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PETROLEUM SYSTEM ELEMENTS OF 
TRINIDAD AT CEDROS BAY
WITH ANALOGIES TO OFFSHORE NOVA SCOTIA
By: Lauren Morris, Grant Wach – Department of Earth & Environmental Science – Dalhousie University 

ABSTRACT
While in Trinidad, students from Dalhousie 
University participating in the Petroleum 
Geoscience Field Methods course 
examined each element of the petroleum 
system by visiting numerous outcrops in 
the field, completing core and outcrop 
descriptions, seismic interpretations, and 
log correlations. Cedros Bay, located on the 
southern tip of the island, exposes part of 
the Morne L’Enfer formation silts and sands. 
These outcrops were observed, described, 
and interpreted with sequence stratigraphy 
and ichnology in mind to produce a final 
stratigraphic column, including inference 
of depositional environments and location 
of the ancient delta. This section is 
analogous to the Scotian Basin, in terms of 
petroleum system elements and processes, 
and the importance of deltaic input for 
reservoir potential. 

INTRODUCTION
This report is written from the fieldwork 
experience of the Dalhousie University’s 
Petroleum Geoscience Field Methods 
course (ERTH 4157), that has been offered 
through the Department of Earth Sciences 
with instruction by Grant Wach for the past 
18 years. The course focus is a week of field 
work in February on the island of Trinidad, 
located just off the northwestern coast of 
Venezuela. I have been to Trinidad twice 
– the first in 2019 as a student in my final
year of my degree, the second in 2020 as the 
teaching/field assistant to a new group.

The trip is jam packed with incredible field 
work and activities, making it difficult to 
narrow down the most appropriate subject 
to report. Out of all the outcrops visited, the 
Lower Morne L’Enfer member of Cedros 
Bay may be one of the most dynamic 
deltaic sections, exhibiting trace fossil 
assemblages, and an array of sedimentary 
structures within a sequence stratigraphic 
framework. While on the tide-restrictive 
beach, students viewed and measured 

the outcrop to 
create a final log 
including grain 
size, bioturbation 
index, associated 
ichnofacies, 
structural 
features, and 
stratal 
thicknesses. 

This log was used 
to interpret 
depositional 
environments on 
the delta, the 
progradational or
retrogradational 
nature of the 
delta system, 
and potential 
viability as reservoir-seal pairs for a 
petroleum system. 

It is emphasized in the field course that 
many of the outcrops we see in Trinidad 
petroleum systems are analogous to the 
ones we see in the Scotian Basin. Learning 
the field techniques of outcrop and core 
description, gamma ray logging, and 
recognition of petroleum systems, could 
prove very useful for students returning to 
Nova Scotia industry. 

FIELD METHODS
Several methods were taught and 
implemented in the field in Trinidad, a 
variety in direct use for the Cedros Bay 
section. The initial focus in any field 
exercise is to do a detailed observation of 
the outcrop in question, and record the 
dip and strike, sedimentary geology of the 
formation, including grain size and shape, 
colour, deformation, and any structures 
present (fig. 2). Once observations 
have been made, interpretations can 

Fig. 1.  Map of Trinidad indicating gas and oil fields, as well as significant faulting. 
Cedros Bay is marked with a yellow dot, Stollmeyer’s quarry in blue (Deville et 
al 2009).

Fig. 2.  Students from 2020 recording dip and 
physical & biogenic structures at Cedros Bay 
(photo by LM).
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be formed based on physical and 
biogenic sedimentary structures; these 
typically include processes of formation, 
deformation mechanics, and the evolution 
of depositional environments.  Pace 
counts were also completed, done by 
laying out a length of measuring tape and 
counting the paces it takes to get down 
the line, resulting in their pace per meter. 
Students can effectively measure the 
distance walked on the beach this way, 
which can then be put into a trigonometric 
equation to determine the thickness of the 
formation. 

Using the direct observations and ensuing 
interpretations, along with pace count 
measurements, a stratigraphic log can be 
created with a purpose of detailing the 
sedimentary geology and stratigraphy of 
the unit in question. While in the field, 
notebooks are filled with minutiae of grain 
characteristics, potential formational 
processes of specific structures, and which 
ichnofacies are most likely related to the 
trace fossil assemblages present. The field 
books contributed to the final stratigraphic 
log that consists of information on 
sediment structures, grain size, sequence 
stratigraphy, ichnology, and interpreted 
depositional environments. 

