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MORPHOLOGICAL UNITS OF TRINIDAD
Trinidad is divided into five morphological units:— the Northern
Range, the Caroni Plains, the Central Range, the Naparima and
Southern Lowlands and the Southern Range (Fig. 1). Comparison
with the generalised geology map (Fig. 2) shows the close
relationship of these units to the geology of the Island.
The Northern Range represents a continuation of the Coastal Range
of Eastern Venezuela. It is a deeply- dissected, east-west mountain
range composed of Upper Jurassic and Cretaceous low-grade
metamorphic rocks. The highest peaks are El Cerro del Aripo, 940 m
(3083 ft) and El Tucuche, 937 m (3075 ft).
The Caroni Plain, a generally low lying area made up of Pleistocene
terraces, alluvial plains and mangrove swamp deposits, that occupy a
synclinal basin infilled with young Tertiary to Recent deposits. It is
abruptly separated from the Northern Range by faults of the El Pilar
System. The Caroni Plain rises gently in the south, forming the
northern flank of the Central Range.
The Central Range is a line of low hills running diagonally northeast
— southwest across the island. It is essentially an asymmetrical
anticline with a core of Lower Tertiary and Cretaceous rocks. Mt.
Harris, 270 m (884 ft), is the culmination of this core. Overlying rocks
include Middle Miocene reef limestones which form conspicuous hills
including the highest of the Range, Mt. Tamana, 305 m (1009 ft)
The Naparima Plain forms a broad belt of low, undulating country
south of the Central Range. The northern part — the Naparima
Lowlands — are underlain by folded, mainly Oligocene and Lower
Miocene, clays and sands. Mud volcanoes are present, caused by
movement of the incompetent clays. A prominent feature, San
Fernando Hill, is a rootless inlier of Upper Cretaceous age. The
southern part has developed on a major synclinal feature — the Erin
— Siparia — Ortoire Basin which spans the island from west to east,
and is infilled with younger Tertiary and Quarternary deposits.
The rims of the basin are folded and faulted, locally forming the

important oil producing structures of Southern Trinidad. The famous
Pitch Lake at La Brea (Brighton) is situated on one of the folds.
The Southern Range, the least conspicuous of the morphological
units, has a maximum height of just over 275 m (900 ft) in the Trinity
Hills. The expedition led by Columbus, in 1498, reputedly sighted the
three main peaks of these hills as the first land-fall and named the
island “Isla de la Trinite”, eventually changed to Trinidad.
The Range, developed on anticlinal features, many of which have
diapiric cores, is the site of active mud volcanoes. Morne Diablo has
the greatest surface expression of 143 m (466 ft), but in reality the
mudflow is a veneer on a pre-existing hill.

Fig.1 Geomorphic stereogram of Trinidad after Rohr in Suter 1951

Fig 2. Geological map of Trinidad after Kugler 1959

Fig. 3 Block diagram illustrating structural style of Trinidad Suter (1951)
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A SUMMARY OF THE STRATIGRAPHY OF TRINIDAD
Upper Jurassic
The Maraval Formation is placed in the Upper Jurassic based upon the occurrence
of a few ammonites of Tithonian age at the Hollis Reservoir in the Northern Range
(Hutchison, 1938).
The type section of the Maraval Formation (Potter, 1976) is predominantly
recrystallised massive and bedded limestones with some reefal patches, and
subsidiary slates and calc-schists. This sequence overlies a probable reef knoll.
Lower Cretaceous
The Maracas Formation (Potter, 197o) consists mainly of thinly interbedded
quartzites and phyllites. Massive quartzites, up to 100 m (328 ft) thick, hut of
limited lateral extent, form spectacular cliffs on the North Coast road and underlie
the highest peaks in the western part of the Northern Range. Subordinate slates
are interbedded. The presence of epidote greenschists, which appear to have
been a volcanic ash, suggests a volcanic episode early in the deposition of the
Maracas Formation.
The Guayamara Formation (Algar & Pindell 1991) consists predominantly of
interbedded slates, siltstones and sandstones with occasional quartzitic grits and
areas of slates and suggests an approximate thickness of 800m. The Chancellor
Fm is confined to the western end of the Northern Range, outcropping on the north
coast as well as on the south coast of the peninsula and islands. There are four
members in the Chancellor Fm - a lower limestone member lying apparently
conformably on the Maracas Fm, succeeded by a phyllite member which is
followed in turn by an upper limestone sequence; then finally by upper phyllitic
beds. The Morvant beds may lie unconformably on the Chancellor Fm, although
evidence for the nature of the unconformity is not everywhere clear. The thickness
of the Chancellor Fm. varies and seems to average about 400m.Earlier, Potter

