E and N63°E which are in close 

alignment to the 080°direction of plate motion. However, HLFZ fault trace segments B 

and D are oriented 045° and N55°E respectively, which are more oblique to the direction 

of the moving plate at N80°E (and therefore more transpressional with more associated 

folding and uplift above the fault zone). Assuming a pure strike-slip direction at 080° 

based on the GPS vector in northern Trinidad, segments B and D are at an angle greater 

than 25° to this pure strike-slip direction resulting in predicted convergence along these 

fault segments (Figure 2.23). However, fault segments A and C are less oblique to the 

pure strike-slip direction with angles less than 17° that produce extension along these 

segments (Figure 2.23). Consequently with a threshold angle smaller than 17° between 

the fault segment and the assumed pure strike-slip direction, a subtle transtensional 
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structural regime is observed when the angle is greater than 25°, a transtensional to rifted 

structural framework is observed. 

 

Effect of the HLFZ on hydrocarbon potential of the NCMA. The distribution 

of petroleum systems in the Carupano forearc basin of eastern Venezuela and the 

southern Tobago basin of western Trinidad (Figs. 1.2 and 2.24) follows a northeastern 

trend between the Lesser Antilles Arc in the west to the island of Tobago in the east 

(Figs. 1.2; 2.2).  The NCMA gas fields are mostly biogenic gas with a possible minor 

component of thermogenic gas derived from Cretaceous aged source rocks (BG, personal 

communication, 2009, Persad, 2009). In the Venezuelan offshore region, the origin of 

natural gas has been described to be thermogenic whereas in the NCMA of Trinidad it is 

considered to be biogenic gas.  The reservoir formation in the Hibiscus field of the 

eastern NCMA regions consist primarily of unconsolidated sand with interstitial clays 

and interbedded shales with lithologies of the formations being sandy, mixed and muddy 

turbidites (Folefac et al., 2004). Porosity in these sands range from 10 to 21 % with 

permeability from 10 md to 1.0 Darcy and the net to gross for the Hibiscus wells was 

estimated to range from 75 to 100 % (Folefac et al., 2004). 

Biogenic gas is formed at shallow depths and at low temperatures by anaerobic 

bacterial decomposition of sedimentary organic matter, whereas thermogenic gas is 

formed at greater depths, either by thermal cracking of sedimentary organic matter into 

hydrocarbon liquids and gas ("primary" thermogenic gas), or by thermal cracking of oil at 

high temperatures into gas ("secondary" thermogenic gas) (Faber et al., 1992). 



 74

 

 

Figure 2.23: Schematic illustration of structural regimes associated with the HLFZ and 
their relationship to change in fault direction assuming a pure strike-slip 
direction of 080°.The red text shows the angle of obliquity between the pure 
strike slip direction and the fault segment orientation. GPS vector showing 
eastward motion of Caribbean plate at a rate of about 20 mm/yr in a 
direction of 080° was compiled by Calais and Mann (2009) and is shown 
relative to a fixed South American plate.  
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Biogenic gas is very dry (i.e., mostly methane), whereas thermogenic gas can be dry, or 

can contain significant concentrations of "wet gas" components (ethane, propane, 

butanes) and condensate (C5+ hydrocarbons) (Schoell, 1983). 

The distribution of temperatures, thermal maturation and type of source rocks are 

still incompletely known for the NCMA since this information is proprietary for the 

companies operating in the competitive NCMA region. Despite the lack of hydrocarbon 

information, the locations of potential gas accumulations have been inferred in the 

NCMA using ‘bright spots’ seen on seismic cross-sections used to analyze the HLFZ. 

Bright spots or amplitude anomalies in seismic reflection data may, in some cases, 

indicate horizontal gas-water, gas-oil, or oil-water contacts within the sedimentary 

section (Savit, 1974). These fluid contacts yield ‘flat spots’. In the case of the NCMA the 

bright spots may not be fluid contacts, but may be related to reflections from the top of 

well-documented gas fields (e.g., grey areas in Figure 2.24) that exist in the region as 

documented by both the Ministry of Energy and Energy Industries of Trinidad and 

Tobago (MEEITT, 2010) and the United States Geological Survey (2010) (Figure 1.2 and 

2.24). In addition, well B shows the presence of hydrocarbon reservoirs within faulted 

Miocene sandstone reservoirs (Figure 2.3). 

The bright spots observed along the northern side of the HLFZ are particularly 

associated with fault segments A, B and D of the HLFZ. The observed bright spots in 

transtensional fault segment A are seen on seismic lines A and C (Figure 2.9, 2.12 and 

2.24). These bright spots likely represent mostly Miocene biogenic gas accumulations 

structurally trapped against the sub-vertical trace of the HLFZ. The known structural 
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traps within these segments can be classified as extensional faulting structural traps 

(Harding and Lowell, 1979). The minor thermogenic gas component could be sourced 

from the deeper buried sediments of the Tobago basin (Aitken et al., in press), and the 

gas could be migrating up onto the shelf and navigating its way around fault P and fault 

X. Ultimately the gas may be trapped against the HLFZ with a smaller amount being 

trapped against fault P (Figure 2.24). The curving trends of the fields as shown on 

Figures 1.2 and 2.24 mimics the shape of the Tobago basin and its western extension into 

Venezuela where it is called the Carupano basin) (Fig. 1.1).   

Transpressional fault segments B and D also contain biogenic gas reservoirs, to 

the north of the HLFZ, as shown by bright spots on seismic lines F, G, H and M (Figure 

2.15, 2.16, 2.17, 2.22 and 2.24) and within Miocene sediments and structurally trapped 

against the HLFZ. Seismic line M (Figure 2.24) shows the only incidence of a Pliocene 

gas reservoir juxtaposed against the HLFZ. The structural traps within these segments 

can be classified as strike-slip structural traps (Harding and Lowell, 1979). The source for 

the thermogenic gas component in the reservoirs within transpressional fault segments B 

and C may be Paleogene sediments within the Tobago basin to the north. These 

Paleogene sediments in the Tobago Basin have been exposed to temperatures within the 

gas window, 120°C - 150°C, and could represent an important source rock for gas 

reservoirs on the shelf (Escalona and Mann, in press). The migration pathway for gas 

contained in fault segments B and D could potentially move across the shelf in a 

southeast direction travelling updip against fault planes and eventually migrating around 

the fault tips further north than the HLFZ until it is trapped against the HLFZ. 
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Figure 2.24: Gas field distribution map across the North Coast Marine Area on the 
northern side of the Hinge Line Fault Zone. The trace of the westward 
extension of the HLFZ is shown in white from Ysaccis (1997). The purple 
dots represent locations of bright spots observed on seismic cross sections. 
The basement map was interpolated from contours from the Caribbean 
Basins, Tectonics and Hydrocarbons research group (Mann, 2009). 
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Figure 2.25: Fence diagram integrating regional 2D seismic lines showing chronostratigraphic sequences color coded to the key in the bottom left and the changing character of the Hinge Line fault zone.  
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2.12. CONCLUSIONS 
 

The HLFZ is a right-lateral strike slip fault with localized zones of transpression 

and transtension that can be related to the current direction of plate motions known from 

previous GPS studies (Fig. 2.23). The distinction between these alternating zones of 

varying structural styles is highly dependent of the obliquity of eastward, strike-slip 

motion of the Caribbean plate in a direction of 080° as defined by GPS studies (Weber, et 

al., 2001; in press) and the strike of the various segments of the HFLZ fault traces.  Fault 

segments B and D with fault traces striking more north than N55°E result in 

transpressional structural regimes because obliquity between the motion of the Caribbean 

plate and the HLFZ is greater. However, fault segments A and C have a considerably 

lower angle of convergence between  the eastward motion of the Caribbean plate and the 

orientation of their fault traces, in directions of N65°E and N63°E, resulting in 

transtensional deformation of the HLFZ in these areas. Overall the HLFZ strikes north-

northeast, and generally strikes parallel to the other strike slip faults further south 

including the Central Range fault zone (Prentice et al., 2010).  

Oblique motions along the HLFZ during Miocene to recent times increases 

accommodation space for the deposition of clastic Miocene sediments and to a lesser 

extent Pliocene clastic sediments (fig. 3.7 A). However the effect of upward fault 

propagation along the western regions of the HLFZ terminates by the middle Pleistocene 

and has little to no effect on the creation of accommodation space for the eustacy-driven 

sequences B and C (discussed in detail in Chapter 3). 
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The HLFZ acts as a structural trap for biogenic and possibly thermogenic gas 

migrating from the Tobago basin onto the shelf. The gas is located in Miocene and 

Pliocene reservoirs and is consistent with an east-west trend of gas fields across the 

northern Venezuela-Trinidad margin 
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CHAPTER 3 

 

Late Quaternary sedimentary evolution of the North Coast Marine 
Area (NCMA) of northern offshore Trinidad 

 
3.1. INTRODUCTION 

 

The North Coast Marine Area (NCMA) - located north of the island of Trinidad 

and west of the island of Tobago on the modern day shelf in water depth from 50 to 200 

meters - has been a focus of exploration and production activity for hydrocarbon reserves 

for almost forty years (Figure 3.1). It is estimated that ~90% of the hydrocarbon reserves 

of offshore Trinidad are in deposits of shelf and shelf-edge deltaic depositional systems. 

The reservoirs of the NCMA are Miocene to Pliocene-aged, progradational, shelf-deltaic 

deposits. To increase hydrocarbon production there is a need to improve our 

understanding of the architecture of shelf deltaic deposits which make up these 

reservoirs.   