RESULTS 
After each full day in the field, participants 

reviewed the
field stops and 
collaborated on 
exercises. During 
the Cedros Bay 
review, students 
shared their 
observations and 
interpretations of 
the outcrops to aid 
in the formation 
of a complete 
stratigraphic log of 
the section (fig. 4). 

A number of distinct facies were observed 
in the field, with variable characteristics 
aiding in final interpretation. Walking 
northeast up the beach and younging 
in stratal age, the outcrops begins with 
lithofacies 1, consisting of laminated grey 
to beige silts and clays. At the base of the 
section, finer grained muds are common, 
while locally deformed or contorted beds, 
as well as fragments of organic matter 
can also be found. Silty sand layers start 
thin and rare, then grade into a visible 
coarsening upwards as the frequency 
and thickness of sand layers increase 
to evolve into the overlying sandstones. 
Bioturbation is low, if trace fossils were 
present, very little were preserved. 

Lithofacies 2 is distinguishable by the 

thickening of very fine-grained sand 
layers into massive, poorly consolidated 
beds. This gradational contact is marked 
by the evolution from lenticular, to wavy, 
to flaser laminated beds, with silt lenses 
becoming rare attributed to excess sand 
accumulation (fig. 5). The massive sand 
beds contain multiple types of cross 
stratification. Bioturbation is common and 
attributed to the Skolithos, Psilonichnus, 
and Cruziana ichnofacies.  

Lithofacies 3 begins with a sharp contact 
visible in outcrop where the massive yellow 
sands are capped by chaotic beds of grey 
silts. The base of this unit is characterized 
by contorted and slumped grey silt beds 
with ball and pillow structures. This is 
topped with interlaminated silts and very-
fine-grained sands, similar to the initial 
facies described. While bioturbation is not 
visible in the deformed beds at the base, it 

Fig. 3.  Traverse along Cedros Bay beginning in the southwest (Google Earth).

Fig. 4.  Stratigraphic log of the Cedros Bay section of the Lower Morne 
L’Enfer member with physical sedimentary structures, ichnology, and 
sequence stratigraphic interpretations. Lithofacies described in text are 
noted. Depositional environments were determined from these observed 
features.
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increases with the onset of laminations. 
A great diversity of trace fossils can be 
seen here, including Ophiomorpha and 
Asterosoma. 

The final distinct unit, lithofacies 4, 
is identified by an abrupt change to 
thick bedded fine to medium-grained 
sandstones, marked by a contorted bed 
with flame structures. There are occasional 
interlaminae of thin silts, grading up into 
amalgamated sand beds with occasional 
symmetrical ripples. The distinguishing 
feature of the sand unit is thick intervals 
of swaley cross stratification, with trough 
cross stratified sands occurring at the 
top. Bioturbation is intense but not 
necessarily diverse, with Ophiomorpha 
nodosa burrows being frequent and most 
dominant. The latter two distinct facies 
repeat multiple times along the beach cliff 
face, marking out potential parasequences 
within this deltaic system. 

Approximately ten kilometers north, on 
the other side of the Los Bajos fault, lies 
Stollmeyer’s quarry, which comprises the 
upper most unit of the Lower Morne L’Enfer 
member. The amalgamated cross-stratified 
sands here, unlike the outcrops at Cedros 
Bay, are stained black with oil as they form 
an exhumed hydrocarbon reservoir. 

DISCUSSION
The Morne L’Enfer formation is separated 
into two major units, the Upper and Lower 
Morne L’Enfer members, separated by the 
Lot 7 Silt, a maximum flooding surface. 
The Lower Morne L’Enfer is further broken 
down into distinct silt and sandstone 
members, which are visible at Cedros Bay 
among other locations. 

Four parasequences were defined in the 
exposed Morne L’Enfer outcrops along 
Cedros Bay. The first is comprised of the 
initial two facies described, laminated grey 
silts grading into lenticular-wavy-flaser 
bedding with massive sand beds on top. 
The final three parasequences comprise 
the same two lithofacies, repeating the 
bioturbated laminated silts and the 
stratified massive sands. Flooding surfaces 
are marked by a change from thick sands 
to thin silts or clays. These finer-grained, 
laminated sediments are often used to 
identify deeper marine settings, compared 
to the sands of the shoreface above. The 
three flooding surfaces indicated lie at 
the base of each new parasequence and 
indicate an increase in water column 
height and a relative deepening of the basin 
at each boundary. 

The parasequences can be further defined 
into sets, or stacking patterns, based on 
grain size succession. Each parasequence 
identified has a similar stacking pattern 
beginning with silts and clays and grading 
upwards into very fine to medium 
grained sandstones. Using grain size and 
sediment structure, each of these four 
parasequence sets can be defined as a 
progradational system. The entire outcrop 
observed can also be characterized as a 
single parasequence set. Progradation 
indicates basinward movement of the delta 
as sediment supply overcomes available 
accommodation space, and the delta 
progrades outward. 