(1974) had suggested the Laventille Formation was a less metamorphosed
equivalent of the Chancellor Formation. A Barremian - Aptian fauna described by
Saunders (1972) is stated by Potter (1974) to be from the Upper Phyllites of the
Chancellor Formation.
At St. Joseph, on the southern flank of the Northern Range, exotic blocks of
gypsum are found within the El Pilar Fault zone. The field relationship of this
deposit is unknown, but a Lower Cretaceous or older age is postulated. It has
been of sufficient extent to have been quarried in the past for use in the
manufacture of cement. In the Gulf of Paria 2,864’ of the Couva Evaporites
(anhydrite) were penetrated. Linke (1964) reported the presence of Favreina
salevensis thought to range from Late Jurassic to early Cretaceous, Mica has
given a K-Ar isotopic age of 124 Ma, Barremian age.
Saunders (1972) also suggested the Tompire Formation should be treated as a
member of the Toco Formation on the basis of similar faunas and similar lithology
inland from its type locality at Tompire Bay, where it occurs as distinctive phyllitic
shales. Ammonites and planktonic foraminifera of Barremian age have been
described from this locality (Imlay, 1954, Barr, 1963, Saunders, 1972). In the east
the Rio Seco Formation (Barr, 1963), a sequence of calcareous phyllites and
limestones, is lithologically similar to the Toco Formation; following earlier
problems in placing these formations in their proper stratigraphic position, the work
of Saunders (1972) and Potter (1974, 1976) indicates their equivalence to one
another and to the Chancellor and Laventille Formations. The LOPINOT
Formation largely consists of slates, occasionally calcareous, with some
interbedded siltstones and sandstones. Limestone beds are also present. The
Laventille Formation is made up of massive limestones with interbedded slates
and shales. Minor ore deposits of fluorite and haematite occur in the Laventille
Limestone on Gaspar Grande. Rare evaporites occur.

The Sans Souci Formation, compositionally have been describes as Mid-Oceanic
Ridge basaltic volcanics by Wadge & McDonald (1986), and forms a prominent
topographic feature on the North Coast at Sans Souci, and is the only major
outcrop of igneous rocks in Trinidad (Barr, 1963).
In the Central Range a sequence of dark shales with occasional intercalations of
arkosic quartz arenites, and rare, exotic limestone blocks (Barr, 1952), comprise
the Cuche Formation. Bartenstein, Bettenstaedt and Bolli (1957) described the
foraminifera of the type Cuche Formation and assigned it a Barremain age. The
Maridale Marl Member of the upper part of the Cuche Formation is assigned an
Upper Aptian to Lower Albian age by the same authors (1966).
Upper Cretaceous
The Gautier Formation consists of mudstones, sandstones and conglomerates and
was deposited in a deep marine environment -most likely a slope setting (600 3,00 feet water depth). It can attain thicknesses of up to 2000 feet, it rests
unconformably on the Cuche and a stratigraphic hiatus separates it from the
overlying Naparima Hill. According to Bolli it can be sub-divided into 3 biozones
which from top to bottom are: Rotalipora apenninica apenninica, Globigerina
washitaensis and Thalmanninella ticicensis ticinensis embracing the lower part of
the Cenomanian and possibly part of the Albian.
The Naparima Hill Formation was originally defined at its type locality of San
Fernando Hill in the western Central Range, this formation has been found to
extend in the subsurface to the south, west and east. Compositionally it is an
organic rich siliceous mudstone referred to colloquially as “argillite” or “argilline”,
which forms the upper part of the Naparima Hill Formation. This lithology is
widespread, being found in wells in Trinidad and the Serrania del Interior of
Eastern Venezuela. It has also been seen from DSDP drill sites in the Southern
Caribbean. Argillite is blue-grey when fresh, weathering to a buff colour. Fresh
samples show darker grey streaks resulting from bioturbation. Locally it may be