The shallow stratigraphic section (upper 1000 milliseconds, ms) is characterized 

by multiple phases of shelf-deltaic progradation.  These prograding systems interacted 

with variations in eustasy, sediment supply and tectonics to produce a unique suite of 

depositional packages that thicken to the south within the NCMA, away from the shelf 

edge.  One interpretation by Suter and Berryhill (1985) claims that shelf-delta evolution 

models derived from study of classic passive margin and shelf edge-centered 
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accommodation settings are inadequate to describe active margin deltaic systems and 

therefore do not provide good analogs for characterizing either the shallow or deeper 

reservoir facies.  An alternative view by R. Steel (personal communication, 2010) is that 

active margin deltas are identical to those in passive margin settings because deltas 

equilibrate to changes in geometry and slope at rates that are much faster than tectonic 

movements in active settings.      

This study aims at analysis of shelf deltas along the NCMA active tectonic margin 

(Figure 3.1).  Tools used in this study include seismic stratigraphy, seismic 

geomorphology, log analysis and biostratigraphic analysis.  Three-dimensional and two-

dimensional seismic, logging suites and rock samples are available for calibration and 

analysis. Geomorphometrics of systems elements are examined and clinoform 

architecture is mapped for comparison to similar architectures mapped in other studies 

providing a larger context within which to understand the deposits and help deduce 

depositional environment. Biostratigraphic data enable age dating and linkage of deposits 

to possible eustatic sea-level drivers of forced regression.  The study area is characterized 

by transtensional tectonics dominated by the NCFZ and to a lesser extent by the weakly 

active HLFZ (See Chapter 2). New biostratigraphic ages helped me to deduce the extent 

to which sea level may or may not have dominated over tectonics to drive 

accommodation regimes and resulting geometries seen on the NCMA shelf.   
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Figure 3.1:  Map of the southeast Caribbean.  Location of the 3D and 2D seismic data 
used in this study is indicated by the red box in the North Coast Marine Area 
(NCMA).   The Caribbean plate to the north is moving eastward at 20 mm/yr.  
GPS vectors are from Trenkamp, 2002; Weber, 2001; and Calais and Mann, 
2009.  Colors indicate water depth with dark colors being deeper and light 
colors being shallow.  Green is exposed land.  



 85

Venezuela 
Basin

Grenada 
Basin

Barbados 
Ridge

Lesser 
Antilles

Aves 
Ridge

Caribbean 
Plate

South American 
Plate

Venezuela

Columbus 
Basin

Barbados 
Accretionary

Prism

Tobago 
Basin

GPS Vector

Orinoco 
Delta

Guyana Shield20 mm/yr

Atlantic 
Ocean

Carupano Basin Fig. 3.2



 86

3.1.1. Objectives 
 
 The specific objectives of this study are to: 

1. Determine the environment in which recent sediments were being deposited on 

the North Coast Marine Area 

 

2. Evaluate how sediment was partitioned during sediment delivery/deposition and 

preservation and how deltaic architectures evolved in tectonic settings where 

accommodation was not focused at the shelf edge as in most classic, passive-

margin-based deltaic progradational models.   

 

3. Utilize an understanding of sediment distribution on the NCMA shelf to examine 

variability of sea level and tectonically-driven accommodation as a control on 

sequence development.   
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3.1.2. Data Availability 
 

The data used in this study includes a composite 3D seismic volume, which 

covers ~1400 km2 of the shelf and extends to a depth of 2 seconds of two way travel time 

(~1800 m) (Figure 3.2). A single acoustic propagation velocity of 1524 ms-1 was used to 

make conversions from time to depth (Geo-Marine Technology, 2005). The 3D seismic is 

comprised of two individual surveys, NCMA 3D and NCMA 3D_A, which are 800 km2 

and 600 km2 respectively (Figure 3.2). The data set also included 22 well bores which 

were tied to the seismic volume using checkshot data. Each well contains associated 

gamma ray and resistivity logs over the depth of the seismic volume. Well A (Figure 3.2) 

supplied 23 well cutting samples on which biostratigraphic analysis was conducted by 

Applied Biostratigraphix of Houston TX, the results of which provided age constraints 

for key horizons within the stratigraphic interval of interest in this study.   Table 1 shows 

the parameters of the seismic reflection data.  Resolution of the 3D seismic volumes over 

the interval of interest ranged from the seafloor to ~1525 m (~5000 ft) into the 

subsurface.
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Figure 3.2:  Free-air GEOSAT gravity map (reds are higher gravity, blues are lower 
gravity) showing the location of the study area indicated by the two 3D 
seismic cubes (purple boxes) covering an area of ~1400 km2. The 23 wells 
used in the study are shown as red dots.  
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Table 1: Information about 3D seismic data used in the study and located on the map in 
figure 3.2  

 

 

 

 

 

Survey NCMA 3D NCMA 3D_A

Blocks covered NCMA1 and NCMA 2 NCMA 2 and NCMA 4

Ship M.V. Geco Topaz N/A

Lines (Increment) 1479 (2) 2854 (1)

Distance between lines (m) 25 12.5

Traces (Increment) 3599 (2) 9728 (2)

Distance between traces (m) 25 12.5

Recording System Ocean bottom cable N/A

Source Bolt Airgun N/A

Streamer N/A N/A

Data sampling 2 ms 4 ms

Area coverage ~ 800 km2 ~ 600 km2

Time coverage 2 seconds 1.75 seconds

Archived BEG BEG
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3.1.3. Methodology 
 

Before seismic interpretation began, the well logging suites within the study area 

were tied to the 3D seismic volume using available checkshot surveys. Two separate 

seismic surveys having varying depths of information make up the composite data set 

used (Figure 3.2; Table 1). The log picks in these wells were compared with adjacent 

seismic lines and traces in order to establish a correlation between key stratigraphic 

surfaces identified in the wells with reflections from the seismic volume (figure 3.3). The 

strata over the interval of interest are known to contain several limestone beds that record 

major transgressions and flooding events across the area (De Verteuil, pers. comm., July 

2009). These beds show a low gamma count but high density and high resistivity within 

the logs. In addition, these limestone beds are very continuous, high amplitude reflections 

within the seismic data.  Both data sets provide good markers to link the logs with the 

seismic ensuring reliable correlation between the two data types. These two limestone 

intervals along with the modern seafloor are interpreted as major transgressive flooding 

events and therefore act as genetic sequence boundaries (defined in the sense of 

Galloway, 1989). The maximum flooding surface may actually lie some distance above 

the limestone. The limestone forms during slow transgression, is diachronous, and 

youngest landward, and its deposition is followed by deepening of water and maximum 

flooding overlying it (R. Steel, personal communication, 2010). 

These horizons (horizons 2, 4, and 6, upper limestone, lower limestone and the 

seafloor, respectively) were mapped across the northern shelf of Trinidad using a 
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workstation with a 20 by 20 line and trace spacing covering a study area of ~1400 km2 

(Figure 3.3). These horizons were interpolated, and then smoothed to create mapped 

surfaces. These mapped horizons provided a framework of sequence and systems tract 

bounding surfaces over the stratigraphic area of interest in the NCMA. In addition, these 

horizons provided a framework for various methods of seismic attribute analysis and 

subsequent mapping of geomorphic character within the interval (see Posamentier et al, 

2007 for review of seismic geomorphologic methods). Such mapping of the 

geomorphologic character of the intervals of interest aids in environmental and 

lithofacies interpretations. My analysis consisted of evaluating seismic reflection 

parameters which include amplitude, configuration and continuity as defined by Mitchum 

et al. (1977b).  In addition, the 40 Hz spectrum of the seismic was extracted using 

GeoProbe® software, after determining that 40 Hz was the dominant frequency domain 

for this dataset. Proportional slices (Zeng, 1998a) were used to extract images from the 

data volume over specific intervals of interest.   Proportional slicing involves extracting 

interval or surface specific seismic character between two non-parallel horizons, whereby 

the interval between the two horizons is proportionally divided into an equal number of 

“slices”. The lowstand stratigraphic packages were proportionally sliced at 4 ms intervals 

between horizon 2 and horizon 4 for sequence C and between upper limestone and 

horizon 6 for sequence B and then these stratigraphic slices were projected onto the 

spectral decomposition volumes to image the character of the lowstand feeder systems 

which are better developed than the highstand feeder systems. Proportional slicing, 

guided by the mapped horizons, improves the planiform delineation of morphologic 
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features, and eases the difficulty of mapping the architecture that detract from other 

display methods, such as horizon imaging or time-slice imaging (Zeng, 1998a). 

Spectral decomposition provides a means of utilizing seismic data and the discrete 

Fourier transform (DFT) for imaging and mapping temporal bed thickness and geologic 

discontinuities over large 3D seismic surveys (Partyka et al., 1999).  By transforming the 

seismic data into the frequency domain via the DFT, the amplitude spectra delineate 

temporal bed thickness variability while the phase spectra indicate lateral geologic 

discontinuities. The technique is good for making geologic interpretations since the 

seismic reflection from a thin bed has a characteristic expression in the frequency domain 

that is indicative of the temporal bed thickness.  