Information gained from the sequence 
stratigraphy and ichnology allows 
for interpretation of depositional 
environments. Grain size, physical and 
biogenic structures present, and type of 
trace fossils preserved provide clues to 
where that sediment was deposited and 
the energy level of that location. Figure 
7 demonstrates the interconnectivity of 
salinity, turbidity, and energy as related to 

environmental stresses, in a deltaic setting. 

For the first lithofacies, bioturbation 
was very low and rarely visible in the 
outcrop. The chaotic nature of the beds, 
contorted with slumping, suggest that the 
environment was too turbid to preserve 
many traces, if organisms were even present 
to make them. This turbidity, indicated 
by the deformed mud beds and lack of 
ichnofossils preserved, is indicative of a 
distal prodelta or slope environment. The 
second described lithofacies, comprised 
of wavy bedding grading into massive 
sands, had a low to moderate bioturbation 
index. A diverse range of ichnofacies were 
interpreted from the various traces found 
in the strata, the Ophiomorpha nodosa 
pellet-lined burrowing being the most 
recognizable, especially in the sandier beds. 
Skolithos and Arenicolites traces were also 
interpreted, identified as simple vertical 
burrows appearing as either assemblages 
of “pipes” or in pairs of small circles acting 
as the entrance and exit of the burrow. This 
increase in bioturbation comes with the 
onset of sandier laminae, observed in the 
lenticular-wavy-flaser bedding, as some 
degree of the structure is determined by 
the churning of sediment by organisms, as 
opposed to solely tidal or wave processes. 
The ebb and flood of tidal processes is most 
likely the cause of the transitional wavy 
bedding, which is indicative of a shallower 
wave base. Based on this, the lithofacies 
was interpreted to be in a subtidal 
environment, likely on the distal delta 
front or proximal prodelta. The increase in 

Fig. 5.  Outcrop photo showing transition from 
siltier to sandier sediments (photo by Grant 
Wach).

Fig. 6.  Outcrop image of lithofacies 1, laminated 
silts & clays, ruler for scale (photo by Tanner 
Milne).
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bioturbation was likely a factor of reduced 
turbidity stresses, and an increase in sandy 
substrate, indicative of a more proximal 
lithofacies than the one it overlies. This also 
supports the prograding parasequence set 
interpretation, as these units indicate a fall 
of sea level and an increase in deltaic sand 
deposition. 

The first flooding surface marks our second 
defined parasequence, comprised of the 
lithofacies three and four. Within the 
grey interlaminated silts, bioturbation is 
typically very low as the base of the unit 
is comprised of contorted beds with ball 
and pillow structures, not ideal for fossil 
preservation. As energy stresses decrease, 
bioturbation increases up the unit, and 
traces like Phycodes and Asterosoma are 
present along with Ophiomorpha and 
Arenicolites, more burrows identified by 
their unique branching shapes comparable 
to a whiskbroom for the former and a 
star for the latter. The base of this unit is 
interpreted to be distal prodelta or slope 
environment, based on the chaotic beds 
with ball and pillow structures, indicative 
of instability. The overlying laminated silts 
with abundant ichnofossils requires deeper 
waters for non-turbid sedimentation, 
and proper preservation of the diversity 
of traces, meaning a transition from 
prodelta to more offshore. This indicates 
shallowing with eventual  abandonment 
of the delta lobe; followed by resurgence of 
rapid sedimentation marked by the onset 
of sandier beds with flame structures in 
between. The incoming sediment from the 
new active delta lobe could overwhelm the 
deposited offshore muds, creating more 
contorted beds, as well as flame structures 
from the overburden of the sands. This 
massive sand deposit is interwoven 

with Ophiomorpha nodosa pellet-lined 
burrows, indicative of a high-stress sandy 
environment, typical of the delta front.