very cherty. It is considered to represent deep-water, quiet, uniform conditions of
deposition during this period of the Upper Cretaceous. The lower part of the
formation is made up of Sandstones, siltstones, clays and shales, these coarse
clastics are interpreted to have been deposited by turbidity currents.
In the west and east of the Northern Range the Upper Cretaceous is represented
by the coarse grits of the Morvant and Galera Formations respectively. The
Morvant beds consist of coarse yellow to buff quartzitic sandstones, often in thick
massive beds, and slates and shales that resemble similar rocks in the Galera Fm.
The Arima Formation is composed of dark shales with inter bedded, indurated
marls and, somewhat separated from the latter, indurated grits, conglomerates and
quartzites". There is evidence for limestones and a polygenetic breccia as
boulders within crumpled shales.
On the south flank of the central Northern Range, Saunders (1972) found
benthonic microfaunas similar to those of the Galera Formation in a sequence of
phyllites, shales and limestone. Planktonic foraminifera of Maastrichtian age,
which compared with those of the Galera Formation, were found in a grey
calcareous shale similar in lithology to the Guayaguayare Formation of central and
southern Trinidad. In the same area faunas of varying Lower Cretaceous ages
were found but assumed to have come from slumped masses within the Upper
Cretaceous beds.
Paleocene
Following late Cretaceous to earliest Paleocene tectonism, a widespread
Paleocene transgression resulted in the development of two distinctive formations
in the Central Range and Southern Basin. The Chaudiere Formation of noncalcareous marine shales and subordinate sandstones, and characterised by
arenaceous benthonic foraminiferal faunas, is best developed near and over the
Central Range uplift. To the south are found deeper-water, often calcareous,
shales of the Lizard Springs Formation, containing rich benthonic and planktonic

foraminiferal faunas, the latter permitting a detailed biozonation (Bolli, 1957b).
Slumping of deep-water, unstable clays, associated with renewed tectonic activity
along the old Cretaceous uplift, led to the development, within the Paleocene, of
the first Tertiary olistostromes (Higgins and Saunders, 1974, Saunders, 1977),
originally recognised by Kugler (1953). Olistoliths include fossiliferous Lower
Cretaceous limestones not known in situ in Trinidad.
Eocene
The Lower Eocene is represented by the upper part of the Lizard Springs
Formation in the Southern Basin and, in the Central Range, by the non-calcareous
shales and coarse-grained sandstones of the Pointe-a-Pierre Formation. Similar to
the Chaudiere Formation, the Pointe-a-Pierre Formation is characterised by an
arenaceous benthonic foraminiferal fauna.
Overlying these formations are highly foraminiferal deep- water marls and
calcareous shales of the Navet Formation — the most distinctive of the Eocene
formations. It represents quiet conditions throughout Middle Eocene times to within
early Upper Eocene. Abundant planktonic foraminifera afford a detailed
biozonation (Bolli, 1957c).
Renewed tectonics in the Upper Eocene is evidenced by the development, within
the San Fernando Formation, of conglomerates, glauconitic sandstones, and
shallow-water neritic deposits. Fission track dating by Algar (1993) gives dates of
33+/-3 Ma, putting the Point-a-Pierre and San Fernando in the Middle Oligocene.
However no one has been able to duplicate these results.
Oligocene
Continuing movements resulted in a hiatus between the Oligocene and Eocene
deposits. The rapid subsidence which followed is reflected by the widespread
deep-water calcareous clays and marls of the lower part of the Cipero Formation
throughout the Southern Basin.
Renewed movement of the Central Range led to a second cycle of olistostrome
development during the deposition of the Nariva Formation, which is restricted to

the Central Range and its southern flanks. Olistoliths include many large slipmasses of older formations and recycled components of the Paleocene
olistostrome. The newly discovered “Angostura Sands” of the East coast of
Trinidad occur within this zone and are interpreted to be the result of sand rich
turbidity flows.
Several mud volcanoes are developed in the Naparima fold belt associated with
diapiric movement of the Nariva Formation.
The Nariva and Cipero Formations pass without break into the Miocene.
Miocene
Within the Lower Miocene four sedimentary facies are developed from north to
south. In the Northern Basin on the southern flank of the Northern Range is the
Cunapo Formation, a conglomeratic facies that continued into the Pliocene, having
been shed during the uplift of the Northern Range. Two facies have been identified
, one the Guaico Conglomerate made up predominantly of non-metamorphosed
clasts (Naparima Hill etc.) and the Puerto Grande conglomerated made up
predominantly of metamorphic rocks (quartz, phyllite etc.)
South of, and interdigitating with the Cunapo Formation, lies the Brasso Formation,
the lower boundary of which is not accurately known in the Northern Basin. The
Brasso Formation is exposed in the Central Range. It consists predominantly of
calcareous clays and silts with rare conglomerate facies, and has foraminiferal and
megafaunal assemblages typically indicative of an outer neritic environment of
deposition.
The Upper Cipero Formation, like the Lower Cipero, is represented by deep-water
calcareous clays and marls, with predominantly planktonic foraminiferal faunas.
Stainforth (1948, 1968) described the Cipero Formation as a fossil Globigerina
ooze deposited at upper bathyal to abyssal depths. Bolli (1957d) refined
Stainforth’s (1948) original planktonic foraminiferal biozonation of the Cipero
Formation.
Geographically between, and also interdigitating with the Brasso and Upper Cipero