The age constraints within the section of interest were determined through 

biostratigraphic analyses of foraminifera and calcareous nannofossils from 23 well 

cutting samples from well A kindly provided by BG Trinidad and Tobago for this study 

(Figure 3.2). The biostratigraphic work was done by Applied Biostratigraphix of 

Houston, Texas, and their report is included verbatim as Appendix A of this thesis. The 

age information was derived from comparing calcareous nannofossils identified in the 

well cutting samples to known calcareous nannofossil events during the Neogene within 

the Gulf of Mexico. The nannofossils were grouped into zones and by comparison with 

δ18O isotopic stages, an age determination for various horizons were made. In addition, 

paleoenvironmental interpretations were made on intervals based on assemblages and 

abundances. 
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Figure 3.3:  Seismic reflection line in the strike direction through NCMA showing the 
key horizons mapped as part of this study. SB = Sequence boundary, TS = 
Transgressive surface. 
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3.2. REGIONAL SETTING 

 

3.2.1. Structural setting and accommodation regime 

 
The NCMA occurs within a complex tectonic environment characterized by 

oblique, right-lateral strike-slip motion between the Caribbean and South American 

plates (Robertson and Burke, 1989; Babb and Mann, 1999). The northern shelf of 

Trinidad is deformed by two major strike-slip fault systems: the NCFZ is a right-lateral 

strike-slip fault and continues the trend of right-lateral motion associated with the 

Caribbean plate moving eastward relative to a fixed South American plate. Both the El 

Pilar and North Coast Fault Zones (NCFZ) represent a transtensional zone, whose 

activity increased during the late Miocene (Babb and Mann, 1999).  The resulting right-

lateral strike-slip motion has affected the southern boundary of the Caribbean Plate 

(Algar and Pindell, 1993)  from the middle Miocene to the present (Figure 3.2). The 

HLFZ strikes east-northeast and is both transtensional and transpressional. The HLFZ 

may have originally formed as a normal fault separating two Cretaceous terranes (Snoke 

et al., 2001) and was later inverted as a result of oblique right-lateral shear. The extension 

to the west-southwest of the HLFZ intersects the NCMA 3D seismic volume (fig. 3.2) 

and expresses itself as a series of en echelon normal faults predominantly striking 

northwest with the downthrown side to the southwest as a result of the right-lateral 

oblique shearing. The surface expression of  these en echelon faults can be seen on the 
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Upper and Lower limestone surface maps, also called genetic sequence boundary-C and 

genetic sequence boundary-B, respectively (Figure 3.3, 3.12 and 3.13). 

3.2.2. Sediment supply 
 

Regional sedimentation in the Eastern Venezuela Basin (including the Columbus 

sub-basin) and the greater Trinidad area is dominated by the Orinoco Delta (figure 3.4). 

The delta itself occupies 22,000 km2 with a drainage area that spans ~1.1x106  km2 of 

northern South America (van Andel, 1967; Warne et al., 2002).  The delta lies between 

the Guyana Shield and the eastern Venezuela mountains (Figure 3.4 and 3.5); and is 

divided into upper (fluvial-dominated), middle (fluvial-marine-dominated), and lower 

(marine-dominated) delta regions according to Warne et al. (2002) (Figure 3.5). The 

Orinoco Delta is the world’s third largest drainage system in terms of fluvial discharge 

and eleventh largest in terms of sediment discharge (Milliman and Meade, 1983). 80% of 

the sediment that reaches the delta plain region is silt or mud (0.1 mm diameter) (Warne 

et al., 2002) and the sands are a uniform, quartz-arenite composition with limited 

variation along the delta (Johnsson et al., 1991).  R. Steel (personal communication, 

2010) points out that the sediment measurements of Milliman and Meade (1983) were 

made at highstand  modern times and do not take into account flood conditions which are 

the main times when sediment is partitioned between upstream and downstream. 

Moreover, during major floods there will be much more sand coming through the system 

that during non-flood times when these sediment measurements were made.  
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The paleo-Orinoco Delta has been the dominant source of sediment to the 

offshore areas of Trinidad, including both the east and north coasts. The paleo-Orinoco 

was originally oriented south to north (Gulf of Paria) and then switched to a more east-

west orientation during the middle-late Miocene (Diaz de Gamero, 1996). Post mid-late 

Miocene sediments of the Orinoco delta lie within the Trinidad shelf-margin sediment 

prisim from the Columbus channel out to the the Columbus Basin, and have been  

extensively studied and discussed (Wood, 2003; Steel et al., 2007).   It has been estimated 

that 40,000 feet of clastic sediments have been deposited by the Orinoco Delta on the 

eastern shelf of Trinidad (Wood, 2003). This begs the question if sediments continue to 

fill space on the NCMA, how are clastic sediments reaching the NCMA and what do 

these shelfal clastic sequences look like.  

The modern Orinoco delta lies ~ 35 km southwest of Trinidad and progrades 

eastwardly supplying sediment across the shelf and north toward the Gulf of Paria and the 

North Coast Marine Area. Modern Orinoco sediments are moved onto the northern shelf 

by the Guyana equitoral current (Figure 3.4) which also transports a smaller proportion of 

mud from the Amazon River to the shelfal regions. High sedimentation rates have been 

documented by Bowman (2003) and Steel et al. (2007) within shelf-edge deltas that 

repeatedly prograded from the shelf out to the shelf-edge of the Columbus Basin and by 

extension some of these sediments have been redistributed to the North Coast Marine 

Area.   High rates of sediment accumulation on the northern shelf documented by 

Bowman (2003) can be attributed to the accommodation space generated by the 

transtensional tectonics on the northen shelf in addition to the high sediment supply. 
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Figure 3.4:  Map of the Trinidad and Orinoco delta area showing the bathymetry across 
the shelf and the flow of the Guyana Equatorial Current (red arrows) which 
redistributes sediments from the Orinoco Delta to the North Coast Marine 
Area (NCMA). The purple boxes on the northern shelf of Trinidad illustrate 
the ~1400 km2 area of the 3D seismic cubes used in the study. Bathymetry 
was compiled from Warne et al. (1999).  

Fig. 3.5
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Figure 3.5: The hydrodynamics of the modern Orinoco Delta can be used to divide it into 
a river and tidal-dominated southeast sector versus the tidal and precipitation-
dominated central and northwestern sector. The delta can be further sub-
divided into upper (fluvial-influenced), middle (fluvial- and marine- 
influenced), and lower (marine-influenced) delta. Compiled from Warne et 
al. (1999).  

 

Modified from Warne et a l 1999

Marine (Lower) Delta

Fluvial-Marine (Middle) Delta

Fluvial (Upper) Delta



 99

3.2.3. Oceanographic setting 
 

Sediments from both the Orinoco and Amazon Rivers are partially redistributed 

around Trinidad by the Equatorial Guyana Current (Figure 3.4).  This redistribution is 

much more likely to occur during highstands as we have today than during previous 

lowstands when the delta was closer to the shelf edge and the much wider shelf would 

have impeded flow around Trinidad from the southeasterly direction (R. Steel, personal 

communication, 2010). The current bifurcates around the southeast corner of Trinidad 

into two branches. The westward branch of the Guyana current flows through the 

Columbus Channel and into the Gulf of Paria before exiting through the Dragon’s Mouth 

into the North Coast Marine Area (Figure 3.4). This branch of the Guyana current may 

have contributed finer-grained sediment and muds to the NCMA throughout the 

Holocene-Pleistocene.  Progradational directions for shelf deltaic deposits defined in this 

study indicate they are perpendicular to the northern Trinidad coast and they parallel 

currents issuing from the Dragon’s Mouth in the northern Gulf of Paria. The northward 

branch of the Guyana current flows along the east coast of Trinidad and is guided 

westward through the Grenada Passage by the uplifted Tobago arch (Tobago Island) 

(Figure 3.4). These westward-directed current deposits fine-grained sediments on the 

north coast shelf area and further north off into the Caribbean Sea. Along this northern 

shelf the Guyana current flows to the west with surface velocities of ~ 50-60 cm/s with a 

high of 90 cm/s. The westward flow decreases in velocity to ~ 10cm/s in the vicinity of 

100 m water depth. Further there is an eastward flowing counter current that develops 
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between 150 and 250m water depth and flows with a velocity of 30 cm/s (Wilson and 

John, 1997).  

These currents play an important role in the transport of fine-grained sediments, 

but mainly mud on the northern shelf. Mobile sediment is normally considered as moving 

in two distinct modes: suspension and bedload. Suspension occurs when the grains are 

entrained in the flow and are prevented from settling to the bed under gravity as a result 

of upward exchanges of turbulent momentum (Dyer and Soulsby, 1988). Bedload 

consists of grains travelling close to the immobile bed that are moved intermittently by 

the flow that then stops after the initial impulse has advected past. According to Dyer and 

Soulsby (1988), a higher shear stress of ~ 30 dyn cm-2 (2.96 x 10-5 atm) will cause 

sediment movement, although the duration of the events will control the total number of 

grains moved in any burst. Further, it is important to note that there are fundamental 

difficulties in obtaining values of the bed shear stress with errors less than about 30 - 40 

%. However, in the instance of unidirectional flow, the threshold velocity to move coarse 

sand (0.5 -1 mm) is ~ 2 cm/s where as the movement of fine sand occurs at a velocity of 

~ 1 cm/s (Miller et al., 1977). It is believed by the author that these currents while an 

important component of the depositional system are reorganizing fine-grained sediments 

and muds deposited by subaerial and deltaic systems issuing from south to north through 

the Gulf of Paria (figure 3.4). 
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3.3. SEQUENCE STRATIGRAPHIC FRAMEWORK OF THE STUDY AREA 

 
This section analysis describes the nature of the sediments deposited within the 

upper 2 seconds (~ 6000 ft) (fig. 3.2) depth interval (~1.93 M.a) of data coverage 

provided by the two 3-D seismic cubes.  Within this interval there appear to be two 

fourth-order sequences deposited over ~375 k.y (sequence B) and ~ 125 k.y. (sequence 

C) on the shelf. The sequences are composed of easily delineated systems tracts which 

can be examined for their morphology and sedimentologic character, and are imaged 

down to the elemental level (ie., topsets, foresets, distributary channels, crevasses, etc.).  