A flooding surface bounds the next 
parasequence, which comprises the same 
two lithofacies described for the previous. 
The base of this unit is not as contorted as 
the last, with parallel laminations of silt 
and very fine-grained sands being mildly 
bioturbated. The trend of the strata follows 
that of the unit before, and an input of sands 
caps the fine-grained sediment beds, which 
are then bioturbated with Ophiomorpha 
nodosa burrows and instances of Skolithos. 
This parasequence likely represents 
another abandonment to active delta phase, 
indicated by the change from bioturbated 
laminated silts of the offshore to swaley-
cross-stratified sands of the delta front. 
The final parasequence is likely indicative 
of a third abandoned to active delta lobe, 
based on the interlaminated silts capped 
with cross stratified sands, divided by a 
bed with flame structures and organic-rich 
mud. Bioturbation is low in the deformed 
basal unit beds but increases with the 
onset of sandier laminae being deposited. 
Flame structures were likely formed when 
quick-deposited sands overburdened the 
muds, while swaley cross-stratification 
formed by processes of wave reworking, 
typical of a shoreface environment, which 
would coincide with the shallowing-up 
progradation of the delta. This environment 
would allow for wave-reworking of the delta 
front, leading to these structures observed. 

The outcrops described from Cedros 
Bay comprise the Lower Morne L’Enfer 
member of the Morne L’Enfer formation. 
To the northeast, the Lower and Upper 
members of the formation are exposed at 

Stollmeyer’s quarry, an active oil sands 
mining operation. Offshore, the Palo Seco 
oil field produces from the Morne L’Enfer 
formation, with multiple rigs visible 
from the coast. These deltaic sands form 
great reservoirs, with their fine-grained 
channelized sands and reworked delta 
front winnowing fines. The Morne L’Enfer 
formation provided the reservoir seal pairs 
of the viable petroleum system, along 
with the potential for structural and/or 
stratigraphic traps.  The system is charged 
by the Cretaceous source rocks of the 
Naparima Hill and Gautier formations, 
buried by thick sediment including the 
Pliocene Morne L’Enfer, initiating thermal 
maturation and allowing for generation of 
hydrocarbons (Vincent 2008).

 The answer as to why Stollmeyer’s quarry 
and Palo Seco are producing hydrocarbons 
while Cedros Bay does not, is due to 
migration pathways, from the source 
rock to effective reservoir. Trinidad has 
experienced multiple tectonic events, 
producing an intricate network of faults 
throughout its strata (Escalona & Mann, 
2011). A visible fault in the quarry separates 
oil-wet from water-wet beds, while mud 
drapes and plugs form baffles and barrier 
to flow within the channelized sand unit. 
At Cedros Bay, effective pathways and traps 
have not been created to allow the sands to 
become gas or oil-bearing reservoirs. These 
pathways could be directly related to the 
Los Bajos fault, depicted in figure 8.

SCOTIAN BASIN ANALOG
Offshore Nova Scotia, the Scotian basin also 
preserves evidence of significant deltaic 
input forming its hydrocarbon reservoirs. 
The reservoir seal pairs produced by 
the active deltaic progradation and 

Fig. 7.  Components comprising relative environmental stresses for marine organisms, and the resulting 
impact on ichnological diversity. 

Fig. 8.  Representation of the deposition of the 
Morne L’Enfer formation and other deltaic 
sediments from the Pliocene Orinoco Delta.
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retrogradation, and abandonment of delta 
facies produced the prolific petroleum 
systems in each basin. The study of these 
discrete petroleum systems provides 
insight into each other’s system. Both 
regions have viable hydrocarbon systems 
with significant production capabilities, 
in part attributed to the reservoir sands 
deposited in deltaic depositional systems. 

CONCLUSIONS
The Cedros Bay Lower Morne L’Enfer 
member is a dynamic deltaic section that 
forms at least four parasequences visible 
from the coastal outcrops, exhibiting 
lithofacies indicative of lobe abandonment 
and reactivation. Theses parasequences 
are defined by flooding surfaces and 
represent a set of progradational packages 
of deltaic sediment. Ichnology can be 
a useful indicator of organism stress 
responses, which in turn can lead to 
depositional environment interpretation. 
Diverse bioturbation can be seen in the 
fine-grained laminated sediments, while 
only a few, like Ophiomorpha nodosa, 
persisted in the sandy substrate with robust 
burrow walls in times of high energy. The 
combination of sequence stratigraphy 
and ichnology provided the synthesis of 
the Lower Morne L’Enfer member as it is 
viewed at Cedros Bay. Examination of the 
Trinidad petroleum systems at outcrop 
provides valuable insight to the subsurface 
reservoirs of offshore Atlantic Canada, 
where outcrops are not present for study. 
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Fig. 9.  Students from 2020 on the oil saturated sands of Stollmeyer’s quarry, 
an exhumed oil reservoir (photo by LM).

Fig. 10.  Jurassic paleogeography of the Scotian Basin, depicting deposition 
of siliciclastic deltaic sediments into the basin (modified from John Wade & 
Atlantic Geoscience Society, from Brown (2008)).