Formations, lies the Nariva Formation. The characteristic microfaunas of Nariva
sediments are benthonic, mainly arenaceous, foraminifera. Planktonic species are
generally rare, but sufficient to zone the formation whenever good sections are
encountered, usually in wells. The paucity of planktonics and preponderance of
arenaceous benthonics suggests that deposition may have occurred in turbid,
relatively deep-water conditions.
Sands developed within the Nariva Formation are the oldest major oil reservoirs in
Trinidad; they are currently being produced on land at Tabaquite and offshore in
the Brighton Area.
In the Upper Cipero, oil is also produced at the Oropouche Field from the Retrench
Sands of late Lower Miocene age, that represent deep-water fans. A more
widespread development of sand occurs in the Middle Miocene Upper Cipero
Formation. These are the Herrera turbidite sands, which are exploited for
hydrocarbons along a trend from Penal in the west, through Barrackpore, to the
Balata Fields, east of Rio Claro.
Overlying the Upper Cipero in the Southern Basin are the Karamat and Lengua
Formations. The former is a noncalcareous clay with some sand developments,
similar to the Herrera Sands, but of minor economic importance. It is apparently
another example of turbid water deposition, as it contains a distinctive arenaceous
foraminiferal fauna, sometimes accompanied by calcareous benthonic and
planktonic species. It is the third instance of a Tertiary olistostrome, and is also
associated with the development of mud volcanoes. The olistoliths found range in
age from Upper Cretaceous to Lower Miocene.
The Lengua Formation consists of calcareous clays with excellent foraminiferal
faunas indicating outer neritic deposition. Towards the north in the Central Range,
its equivalent is the Tamana Formation with shallower marine clays.
Also within the Central Range in late Lower and Middle Miocene times (Upper
Brasso and Tamana Formations) reefal limestones were developed, indicating its
continued positive structural nature. Upper Miocene and younger sediments are

not found in the Central Range, but marine clays, silts and glauconitic sands of
these ages outcrop on the northern flanks suggesting that although the Central
Range may not have been fully emergent during this time, nonetheless it formed
an effective barrier isolating Upper Miocene to Pleistocene deposition in the
Northern and Southern Basins.
From this point the stratigraphy of the two basins is described separately.
Northern Basin (Upper Miocene to Pleistocene)
The Manzanilla Formation, of Upper Miocene and Lower Pliocene age,
unconformably overlies the Tamana and older formations. It is classically divided
into three members: Telemaque Sandstone , Montserrat Glauconitic Sandstone
and San Jose Calcareous Silt .
The type section for the San Jose Calcareous Silt is best exposed in the San Jose
River, but outcrops can be found in the Forres Park area and in Manzanilla Bay.
Typically it is an inky blue calcareous silt, with pockets of broken mollucscs, thin
fine grained quartzose and glauconitic sands. It contains rich inner neritic
foraminiferal and molluscan faunas, whilst the Telemaque Member is
characterised by brackish water arenaceous foraminiferal faunas and alternating
sands, clays and lignites . Locally developed between these two members is the
Montserrat Glauconitic Sandstone, actually a glauconitic “pellet rock” rather than a
sandstone. The abundance of Amphistegina suggests it was a shoal deposit.
The Manzanilla is the main producing horizon of the North Soldado field, which is
situated in the Gulf of Paria.
In general the Manzanilla sequence reflects an infilling and shallowing of the
Northern Basin. It is followed by the Springvale Formation (Upper Pliocene) which
represents a marine incursion. The three members of the Springvale Formation
are: Chickland Clay ,Savanneta Glauconitic Sandstone and Gransaull Clay .
The faunas found are generally indicative of an inner neritic environment of
deposition; locally excellent molluscan faunas are developed (Springvale Quarry,
Rutsch, 1942, and the Melajo Beds, Jung, 1969).