3.3.1. Stratigraphy 
 

The onshore geology of Trinidad has been extensively studied since the early 

1900’s, efforts in part driven by regional hydrocarbon exploration and development 

(Harrison and Jukes-Browne, 1899; Kugler, 1936; Suter, 1960; Barr and Saunders, 1968; 

Michelson 1976).  Kugler published the first geologic map of Trinidad and Tobago in 

1959.  Discovery of offshore hydrocarbons in the East Coast Marine area (Columbus sub-

basin) in the 1960’s led to development of a geologic and stratigraphic framework that 

was minimally associated with that developed by earlier onshore geologists until the 

1980’s and early 1990’s when more regional studies began to take place (Heppard et al, 

1998; Babb and Mann, 1999; Wood, 2000; Pindell and Kennan, 2001).  These studies 

resulted in barely a 3rd order understanding of the tie between the onshore and the eastern 

offshore stratigraphy (R. Steel, personal communication, 2010).  The NCMA was 
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initially a less explored hydrocarbon province with marginal public research done, and as 

a result the correlation of onland formations to the north coast offshore area has been 

nonexistent. Consequently, a formal formation nomenclature scheme has not been 

defined for the sedimentary units/packages of the northern shelf. Figure 3.6 attempts to 

compile a stratigraphic framework for the Holocene-Pleistocene (~1.93 Ma) sediments 

using well logs, seismic and biostratigraphic analyses. The biostratigraphic analysis was 

conducted by Applied Biostratigraphix of Houston, Texas (Appendix A) and the well 

cutting samples used in this analysis were provided by BG’s exploratory well A. To 

ensure that the lithology determined from the well logs was accurate to the seismic data a 

synthetic seismogram was generated to ensure accurate correlation between the well logs 

and the seismic data used in the study. The synthetic seismogram was generated utilizing 

the sonic and density logs. The synthetic seismogram generated shows a direct 

correlation between the pronounced wavelets in the seismogram to the limestone layers. 

The pronounced wavelets generated correspond to the high reflection coefficient 

associated with the high density contrast as wavelets pass across a boundary from a less 

dense clastic medium into a denser carbonate medium. 

On the north coast margin of Trinidad the sedimentary section extends ~ 9000 ft 

to Mesozoic basement. The ~3500 ft thick Pliocene and Miocene aged sediments were 

identified from well log picks derived from Yssacis, 1997 and the Holocene-Pleistocene 

sedimentary section (Figure 3.6) of the NCMA which has been sampled represents 5500 

ft (2 seconds TWT) of a section that ~9000 ft to basement. The base of the 5500 ft 

section provided an age of ~ 1.93 Ma (Figure 3.6). The lithology of the Pleistocene 
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stratigraphic section consists of interbedded shales, highstand limestones and lowstand 

deltaic sand. These limestones appear to have been deposited during fluctuations in sea 

level that flooded the highstand shelf. Water depth during deposition was inferred from 

benthic foraminifera analysis. This study focuses on the upper 2500 feet of the shelf 

stratigraphy which represents the latest two fourth order sequences deposited on the 

northern shelf and date back ~ 500,000 years (Figure 3.6 and 3.7).  

Though most samples are not rich in nannofossils, except for those within 

sequence C, the recovered nannoflora are age diagnostic and allowed for the recognition 

of almost all important biohorizons. Eight nannofossil events are recorded and are used to 

define the zonal boundaries as well as infer paleo environmental conditions. The 

nannofossil succession record identified was correlated with standard chronostratigraphy 

for age determinations. The lower limestone (~ 2100 ft, sequence boundary B) interval 

which was marked with a huge increase in the occurrence of shell fragments, the highest 

occurrence of Pseudoemiliania lacunose, and a small presence of Gephyrocapsa 

parallela at 2600 ft indicates that the zone of deposition for the lower limestone is 

Pseudoemiliania lacunose Zone and is calibrated to be in Isotope stage 12. The upper 

limestone interval (~1475 ft, sequence boundary B) lies within the Emiliania huxleyi 

Zone since samples at 1350 ft show small Gephyrocapsa-Emiliania huxleyi dominance 

which remains common to abundant until ~1600 ft. The Emiliania huxleyi Zone is 

interpreted to be within in the Isotope stage 5 or a little lower. Consequently, the duration 

of sequence B deposition occurred from isotope stage 12 through 5 (~500 k.y. – 125 k.y) 
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and this indicates that deposition within sequence C occurred from ~ 125 k.y.a to present 

where it is capped by the modern day seafloor (sequence boundary D).
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Figure 3.6: The stratigraphic framework for the ~6000 ft thick, Late Pleistocene (1.93 
Ma) sediments of the northern shelf area were compiled through integration 
of well logs, seismic, and biostratigraphic data from well A. The synthetic 
seismogram was generated to ensure accurate correlation between the well-
log derived lithologic data and the seismic data.  The biostratigraphic data 
and depositional environments were compiled from a biostratigraphic report  
done for thesis (Applied Biostratigraphix, 2010; Appendix A). TWT = two 
way travel time. GR = gamma ray log, RES = resistivity log, ms = 
milliseconds, Ma = millions of years. 
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B.

Trinidad

A.

Figure 3.7: (A) Seismic reflection profile illustrating Sequences A and 
B across the northern shelf of Trinidad showing the 
increased accommodation created for Sequence B by the 
North Coast Fault Zone. (B) Map indicates the location 
of the seismic profile displayed in (A). 
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3.3.2. Sequence Stratigraphic Analysis 

3.3.2.1 Sequence Stratigraphic Rationale 
 

The fundamentals of sequence stratigraphy are used to determine important, 

mappable horizons. Sequence stratigraphy originated from Sloss’s chronostratigraphic 

surface correlation study across North America (1962). Vail et al. (1977) further 

pioneered the concept of sequence stratigraphy by identifying repetitive stratal 

architectures in seismic reflection patterns and suggested that the surfaces were correlated 

in basins around the world, thus attributing the development of these global sequences to 

influences of eustatic sea level. This work, published by Vail et al. (1977), was 

accomplished using seismic data, and is the origin of the term seismic stratigraphy. 

Mitchum (1977) furthered the seismic aspect of this work by defining seismic reflection 

terminations: toplap, truncation, onlap, and offlap which bounded these cycles, which he 

re-termed “depositional sequences” that were composed of subunits termed systems 

tracts. Three systems tracts were identified by their seismic termination patterns: 1) 

Lowstand systems tract (LST), 2) Transgressive systems tract (TST), and 3) Highstand 

systems tract (HST). The depositional sequence approach to sequence stratigraphy places 

the sequence boundary either between the late highstand and the lowstand or between the 

highstand and the early lowstand. After 30 years of sequence stratigraphic work and 

developments there are two other widely accepted approaches to sequence stratigraphic 

interpretation. Genetic sequences introduced by Frazier (1974) and further developed by 

Galloway (1989) which used Maximum Flooding Surfaces (MFS) to bound their cycles.  
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A third method was introduced by Johnson and Murphy (1984) and further developed by 

Embry and Johannessen (1993) which recognizes Transgressive-Regressive sequences 

and uses the Maximum Regressive Surface (MRS) as the sequence boundaries. The 

concept of accommodation successions has been introduced by Neal and Abreu (2009).  

The framework of geometries is assumed to result from repeated successions of 

accommodation and sediment fill. Each full succession consists of component partial 

succession sets that are, sequentially: lowstand—progradation to aggradational; 

transgressive—retrogradation; and highstand—aggradation to progradation to 

degradation (Neal and Abreu, 2009).   

Despite the numerous debates that have promoted one model over others, there 

has been no general acceptance of any single approach to sequence stratigraphic analysis 

(Catuneanu et al., 2009). As a result, the best approach to undertaking a sequence-

stratigraphic analysis of a succession (i.e., which model is ‘best’) may vary with the 

tectonic setting, depositional setting, sediment types (siliciclastics, carbonates, 

evaporites), the data set available for analysis (e.g., seismic data versus well logs or 

outcrop observations), and even the scale of observation (Catuneanu et al., 2009).  For 

purposes of this research we have chosen to employ a genetic sequence approach to 

sequence stratigraphy for the following reasons: 1.) strong development of limestones 

marking the maximum flooding surfaces make them easy to recognize and map, 2.) 

biostratigraphic data indicate that we are in a dominantly marine or marginal marine 

setting, where it is difficult to identify any single incised surface that constitutes the 

lowstand surface of erosion. 
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3.3.2.2 Interpretation of Sequence Boundaries 
 

The key horizons interpreted within the study area included: 1. the seafloor 

(sequence boundary D), 2. upper limestone (sequence boundary C), 3.) lower limestone 

(sequence boundary B), 4.) transgressive surface C, 5.) lowstand boundary C and 6.) 

transgressive surface B.  Structure maps were produced on the seafloor, upper limestone 

and lower limestone surfaces.  Isochron maps were produced for both sequence B and 

sequence C.  The latter three surfaces were used to assist in proportional slicing of the 

data and to assist in geomorphologic mapping of elements within systems tracts.   The 

section here discusses the interpreted horizons A through C.   

The modern-day seafloor (Figure 3.11) acts as the uppermost boundary for 

sequence C. A structure map on the seafloor shows that the seafloor slopes towards the 

north and deepens. Depths on the surface range from 145 – 240 ms (360 – 600 ft). The 

most significant topographic features seen on this surface are numerous large pockmarks 

and craters with diameters averaging 100 to 350 meters and depths of 10 to 14 meters 

(Figure 3.11). Several areas of smaller pockmark development show diameters averaging 

1 to 50 meters and depths of up to 2 meters. Pockmarks typically form when gas or fluid 

episodically expulse through the seabed (Harrigton, 1985). The released gas carries fine-

grained sediment into suspension where bottom currents disperse the fines leaving the 

vacated holes on the seafloor.  

The upper limestone surface (Figure 3.12) acts as the lower sequence bounding 

surface for Sequence C and is the uppermost boundary for Sequence B (Figure 3.12). A 

structure map on the upper limestone surface shows that it shallows towards the east with 
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its deepest point towards the west. The upper limestone surface depicts the faint 

expression of the northwest to southeast oriented en echelon normal faulting associated 

with right-lateral oblique shear on the Hinge Line fault zone (Fig. 2.10). 