The Talparo Formation of Pleistocene age succeeds the Springvale Formation.
The foraminiferal faunas indicate shallow marine to brackish water deposition of
the clays and sands that comprise the formation. Of the six members of the
Talparo Formation, the Sum Sum Sand, a widely developed sand of estuarine tidal origin, is an important freshwater aquifer. It is also extensively quarried for
use as a concrete aggregate.
Southern Basin (Upper Miocene to Pleistocene)
In the Southern Basin the Upper Miocene Lower Cruse Clay succeeds the Middle
Miocene Lengua Formation.
These clays are non-calcareous and contain only a large arenaceous, deep-water
foraminiferal fauna, in contrast to the calcareous and arenaceous benthonic and
planktonic Lengua faunas. Many authors have attributed this faunal change to a
major hydrographical event caused by increased freshwater discharge and
turbidity, heralding the onset of deltaic deposition (Batjes, 1968).
The incompetent clays of the Lower Cruse and Lengua Formation have been
mobilised to produce mudflow plugs, dykes and many active mud volcanoes.
The formations succeeding the Lower Cruse are characterised by long-ranging
arenaceous and calcareous benthonic foraminiferal faunas non-diagnostic of age.
However, palynological studies over the past twenty-five years have established
the usefulness of this tool in developing a time-stratigraphic framework. It is now
felt that the first influx of deltaic silts and sands (Cruse and Gros Morne
Formations) in both west and east Trinidad represent the onset of Pliocene
deposition.
In the west, the Cruse, Forest and Morne L’Enfer Formations represent three
cycles of deltaic infilling of the basin, each progressively shallower and sandier
than the preceding. They are separated by the Lower and Upper Forest Clay
Members which reflect transgressive interludes in the overall regressive sequence.
The final infilling in the west occurred in the Pleistocene with the deposition of the
Erin Formation, which consists of continental and lagoonal sands, clays and

lignites. Spontaneous combustion of the lignitic beds, and possibly of biogenic
methane, has resulted in naturally burnt clays “porcellanites” which are used as
road metals they also frequently contain well preserved leaf and plant impressions.
In eastern Trinidad a similar sequence of events is recorded within the Gros Morne
and Mayaro Formations. In this context the Gros Morne Formation includes the
Gros Morne Silt, Gros Morne Sandstone, the St. Hilaire Silt, and the Trinity Hill
Sandstone (Kugler, 1959, Ablewhite and Higgins, 1968). The Las Tablas Silt and
Casa Cruz Sandstone (Kugler, 1959) are placed within the Mayaro Formation.
The overlying Palmiste Formation represents a marine transgression within the
Globorotalia margaritae Zone of the Pliocene.
The Roseau Formation was proposed by Batjes in 1968 to include deep-water
non-calcareous clays, similar in lithology and foraminiferal faunas to the Lower
Cruse Clay, which he interpreted to be time equivalent to the Cruse and Forest
Formations of the western Southern Basin.
The Cruse, Forest and Gros Morne Formations are the most important oil
producing horizons in Trinidad; oil production is also obtained from the Morne
L’Enfer Formation, and some gas from the Mayaro Formation.
The present geology of Trinidad reflects major tectonic movements within the late
Pliocene and the Pleistocene, resulting in the uplift of the Southern Range as well
as wrench faulting, best evidenced by the Los Bajos fault with a right lateral
movement of some 10.5 km (6.5 miles) (Wilson, 1968).
Terraces and terrace deposits of the Cedros Formation are the final evidence of
the Pleistocene and are found over the whole of the Island. The carapace of the
Pleistocene armadillo, Glyptodon, and the jaws and limb bones of the giant ground
sloth, Megatheriurn, and of the elephant, Mastodon, were recovered from terrace
deposits in the Forest Reserve oilfield (Saunders, 1974).
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TECTONOSTRATIGRAPHIC EVOLUTION OF THE GREATER
TRINIDAD AREA (ONSHORE & OFFSHORE)
BY: ANTHONY RAMLACKHANSINGH - PETROTRIN

The Greater Trinidad Area forms the easternmost part of the Eastern Venezuela Basin,
one of the world’s most prolific hydrocarbon bearing basin for both oil and gas. Today, it
has evolved into a complex south-east verging basement involved (hinterland) to
detached fold and thrust belt (between 100-130km of south-eastward shortening) and
associated Columbus foredeep basin with right-lateral strike tectonic beheading
(extensional collapse in the Gulf of Paria) the hinterland area of the fold belt.
Deformation is predominantly due to south-eastward directed Early to Middle Miocene
(25Ma-11.5Ma) oblique collision of the Caribbean Plate followed by it’s eastward
translation into the Present Time along the north-eastern margin of S.A. It’s evolution is
dominated by three (3) phases comprising nine (9) episodes.
A)

EXTENSIONAL DEFORMATION: SYNRIFT PHASE (~190Ma-157Ma)
The Greater Trinidad Area early history started on highly attenuated South
American crust (peneplaned Palaeozoic Fold Belt) due to north-west directed
Middle to Late Jurassic (190Ma-157Ma) rifting and continental break-up between
North America/ Yucatan and South America/ Africa/ Europe.
This was followed by a protracted rotational Upper Jurassic to Cretaceous
(157Ma-65Ma) NW to NE facing passive margin respectively with time for
Eastern Venezuela and Trinidad.
Onset of passive margin development was due to the NE to SW Central Atlantic
zipper-type opening (173Ma-162Ma) stepping north and west over the NW-SE
trending Guyana Transform margin (GMT) to the east-west Proto-Caribbbean
zipper-type oceanic crust intrusion and opening between Yucatan and the northern
margin of South America. This transitional opening resulted in marine incursion
and spill from the Central Atlantic opening into the Greater Trinidad Area
allowing for evaporite deposition, time-equivalent to Challenger Evaporite
deposits in GOM and Punta Auegre evaporites in Cuba.

The Greater Trinidad Area is unique at this time because it is defined by two
margins when compared to the rest of the northern margin of S.A. On the eastern
side of Present-Day Trinidad, it is defined by the sutured Central Atlantic oceanic
crust along the GTM and on the northern side by the sutured Proto-Caribbean
oceanic crust.
The consequence of differential stretching and associated NW to SE trending
transfer faults (eg. Bohordal, Urica, Los Bajos, etc.) during the syn-rift phase and
zipper-type Central Atlantic and Proto-Caribbean openings resulted in a serrated
(re-entrants and salients) northern margin with a cascading effect from west
(Columbia) to east (Trinidad). As such, the Greater Trinidad Area evolved on
more highly attenuated S.A. crust within a re-entrant bounded by the Bohordal
transfer fault to the west when compared to the rest of the northern margin of S.A.
Also, it placed the Area always in a more basinward position within a deeperwater setting dominated by turbidite deposits (eg. Barremian to Aptian deepwater
Cuche shales with respect to time equivalent shallow water deposits of
Barranquin sandstones and El Cantil limestones).
To the south, the Area is defined by normal S.A Continental Crust. As the
evolution of the Area developed, it appears that the transfer faults influenced the
development of tear faults and lateral ramps (Urica, Los Bajos and others)
associated with the Early to Middle Miocene folding and thrusting due to oblique
collision of the south-eastward advancing Caribbean Plate and continued lateral
ramping (Los Bajos, etc.) in the Early Pleistocene due to contractional
deformation associated with the eastward translation of the Caribbean Plate
(discussed under 1.65Ma Event). As well as, possible inversion of Jurassic
basement-involved rifted extensional faults as a result of near normal contraction
due to weak dextral transform/transcurrent faults (eg. North Coast, Hinge, etc.)
embedded in strong crust associated with the continued eastward translation of the
Caribbean Plate during the Early Pleistocene (1.65Ma Event).
This event resulted in uplifting onshore Trinidad and its adjacent offshore
extensions west and east by greater than two (2) seconds regionally higher than
the Present-Day Columbus foredeep basin when compared at any stratigraphic
level.
B)

EXTENSIONAL DEFORMATION: PROTRACTED PASSIVE
MARGIN PHASE : (157Ma-65Ma)
The protracted passive margin phase is divided into two (2) cycles.
Cycle-1 (~157Ma-124Ma) is due to the migration of the Bahamas
Bank/Florida/Evolving Cuba Landmass and associated Central Atlantic
Ridge/Transform System north-westward along the eastern side of the NW-SE

trending Guyana Transform Margin located east of Present-Day Trinidad during
this period. This sinistral motion along the GTM provided support for the
adjacent attenuated S.A. crust (Greater Trinidad Area) allowing for slow
subsidence. This evolution resulted in a NW facing passive margin dominated by
carbonates and evaporite deposits with sub-ordinate clastics (Northern Ranges
Deposits: Upper Jurassic - Maraval carbonates and Neocomian - Maracas midslope turbidite deposits and their time-equivalent shelfal deposits of possible
evaporites to the south).
Depositional setting (carbonates and evaporites) was similar to that of evolving
Cuba during this time period since it was located just east of Trinidad. Clastic
deposits derived primarily from the S.A. craton located to the south with a
possible supply from the Landmass to the east of the GTM. Evaporite deposits
may have reached as far south as the Present-Day South Coast of Trinidad and
may not only have been responsible to account for extra (unknown?) stratigraphy
sitting beneath the Greater Trinidad Area at this time but also becoming involved
in the Early Pleistocene contractional deformation (1.65Ma Event) that caused the
regional uplift with respect to the Present-Day Columbus foredeep basin.
Cycle 2-(~124mMa-65Ma): Continued north-westward migrating Landmass
along the eastern side of the GTM has gone past the Present-Day north-eastern tip
of Trinidad allowing the north-eastern margin of S.A. to subside as true simple
NE facing passive margin. Rapid subsidence and rising sea levels during this
period resulted in a SW backstepping sedimentation pattern towards the Guyana
Craton to the south and deepwater deposition of Barremian-Cuche to Upper
Cretaceous - Naparima Hill deepwater basin floor fans encased in hemipelagic
mudstones and their shelfal equivalent within the Greater Trinidad / EVB Area.
Shelfal equivalent (Barremian – Barranquin sandstones to Maastrichtian – San
Juan sandstones) being deposited mainly in the Venezuela Area. Fans migrate
and young from east to west along a north-east facing passive margin.
Rich organic Cenomanian to Turonian Type II marine source rocks deposited
during the period of highest sea-levels are responsible for sourcing all the oils and
thermogenic gas produced in the Greater Trinidad / EVB Area. Clastics derived
from craton to south with possible shelf-slope break around the Present-Day
Southern Range Anticlinal Trend and toe-of-slope at around Present-Day southern
limit of the Nariva Fold and Thrust Belt.
C)