The lower limestone surface (Figure 3.13) acts as the lower sequence bounding 

surface for Sequence B and is the upper sequence boundary for Sequence A (Figure 

3.13). A structure map on the lower limestone surface show depths on the surface ranging 

from 755 – 1070 ms (1900 – 2675 ft), and that it shallows towards the east with its 

deepest reaches towards the west.  The lower limestone surface is cut by northwest to 

southeast oriented en echelon normal faulting associated with the right-lateral oblique 

shear on the Hinge Line Fault Zone. Further, the lower limestone surface shows minor 

compression as an east-to-west-oriented fold (Figure 3.13(B)) in the eastern region of the 

study area and is associated with the transpressional fault segment B of the Hinge Line 

Fault Zone (Figure 2.6). 

3.3.2.3 Isochron maps 
 

The sequence B isochron ranges in thickness from 168 ms to 468 ms (~ 420 – 

1170 ft) (Figure 3.8) across the study area and this from the southwest towards the 

northeast in response to the ongoing uplift of the Tobago arch. The thickening of the 

Sequence B isochron towards the southwest is attributed to the transtensional fault block 

downward movement along the North Coast Fault Zone increasing accommodation for 

the deposition within this sequence (figure 3.7 A). The movement of these basement 

blocks results in shelfal normal faulting and growth of strata across these faults which are 
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downthrown to the north. Sequence C isochron (Figure 3.9) ranges in thickness from 162 

ms to 432 ms (~405 – 1080 ft) and shows a larger thinner region in the northeast as a 

result of the Tobago arch uplift. The reduction in thickness is due to decreased motion on 

the North Coast fault Zone fault block which in turn reduced tectonic accommodation 

during the deposition of sequence C.  

3.3.2.4 System tract delineation 
 

Two primary sequences of the Late Quaternary, sequence B and sequence C, were 

the focus of this study. Sequence B deposition occurred over ~ 350,000 years and 

sequence C deposition took place over ~ 150,000 years (Figure 3.6). These durations 

define these sequences as fourth order in the definition of Vail (1977). The age 

constraints for deposition were derived from the δ18O isotopic stages assigned to samples 

taken from the Sequence Boundary B and Sequence Boundary C limestone marker beds 

during the biostratigraphic analysis (Appendix A).   The limestone layers identified as 

upper limestone (Sequence boundary C) and lower limestone (Sequence boundary B) 

represent maximum flooding events, or periods of rising sea level which would have 

allowed for the development of carbonate mounds and reef facies (Figure 3.10). 

Sequences B and C were divided into highstand (green), transgressive (yellow), lowstand 

(C1 and B1) and late highstand/ falling stage systems tracts (C2 and B2) (Figure 3.10).  

Sequence B is underlain by the Sequence Boundary B limestone (green in Figure 

3.10a), represented by a ~10 ft thick limestone unit deposited at maximum highstand. The 

limestone interval is represented by a deflection in the gamma ray log to the left and it is 
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a continuous, high amplitude reflector in the seismic data.  The thickness of this 

limestone layer averages ~ 50 ft increasing in thickness to ~ 220 ft in the eastern part of 

the study area. As sea level continues rising, the development of limestone layers were 

stagnated and highstand time marine shales were deposited over the limestone beds.  The 

falling stage (late highstand) systems tract (uncolored, B2) is deposited overlying these 

early highstand systems tract shales. The falling stage systems tract represents deposition 

which occurred during regression of the shoreline in response to falling regional and 

possibly global sea levels. Thickness of falling stage systems tract deposits range from ~ 

430 ft in the western region of the study area to ~ 230 ft in the eastern portion of the 

study area. The thinning of deposition in an eastward direction is a direct result of the 

shallowing of the basement nearer to the uplifted island of Tobago (Robertson and Burke, 

1989). The falling stage systems tract is comprised of marine shales as indicated by the 

gamma ray log and has low amplitude, sub-parallel-parallel continuous reflectors. The 

uppermost section of the  falling stage systems tract has oblique progradational 

clinoforms for which the topsets have been eroded by the subsequent deposition of the 

lowstand systems tract (uncolored, B).  Lowstand systems tract (B1) deposition in 

sequence B overlies the basal lowstand surface of erosion and is overlain by the 

transgressive surface.  Deposits of the lowstand systems tract are ~ 90 ft thick and have a 

blocky gamma ray well log signature. This blocky well log character is indicative of 

amalgamated distributary channels which comprise the delta plain deposition (Mitchum 

et al., 1994). The paleo-geomorphology of these deposits is discussed in Section 3.5. The 

lowstand package has low-moderate amplitude, variable continuous-chaotic parallel 
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seismic reflectors.  The deposition of lowstand package B1 occurred at the point of 

lowest sea-level fall which allowed for sediment to migrate across the northern 

continental shelf of South America as deltaic lobes into the study area north of Trinidad. 

The lowstand systems tract is overlain by the transgressive surface which marks the base 

of the transgressive systems tract (yellow). The transgressive systems tract ranges from ~ 

140 ft in the west and pinches out toward the east. It is an interbedded sand and shale 

succession which is illustrated in the gamma ray log and represents sedimentation as sea 

level begins to rise after lowstand deposition is complete. The transgressive systems tract 

(yellow) is capped by the upper limestone surface (Sequence Boundary C). 

Sequence C is underlain by the Sequence Boundary C limestone (green in Figure 

3.6a), represented by a ~10 ft thick limestone unit deposited at maximum highstand. The 

limestone interval is represented by a deflection in the gamma ray log to the left and it is 

a continuous, high amplitude reflector in the seismic data.  The thickness of this 

limestone layer averages ~ 40 ft increasing in thickness to ~ 80 ft in the eastern portions 

of the study area.  As sea level continues rising the development of limestone layers were 

stagnated and marine shales were deposited overlying the limestone beds.  As sea level 

continues rising the development of limestone layers were stagnated and highstand time 

marine shales were deposited overlying the limestone beds.  The falling stage (late 

highstand) systems tract (uncolored, C2), deposited overlying these early highstand 

systems tract shales, is itself comprised of shales as indicated by the gamma log. 

Seismically this interval shows low amplitude, sub-parallel to parallel continuous 

reflectors and the thickness of falling stage systems tract (C2) deposits range from 315 ft 
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in the western region of the study area to ~250 ft in the eastern portion of the study area. 

The falling stage systems tract (C2) shows oblique progradational shelf deltaic clinoform 

packages with preserved topsets. The oblique geometry indicates limited accommodation 

on the shelf during progradation. The shelf deltaic clinoforms will be discussed in detail 

in section 3.3.3.  The erosion of topsets in C2 by channel systems of C1 can be observed 

in the stratigraphic time slice at ~366 ms (Figure 3.15). Lowstand systems tract deposits 

in sequence C (uncolored, C1) are ~ 190 ft thick and show a “ratty” gamma ray well log 

signature, indicative of an interbedded sand and shale succession. The lowstand systems 

tract deposits (C1) are characterized by low to moderate amplitude, variable continuous 

to chaotic parallel seismic reflectors. The lowstand systems tract is overlain by the 

transgressive surface which underlies the transgressive systems tract (yellow in Fig. 3.10 

a). Sequence C deposition terminates with the transgressive systems tract (yellow in 

Figure 3.10 a) which ranges in thickness from ~330 ft in the west to ~ 75 ft in the east. It 

is a coarsening upward shale and sand succession which is reflected as a highly variable 

low and high measurements of the gamma ray log.  This character is interpreted to reflect 

increasing interbedding of sands and shales in response to decreasing marine energy due 

to rise in sea level and water deepening.   The modern day seafloor (Sequence Boundary 

D) forms the upper boundary of this sequence.
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Figure 3.8: Isochron map of Sequence B showing thinnest (180 ms) region to the northeast and thickest (468 ms) region to the 
southwest. 

N

5 km

162

198

432
468

234

270

306

396

342

414

Tw
o 

-w
ay

 tr
av

el
 ti

m
e 

(m
s)

Thin

Thick
Trinidad



 117

 

 

Figure 3.9: Isochron map of Sequence C showing thinnest (162 ms) regions to the northeast and thickest (432 ms) regions to 
the southwest 
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Trinidad

A

A’

Well A

B

A

Figure 3.10: (A) Seismic reflection profile illustrating the systems tracts 
interpreted within the section and the correlation of these 
systems tracts with the well logs. The section has been 
divided into transgressive systems tract  (yellow), early 
highstand system tract  (green), lowstand systems tract 
(uncolored, B1 and B2) and falling stage systems tract/ late 
highstand (uncolored, B2 and C2) .(B) Map shows the 
location of the seismic profile displayed in (A) and the 
intersection of the well with the seismic line. 
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Figure 3.11: Time structure map of the sea floor showing pockmarks created by gas escape in the southwestern part of the 3D 
seismic area. The pockmark trains highlighted in the white boxes are the largest of those scattered on the seafloor 
and have diameters averaging 100-350 meters and depths of 10-14 meters. The smaller pockmarks elsewhere 
range in diameter from 1-50 meters and depths up to 2 meters. The seafloor is the upper bounding surface of 
sequence C. 
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Figure 3.12: Time structure map of the upper limestone surface which acts as a genetic sequence boundary between sequences 
B and C. The en echelon normal faulting associated with the deeper HLFZ is expressed on this surface. 
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Figure 3.13 (A) Time structure map of the lower limestone surface which acts as a 
genetic sequence boundary at the base of sequence B. The en echelon normal 
faulting associated with the deeper Hinge Line fault zone is expressed on this 
surface. (B) Line drawing of the structural features on the lower limestone 
surface. 
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3.4. GEOMORPHOLOGY OF THE NCMA SHELF DELTAS 
 

Quantitative seismic geomorphology is a spatial, planform approach to 

interpretation and has been defined as the “quantitative analysis of landforms, imaged in 

3D seismic data, for the purposes of understanding the history, processes and fill 

architecture of a basin” (Wood, 2003). This analysis technique aims to analyze the 

morphometrics of channels, including: width, meander length, meander belt widths, and 

depths. Quantitative seismic geomorphologic approach has been applied to analyze the 

architecture of lowstand deposits which make up sequences B and C (B1 and C1). Gross 

morphology of the package was mapped and sinuosity and channel density within the 

lowstand sequences were noted.  The measurements are derived from highly detailed 

spectral decomposition proportional time slices extracted from 3D seismic data volumes. 