CONTRACTIONAL DEFORMATION: ACTIVE MARGIN PHASE
(~65Ma to Present)
At around 65Ma the EVB including the Greater Trinidad Area started to
experience Active Margin Tectonics and this continued into the Present. This
period is punctuated by five events due mainly to plate boundary interaction with
an eastward advancing Caribbean Plate.

Event 1: Proto-Caribbean Subduction Collision (~65Ma-37Ma).
Onset of southward Proto-Caribbean subduction collision beneath the northern
margin of S.A. along the once sutured continent-oceanic boundary due to
convergence between North America and South America. This collision resulted
in an amagmatic forearc accretionary prism setting initially involving the passive
margin deposits and an amagmatic backarc trough. This collision was stitched off
and culminated in the Late Eocene / Early Oligocene during the emplacement of
Villa de Cura/Cordillera de Costa Ranges on the western side of the northern
margin of S.A. Backarc trough accommodated Palaeocene to Mid-Eocene
shallow to deep-water deposits (Paleocene-Vidono/Chaudiere and Early to Mid
Eocene – Caratas/Pointe-a-Pierre) derived from the craton to the south.
Sediments being transported transverse to axial parallel from west to east down
the backarc trough axis and into the open facing Atlantic.
Shallowing up of the environments led to carbonate deposits (Penas Blancas,
Tinijitas) in the Venezuela Area capping this event. Sediments transported into
the forearc setting may have been fed down the Guarico trough axis located to
west, which was set up by a combination of the oblique collision of the Caribbean
Plate with the north-west margin of Columbia and Proto-Caribbean collision
during this period. Pindel et. al. (2003-2004) suggests 42-55km of shortening
associated with this collision with most of it taken up in the north facing forearc
accretionary setting.
However, a fair amount of this shortening (20-30km) was accommodated southward south of the Present Day Central Ranges (within the Nariva F/T Belt),
folding and thrusting Cretaceous to Palaeocene Rocks to the point where they
were exposed to sub-aerial erosion. As such, sedimentation patterns and
distribution were syntectonically influenced by this southward shortening.
Eroded sediments being redepositied as possible Upper Eocene – San Fernando /
Plaisance and Early Oligocene - Angostura/Lower Cipero Sections within
synclinal positions.
It is believed that at the onset of subduction collision, in-plane stress could have
initiated an E-W trending extension scar (Pindell et. al. 2003-2004) allowing for
part of the passive margin stratigraphy to be transported northwards and become
involved into the forearc acceretionary complex.
This is evident by
Maastrichtian-Galera deposits sitting on Aptian/Albian – Toco/Tompire midslope deposits on the Present-Day northern flank of the Northern Ranges. Thrust
faults detaching within an Intra-Cuche level. There are several ways in which
this tectonic configuration can be structured and is open for discussions.