The lowstand package B1 (Figure 3.10) was proportionally sliced between the 

transgressive surface B and Lower Limestone (SB-A) at 4 millisecond (ms) intervals, 

whereas the lowstand package C1 was proportionally sliced between transgressive 

surface C and horizon 6 at 4 ms intervals (Figures 3.3 and 3.10).  The spectral 

decomposition seismic volumes generated for NCMA 3D and NCMA 3D_A were 

generated at a frequency of 40 hz. These time slices are considered to be a snap-shot in 

time (albeit approximately 10,000 yrs of amalgamated time) and were analyzed to 

examine how lowstand depositional architecture may have varied between sequences B 

and C. 
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3.4.1. Geomorphologic Interpretation of Sequence B lowstand (B1) 
 

The lowstand systems tract in sequence B is ~40 ms (~ 100 ft) thick and has a 

blocky gamma ray well log signature. The proportional slicing through lowstand systems 

tract B1 at 4 ms intervals produced several time slices with an abundance of geomorphic 

forms including, low sinuosity semi-braided channel forms. Figure 3.14 is a proportional 

time slice within the lowstand package B1 showing the characteristic channel 

morphology within the lowstand package. The time slice (Figure 3.14) is taken in the 4 

ms surrounding the 618 ms (470 m) depth within the subsurface. The spectral 

decomposition image shows narrow low sinuosity channels which are generally oriented 

to 033° across a wide expanse of the image and on average have a width of ~ 170 m.    

The channel lengths range from ~ 500 m to ~ 4 km. The channels have an overall 

sweeping character, starting with predominantly eastward orientation in the southwest 

region of the stratigraphic slice and transitions to a more north eastward orientation in the 

middle area of the time slice where the two seismic volumes merge. The channels in the 

eastern sector of the time slice have a north-westward oriented direction. This multiple 

orientation of the channels suggests possible multiple sources feeding these channels.  

However, the dominant source direction is definitely from the southwest, toward the 

mainland and the Dragon’s Mouth.  Individual channels are amalgamated into a sheet 

indicating deposition of a sand rich channel complex of the distal Orinoco delta plain 

during the Late Pleistocene.  This thick sheet shows a sharp-based gamma log signature 

indicating the basal lowstand erosional boundary beneath this sheet of low gamma count, 

thick, amalgamated, distributary channel system.  
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3.4.2. Geomorphologic Interpretation of Sequence C lowstand (C1) 
 

Lowstand (C1) depositional package in sequence C is ~ 75 ms (~ 190 ft) thick and 

has a ratty/jagged gamma ray well log character. This well log signature indicates a 

mixed sand and shale, generally coarsening upward succession. The lowstand package 

was proportionally sliced at a 4 ms interval and a variation in the development the 

sedimentary package was observed. Lowstand C1 began with the initial incision by small 

gullies (Figure 3.15). The time slice spectral decomposition image (Figure 3.15) is at an 

average of ~366 ms (~915 ft) deep within the subsurface. The spectral decomposition 

proportional time slice at this interval enhances the 45 - 70 m wide and ~1 – 5 km long 

gullies which initiated the formation of lowstand package C1. The low sinuosity gullies 

flow from both the south and southwest directions towards the north and northeast. The 

gully systems are concentrated in the centre of the study area with fewer being dispersed 

to the west and east of the centre regions. The gullies which start the formation of C1 also 

erode the topsets of the shelf deltaic clinoforms within the late highstand/ falling stage 

systems tract C2 (Figure 3.10 and 3.15). The dark blue areas between the dashed red lines 

on Figure 3.15(b) represent the offlap break points of the shelf deltaic clinoforms and the 

north – south gullies are observed to erode these delta topsets.  

The channel forms within C1 lowstand depositional package transition from the 

gully systems (Figure 3.15) to better developed channel systems (Figure 3.16). The time 

slice spectral decomposition image (Figure 3.16) is at an average of 288 ms (720 ft) deep 

within the subsurface. The time slice (Figure 3.16) depicts 175 – 1350 m wide channels 

with distinct distributary and inter-distributary zones. This time slice illustrates a mixed 
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sand and shale lowstand delta plain with large, distinct low sinuosity distributaries, 

bifurcating to the north surrounded by inter-distributary delta plain. The inter-distributary 

channels are on average ~2 km long, whereas the main distributaries, such as the 

bifurcating channel system in the center of the study area is ~20 km long. The low 

sinuosity channel systems generally flow from the south east towards the north and 

northeast, indicating a predominant source of the Orinoco River from the southeast 

feeding sediment through the Gulf of Paria. The incised channels may have been in filled 

during back filling as during sea level rise in an estuarine environment. 
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Figure 3.14: (A) Uninterpreted proportional slice through the 
spectral decomposition volume at 618 ms. (B) 
Proportional time slice through the spectral 
decomposition volume at 618 ms illustrating the 
low sinuosity channel forms deposited during the 
late lowstand (B1) of sequence B. The direction of 
deposition ranges from southeast to southwest but 
the channels discharge in a northerly direction as 
indicated by the blue arrows. Individual channels 
range from 100-250 m in width.  
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Figure 3.15: (A) Uninterpreted proportional slice through the 
spectral decomposition volume at 366 ms. (B) 
Proportional time slice through the spectral 
decomposition volume at 366 ms illustrating the 
low sinuosity gullies which developed during the 
initiation of the late lowstand (C1) of sequence C. 
Individual channels range from 45-70 m in width. 
The dark blue areas outlined by red dashed lines 
represent the clinoform rollover points and erosion 
of these topsets is observed by the north-south 
oriented channels. 
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Figure 3.16: (A) Uninterpreted proportional slice through the 
spectral decomposition volume at 288 ms. (B) 
Proportional time slice through the spectral 
decomposition volume at 288 ms illustrating the 
low sinuosity distributary channels which 
developed during the late lowstand (C1) of 
sequence C. The arrows indicate the direction of 
sediment input from the southwest and outward 
flow to the north. The channels range from 175 -
1350 m. 
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3.5. SHELF DELTAIC PACKAGES 
 

Clinoforms on modern shelves and slopes are widely categorized as fundamental 

building blocks of continental margin growth (Johanssessen and Steel, 2005). Regardless 

of the dominant lithology, clinoforms are comprised of three geometric elements: 1) 

topset, 2) foreset and, 3) bottomset (Figure 3.17). Clinoform morphology is strongly 

associated with the balance of marine processes to sediment supply and accommodation 

along the delta’s trajectory. The clinoform packages found on the North Coast Marine 

shelf of northern Trinidad are lithologically muddy and appear to be shelf-delta clinoform 

packages, rather than the traditional shelf-edge delta features documented on the eastern 

margin of Trinidad. Here we focus on muddy shelf clinoforms which are a particular 

class of clinoforms that form in low gradient settings (Cattaneo et al., 2007). The location 

where mud accumulates on continental shelves depends on several factors, including the 

amount of suspended particulate matter, the characteristics of sediment sources and the 

hydrodynamic energy controlling transport and/or deposition of the suspended fine 

particles (McCave, 1972). The muddy clinoforms which are responsible for the 

development of the late highstand/falling stage systems tract (C2) were analyzed to 

understand the slope and angles of individual clinoforms. Further the overall shelf 

clinoform package progradational verses aggradational development was analyzed by 

measuring the horizontal distance between sequential offlap break points (X) and the 

vertical distance between sequential offlap break points (Y) between the successive 

clinoform pairs (Figure 3.17). 
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Within the shelf deltaic package of interest (C2) there were 5 major clinoforms 

identified, A through E. These clinoforms have thickness/heights ranging from ~ 19 – 40 

meters (Table 2) considering that the offlap break for clinoform A was extrapolated due 

to unclear seismic data caused by several gas chimneys. The angles for the shelf 

clinoforms vary from a low of 0.11° - 0.26°. In the Mediterranean Sea, Late Holocene 

clinoforms share several additional characteristics having: (1) fine grained deposits up to 

35 m thick, (2) low-angle foreset dip of 1 or less, and (3) bottomset regions characterized 

by either a sharp termination of seismic reflectors or, more commonly, a low-angle 

transition to a distal shelf drape. Examples from the Mediterranean shelf clinoforms come 

from the Ebro (Diaz et al., 1996) and the Adriatic (Cattaneo et al., 2007). 

The clinoform progradation to aggradation ratios (P/A) (Table 3) fluctuated as the 

shelf deltaic packages between the clinoform pairs migrated across the shelf. Shelf deltaic 

package between clinoforms A and B, green package, (Figure 3.18 (c) and Table 3) starts 

off progradationally with some preservation of delta topsets but as the shelf deltaic 

packages advanced it is observed between clinoforms Band C, the blue package, that the 

progradation increased significantly and this is highlighted through a high 1600 P/A. It is 

also observed that the rollover point of clinoform C is lower than the rollover point of 

clinoform B corroborating the fact that the blue package (B-C) is significantly more 

progradational than the green package (A-B). The shelf delta becomes more 

agggadational between clinoforms C and D (purple package) indicated by the low P/A 

ratio of ~ 290 and the rollover point of clinoform D is significantly higher than clinoform 

C. The clinoform package between D and E (orange package) continues the overall the 
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shelf deltaic clinoforms are progradational effect across the shelf with a P/A of ~ 630 

(Figure 3.18 (c) and Table 3).
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Figure 3.17:  Schematic illustration of the anatomy of clinoforms and the various measurement parameters analyzed for 
individual clinoforms and between clinoform pairs. 
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Figure 3.18: (A) Uninterpreted seismic reflection profile 
which extends 900 ms TWT in depth. (B) 
Interpreted line drawing of  progradational 
muddy shelf deltaic clinoform packages 
which developed in the early lowstand  
deposits of sequence C. (C) Map indicates the 
location of the seismic profile displayed in 
(A). 
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Table 2: Measurements of individual clinoform foresets showing range of thicknesses 
and clinoform angles. 

 

 

 

 

 

Table 3: Measurements of progradation to aggradation ratios of sedimentary packages 
between clinoform pairs. 
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3.6. DISCUSSION 
 

3.6.1. Implications on sea level 
 

The relationship between late Quaternary marine carbonate sediments and climate 

change has been the subject of numerous studies in the past fifty years since Arrhenius 

(1952) first suggested that cyclical variations in late Quaternary calcium carbonate 

(CaCO3) content may reflect climatically induced variations in surface water 

productivity. Extensive work on these marine carbonates have produced sea level curves 

for the late Pleistocene epoch (Figure 3.19) which depict sea level fluctuations of up to 

120 m (395 ft) over the past 1.5 Ma. The sea level curve (Figure 3.19) depicts glacio-

eustatic fluctuations calculated from the benthic foraminiferal δ18O record from DSDP 

site 607, Bahama Bank in the Bahamas. It is noted from age versus depth curves for one 

platform interior and one platform margin core from Great Bahama Bank that rapid 

accumulation of platform carbonates started near 0.8 Ma (McNeill et al 1988, McNeill, 

1989). The flooding of the Bahama Bank, French Polynesia, and the Great Barrier 

Reef/Queensland Plateau systems in the late Pleistocene may not simply be the response 

to a single long term rise of sea level but a change in frequency and amplitude of global 

sea level fluctuations that occurred between 0.73 and 0.9 Ma (Figure 3.19) (Haddad et al., 

1993). After 0.73 Ma, sea level fluctuations of up to 120 m (Fairbanks et al., 1989) 

repeatedly flooded and exposed carbonate platforms and shelves at 100 k.y. intervals. 

Prior to 0.9 Ma, early Pleistocene fluctuations in sea level of 30 to 80 m which occurred 

at 41 k.y. intervals may not have been of sufficient amplitude to flood the platforms, or 
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sea level may not have flooded the platforms for a long enough time to produce 

significant carbonate sediment (Haddad et al., 1993). The period between 0.73 Ma and 

0.9 Ma marks a transition between 41 k.y. and 100 k.y. cycles.  

The lower limestone interval (sequence boundary B), in the North Coast Marine 

Area, has been dated at the δ18O isotope stage 12; hence the sequences of interest, B and 

C, have been deposited over the past ~ 500 k.y. whilst the sea level fluctuations have 

been dominated by 100 k.y. cycles. Sequence B deposition lasted until the upper 

limestone interval (sequence boundary C) dated at δ18O isotope stage 5 (~125 k.y.), 

indicating that the duration of deposition for ~ 1200 ft Sequence B is ~ 375 k.y. whereas 

the deposition time frame for the ~ 1000 ft Sequence C is ~125 k.y. 

Sequence B deposition occurred over a period, δ18O isotope stage 12 through 5, in 

which there were five major falls in sea level but the deposition of lowstand systems tract 

B1 most likely occurred during the last lowstand in this period, δ18O isotope stage 6, at 

which time sea level fall was ~115 m below present. Sequence C deposition occurred 

over a period, δ18O isotope stage 5 through 1, in which there were two major falls in sea 

level, the last of which is commonly referred to as the last glacial maximum around ~20, 

000 years ago. The deposition of lowstand systems tract C1 more than likely occurred 

during the last glacial maximum, at which time sea level fall was ~120 m below present 

and since this was the most significant lowstand of the last ~125 k.y. the development of 

well developed channel systems occurred as depicted in lowstand C1.  

In addition to recording the evolution of structural features on the northern shelf 

of Trinidad, the stratigraphic record gives significant insight into the depositional 
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environment and the way in which this environment changed over the course of the 

Holocene-Pleistocene. The two distinct observations are: (1) the preservation of topsets in 

late highstand/ falling stage systems tract (C2) as opposed to the eroded topsets of 

systems tract B2, and (2) the amalgamated, low-sinuosity semi-braided channels of 

lowstand B1 in comparison to the gully to channel system evolution of lowstand C1 

which included braided and linear channel forms with distinct distributary and inter-

distributary areas. The eroded topsets in B2 indicates a significant decrease in 

accommodation during the deposition of lowstand B1 during δ18O isotope stage 6. 

However, the increased preservation of topsets with oblique geometry in late highstand/ 

falling stage systems tract C2 suggests that there was little accommodation space 

available during deposition and the lowstand which resulted in the deposition of C1 did 

not regionally erode the underlying topsets. The channel form disparity between lowstand 

B1 and C1 would indicate that the better developed delta plain produced by channels of 

C1 had more time to develop during the lowstand caused by the last glacial maximum, 

and the initial incisions could have been infilled as a result of back filling in the 

subsequent transgression within an estuarine environment; whereas the lowstand 

responsible for B1 deposition possibly had a shorter duration with higher sediment supply 

resulting in the less-defined low-sinuosity channel forms observed. In addition, the 

deposits of both lowstand packages could consist of deposits of cross-bedded to massive 

beds (Bhattacharya and Walker, 1992) which may not be detectable by seismic reflection 

interpretation. 
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In comparison to the paleo-Orinoco delta plain on the north coast (Figure 3.21), 

there is strong similarity with the modern-day fluvial-marine sector of the delta across an 

800 km2 area. The inter-distributary lowstand channels of C1 (~125 k.y. and younger) 

and those of the modern Orinoco Delta are ~100 -150 meters in width whereas the main 

distributaries have widths that range between ~1000 - 1500 meters. The main difference 

between the paleo-Orinoco and the modern day delta is the frequency of distribution of 

the channels systems, but the greater frequency distribution of channels in the paleo delta 

is a result of the distal extent of the Orinoco delta plain observed on the NCMA shelf.
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Figure 3.19: Quaternary glacio-eustatic fluctuations in sea-level modified from Haddad et al. (1993), and calculated from the 
benthic foraminiferal δ18O record from Site 607 (Bahama Bank). Isotope data are from Rayno et al. (1990). Sea 
level was calculated by assuming that the global ice volume component of the last glacial to interglacial δ18O 
change was ~1.25% and that the remainder of the amplitude in the benthic record results from temperature and 
salinity effects (Haddad et al., 1993).
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3.6.2. Clinoform Implications 
 

Foreset geometry is a function of stream power and the fluvial sediment supply 

regime (Prior and Bornhold, 1990). Additionally foreset geometry can be reworked by 

waves and tide effects. Processes of delta front sedimentation include in increasing order 

of efficiency and flow mobility: (1) translational or rotational slides and slumps; (2) fall 

of debris as single particles, or assemblages of strongly dispersed clasts; (3) high-density 

pseudo-laminar debris flows of coarse sand and gravel; (4) high-density turbidity currents 

of sand and gravel; (5) lower density turbidity currents of medium sand to silt; (6) 

hemipelagic sedimentation of fine silt and clay by hypopycnal or hyper plumes (Orton 

and Reading, 1993). 

Sedimentation on most fine grained delta slopes, such as on the North Coast 

Marine shelf of Trinidad, is dominated by the vertical flux of hemipelagic silt and mud 

from buoyant hypopycnal plumes, which can transport clays considerable distances from 

the Orinoco River mouth. The buoyancy of such plumes is strengthened by the loss of 

suspended sediment by deposition into the Gulf of Paria and the Columbus Basin along 

the way.  

Grain size versus delta front gradient for deltas (Orten and Reading, 1993) (Figure 

3.20) worldwide shows increasing clinoform angles associated with very coarse grained 

deltas versus sub-0.1-degree clinoform angles associated with silty and muddy 

clinoforms.  The preserved muddy shelf deltaic clinoforms (Figure 3.18) in Sequence C, 

which comprise late highstand/ falling stage systems tract (C2), reflect forest angles from 
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0.1° to 0.26° and have heights ranging from 20 to 45 meters. Both characteristics are 

similar to those of the forest angles and lithoogies found in the geographically proximal 

Orinoco and Amazon deltaic systems; both of which are possible parent systems during 

the past 100 kyr with the Orinoco River being the primary sedimentary source.  

The clinoforms documented on the northern shelf of Trinidad appear fairly similar 

in lithology, angle, and size to those shelf-located clinoforms documented in the western 

Adriatic by Cattaneo et al (2007). The water depths are thought to be less than 35 meters 

in this Holocene deposition and Cattaneo has suggested that deposition occurred by 

longshore advection of fine-grained deposits. In contrast, channelized topsets in the 

clinoforms deposited along the northern Trinidad marine shelf point to deposition by true 

subaqueous distributary-channel development from the paleo-Orinoco River in water 

depths approximating 55-60 meters.  

 

 

 

 

 

 

 



 143

 

 

Figure 3.20: Relationship of delta front gradient to grain size for deltas worldwide 
modified from Orton and Reading, (1993). Gradient and grain size data 
from Coleman and Wright (1975), Galloway (1976), Hine and Boothroyd 
(1978), and Kostaschuk (1985). 
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Figure 3.21: Comparison of channel widths between the modern Orinoco Delta and the 
distal paleo-Orinoco Delta from the North Coast Marine Area. 
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3.7. CONCLUSIONS 
 

The integration of seismic stratigraphy and seismic geomorphology allows a 

three-dimensional evaluation of paleo-deposition on the North Coast Marine Area 

(NCMA) shelf and a reconstruction of the evolution of the shelf from the Pleistocene 

(~1.93 Ma). The late Pleistocene sedimentation on the shelf records the history of 

sediment partitioning under the influence of structural activity and eustacy. 

The main structural features on the northern shelf of Trinidad are the Hinge Line 

Fault Zone, discussed in Chapter 2, and the North Coast Fault Zone, both of which are 

right-lateral strike-slip fault zones. Both fault zones are responsible for increasing 

accommodation for sedimentation through the Miocene and Pliocene. However, during 

the Pleistocene, the increase in accommodation caused by these fault zones are reduced to 

a negligible amount and the only syn-tectonic deposition is observed in Sequence B as a 

result of the North Coast Fault Zone (fig 3.7 A). This increased tectonic accommodation 

occurs further south of the detailed 3D seismic geomorphologic work done in Chapter 3 

to analyze the sedimentary evolution of the late Pleistocene fourth order sequences. The 

main driver of accommodation for Sequences B and C on the shelf is 100 k.y. eustacy 

cycles.  

The transtensional faults in the NCMA - associated with the wider regional 

tectonic framework - act to trap sediment on the shelf from the prograding delta and 

increases the likelihood of forming shelf deltas rather than shelf edge deltas. This 

trapping of sediment on the shelf allows for the identification of all the systems tracts of a 

typical sequence stratigraphic package to be observed on the shelf as opposed to typical 



 146

scenarios in which the lowstand systems tract bypasses the shelf to form basin floor fans 

in the deep marine delta area.  

Although tidal deltaic settings, such as the Orinoco, are characterized by silty to 

sandy clinoforms, a suite of ~20 – 45 m high, 0.1° – 0.25° inclined and north-easterly 

prograding clinoforms may develop in higher energy settings such as wave-dominated 

environments that are mud-dominated due to regional influences of sediment portioning 

and as a result of the distal extent of the delta observed on the NCMA shelf, which is 

continuously reworked by the Guyana Current. Further the shelf clinoform  

progradational direction indicates that sediment was being fed to the shelf from the 

southwest through the Dragon’s Mouth during the late Pleistocene in a paleo-fluvial-

marine environment characteristic of the middle delta sector of the present day Orinoco 

River. 
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 Sample Range Available: 1350'-1575' (Well A-02-B-PB); 1600’-6200’ (Well A) 
Sample Range Examined: 1350'-1575' (Well A-B-PB); 1600’-6200’ (Well A) 
Samples Supplied By:  BGTT  
Nanno Samples Worked For: BGTT – Hi Res Nannos 
Foram Samples Worked For:           BGTT – Hi Res Forams 
Nanno Sample Analysis By: Ting C. Huang    1/10 
Foram Sample Analysis By:             A.D. Callender   1/10 
Sample Processing By:  Ellington and Associates 

 

Nannofossil Biostratigraphy: 

 
1350  First slide; in Emiliania huxleyi Zone (Isotope Stage 5 or lower) 

  Gephyrocapsa “small” (frequent) 
  Gephyrocapsa omega 
  Gephyrocapsa oceanic 
 
1600  in Gephyrocapsa oceanica Zone 
  Gephyrocapsa caribbeanica 
 
1900  in Pseudoemiliania lacunose Zone (Isotope 12 and lower) 
  Gephyrocapsa parallela (HO) 
2100  Pseudoemiliania lacunosa (HO) 

  2600  Gephyrocapsa parallela (small) 
2992 Gephyrocapsa parallela (small) (LDO) 
  Discoaster variabilis (reworked) 
 
3600   in small Gephyrocapsa Acme Zone (Gartner) (1.02Ma or a bit         

older) Gephyrocapsa “small” (Acme) 
4024  in large Gephyrocapsa Zone (1.24Ma or a bit older) 
  Gephyrocapsa “large” 
4200  Gephyrocapsa mergerelii inc. 
4500  in Helicosphaera sellii Zone (1.26Ma or lower) 
  Helicosphaera sellii (HO) 
4800  in Calcidiscus macintyrei Zone (1.6Ma or lower) 
  Calcidiscus macintyrei (HO) 
5400                    Pseudoemilinia lacunosa ovate 
5700  in Discoaster brouweri Zone (1.93 Ma or lower) 
  Discoaster brouweri (HO) 
6100 Last slide; Sample TD@6200’ 
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Foraminiferal Biostratigraphy: 
 
1350 First sample examined – in Globorotalia flexuosa  
 
1485 Large increase shell fragments 
 
1600      Decrease fauna w/increase c/vf quartz 
 
1700 First oolites 
 
2100 Increase fauna 
 
2300 Increase glauconite 
 
2487 Huge increase shell fragments 
 
2600 Fauna very abraded 
 
2992 Increase oolites 
 
4500 Increase Sphaeroidinella dehiscens w/Angulogerina illingi and pyrite 

increase 
 
5100 Large pulse of shell fragments w/first Globorotalia acostaensis (D) 
 
5700 Possible Robulus 64 w/first Cibicides umbonatus 
 
5900 First Globigerinoides obliquus 
 
6100 Deepest sample examined – no older markers observed 
 
Paleoenvironmental Summary: 
 
1350-1575    Deep Outer Neritic                   45 
1575-1600    Outer Neritic        40 
1600-2100    Deep Middle Neritic  35 
2100-2487    Outer Neritic   40 
2487-2992    Deep Middle Neritic  35 
2992-4300    Middle Neritic              30 
4300-5700    Deep Middle Neritic  35 
5700-6200    Outer Neritic   40 
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Nannofossil Comments: 

 
The combined section of P01-02-B-PB and P01-POA-001 ranges in age from the 
EMILIANIA HUXLEYI ZONE to the DISCOASTER BROUWERI ZONE of the 
Pleistocene.  Though most samples are not rich in nannofossils, except for the first few 
ones, the recovered nannofloras are age diagnostic, allowing for recognition of almost all 
important biohorizons.  Eight nannofossil events are recorded and highlighted in bold in 
the above summary.  They are used to define the zonal boundaries.  See the footnotes 
below for more information.   
To address the nannofossil succession recorded in this study, a power point slide is 
attached, on which the picked biohorizons are correlated with the standard 
chronostratigraphy.   
 
Reworking of nannofossils from the older sediments has been detected, but never is 
serious.  Throughout this study, a specimen of a late Miocene indicator, Discoaster 
quiqueramus, is noted at 4200’, and a couple of specimens of Discoaster variabilis, 
which ranges in age from the middle Miocene to the late Pliocene, is identified at 2992’ 
and 6100’.  
 
 
1 The first slide is rich in small Gephyrocapsa. It is interpreted to be below the small 
Gephyrocapsa-Emiliania huxleyi dominance reversal and is calibrated to be in Isotope 
stage 5 or a little lower.  Small Gephyrocapsa remains to be common to abundant until 
the sample at 1600’. 
 
1 The samples at 1600’ to 1900’ yield low-abundance and low diversity nannofloras.  
With Gephyrocapsa caribbeanica and a mediam sized Gephyrocapsa as two dominant 
forms of the assemblages, these three samples are grouped into the Gephyrocapsa 
oceanica Zone. 
 
1 This sample is interpreted to be in the Pseudoemiliania lacunosa Zone on the highest 
occurrence of Gephyrocapsa parallela.  
 
1 The highest occurrence of Pseudoemiliania lacunosa is noted in this sample, but it is 
considered to be somewhat low or depressed.  
 
1 Presence of small Gephyrocapsa parallela implies that the lower part of the 
Pseudoemiliani lacunosa is encountered. 
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1 The last down hole occurrence (LDO) of the small Gephyrocapsa parallela marks the 
base of the Pseudoemiliania lacunosa Zone. 
 
1 The highest occurrence of large Gephyrocapsa is noted in this sample. This sample is 
correlated with the large Gephyrocapsa Zone. 
  
1 The highest occurrence of Helicosphaera sellii is recorded in this sample.  It is placed in 
the Helicosphaera sellii Zone.   Helicosphaera sellii occurs consistently from this sample 
down to the last sample in the studied section.   The zonal designation is considered 
reliable. 
 
1 This sample is correlative with the Calcidiscus macintyrei Zone on the highest 
occurrence of the zonal marker 
1 This sample is correlative with the Discoaster brouweri Zone on the highest occurrence 
of the zonal marker 
 
Foraminiferal Comments: 
 
The presence of Globorotalia flexuosa in the first sample suggests its true extinction lies 
in the unexamined section above 1350. 
 
Shallow water “reefal” foraminifera such as Amphistegina lessonii, Archaias compressus, 
Eponides repandus and Sorites spp. occur commonly mixed with deeper shelf 
assemblages throughout this well.  These shallow water forms were probably transported 
from shallower environments or nearby reefal highs.  Pulses of abraded shell fragments 
also encountered in this well probably sourced from similar conditions. 
 
The increase in fauna associated with a paleoenviornmental deepening noted at 2100 
correlates well with the first appearance of Pseudoemiliania lacunosa.  In the deeper 
water GOM, this event is represented by an increase in Sphaeroidinella dehiscens.  This 
increase however is usually found only in bathyal environments and therefore is missing 
in this section.  The deepening however probably represents this horizon. 
 
The first occurrence of Globorotalia acostaensis (D) is noted here for possible correlation 
within the local area.  This point was associated with a large increase in shell fragments. 
The possible specimen of Robulus 64 correlates well with the nannofossil Discoaster 
brouweri at 5700. 
 
The oldest marker observed in the well was Globigerinoides obliquus at 5900.  In the 
GOM, this marker is used as a flag for Globorotalia miocenica.  No older markers were 
encountered below this depth. 
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