Event 2: Flexural Uplift & Forebulge Arrival – (~37Ma-33Ma)
At this time, the Proto-Caribbean subduction collision is shut-off due to continued
oblique Caribbean Plate-Prism with Proto-Caribbean Prism Collision and
emplacement of the Villa de Cura / Cordillera de Costa Ranges unto the northern
margin of S.A. back to the west. This emplacement resulted in flexural uplift and
forebulge arrival in the Present-Day Serraína / Maturin and Gulf of Paria areas to
subaerial erosion. This arrival also further accentuated the Palaeogene folding in
these areas to sub-aerial erosion and transport of sediments down the residual
Palaeogene backarc trough axis and synclinal positions from west to east and
deposited as Late Eocene – San Fernando / Plaisance Conglomerates and Early
Oligocene – Angostura deposits into the Greater Trinidad re-entrant. Tectonic
thrusting and loading due to continued oblique collision of Caribbean Plate/Prism
with Proto-Caribbean prism may have further accentuated the forebulge area to
deep erosion (Cretaceous level).
This major erosional event is preserved in the rock record in the EVB and can be
seen in well data in the Gulf Of Paria. It is believed that during the Palaeogene
that the Northern Ranges slope deposits were metamorphosed (low grade – 10km
burial) probably due to loading from a combination of Palaeogene forearc prism
and Caribbean Plate prism material.
Event 3: Oblique Collision (~25Ma-11.5Ma-6.0Ma)
Continued south-eastward directed oblique collision between the overriding
Caribbean Plate/Prism material with the Proto-Caribbean metamorphosed prism
material on the northward subducting South America Plate north-west of the
Present-Day Arya / Paria/ Ranges resulted in onset of uplift of the metamorphosed
Ranges and Serraína / Central Ranges and syntectonic foredeep settings that
migrated south and east with time.
This south-eastward shortening incorporated some of the same thrust planes
involving the Palaeogene folding. This onset is reflected by syntectonic
Oligocene – Early Miocene Naricual fan delta deposits in EVB and timeequivalent Nariva deep-water turbidite deposits in the Trinidad Re-entrant Area.
Nariva sediments being derived mainly from the craton to the south and west and
being transported down the residual Palaeogene / Oligocene backarc trough axis
and synclinal positions, as well as subordinate supply from the orogenic uplift
(Serrania) to the west.
This tectonic loading and foredeep development resulted in drowning of the preexisting Forebulge/Flexural uplift areas and gradual backstepping of shallow
water deltaic deposits (Late Oligocene to Early Miocene – Merecure / Officina)
towards the craton to the south. Sediments derived from the craton, as well as
exposed Upper Cretaceous rocks (Tigre) during this time. As such, Merecure /

Officina deposits (main producing section in El Furrial) unconformbly sits on
eroded Upper Cretaceous rocks in most of the Plataforma Deltana Area. Eustatic
fluctuations allowed for erosion of Merecure/Officina deposits to enter into the
Trinidad Re-entrant Area as far east as Present-Day offshore east coast of
Trinidad and deposited as Nariva turbidites along the foredeep axis.
This oblique collision culminated in the Middle Miocene (11.5Ma) with episodic
contractional deformation continuing into the Upper Miocene (~6.0Ma – in rock
record in Southern sub-basin of Trinidad). This event resulted primarily into a
detached south-east verging fold and thrust belt and associated tear faults and
lateral ramps (Urica, Los Bajos and others) with syntectonic foredeep deposits
(Early to Middle Miocene – Retrench & Herrera / Karamat deepwater turbidite
deposits encased in Cipero shales – time equivalent to Carapita in EVB) that
migrated south and east with time.
Sediments derived primarily from the south / southwest with supply also coming
from the orogenic uplift (Serraína) to the west. At the end of the MiddleMiocene, the Arya / Paria / Northern Ranges were out of the water exposed to
sub-aerial erosion, as well as the Serraína / Central Ranges trend. Continued
Caribbean Plate loading combined with tectonic loading in the vicinity of the
Trinidad Area subsided the Central Ranges within the photic zone capping this
event with Upper Miocene - Guaracara and Tamana Limestone deposits.
The fold belt tapered off to the south with shallow water Middle Miocene - Brasso
deposits occupying the wedge top piggy-back basin and Upper Miocene –
Karamat / Lengua / Lower Cruse (time-equivalent to La Pica – Amacuro &
Pedernales Members in EVB) deepwater deposits filling the foredeep setting
(Southern/Columbus basin) and on-lapping unto the deformation front to the north
and foreland / craton to the south. Upper Miocene sediment supply primarily
derived from the orogenic uplift (Serrina, and part Central Ranges) to the north
and west with transverse to axial parallel transport down the foredeep axis with
subordinate supply from the foreland / craton area to the south.
The deformation front had a general E-W trending zig-zag geometry due to the
amount of frontal shortening associated with the various NW-SE trending lateral
ramps. For example, south-eastward frontal shortening associated with the Los
Bajos Lateral ramp (~10km) culminated around the Present-Day onshore South
Coast of Trinidad along the Moruga west to Guayaguayare Area and its eastern
offshore extension (Galeota).
Some of the lateral ramps allowed for
communication between Northern and Southern basin sedimentation during the
Upper Miocene (eg. Los Bajos).
However, the general trend of the Front was probably along the Present-Day
Central Range / Nariva F/T Belt and its offshore extensions to the west and east,
and separated Northern Basin sediments from Southern Basin sediments at latest
up into the Early Pliocene. As such, the shape of the Front influenced the Upper

Miocene foredeep configuration, sedimentation distribution and patterns. As the
fold belt evolved, the main decollement surface cut up stratigraphy. As such,
there are different detachment levels (eg. Late Oligocene – Early Miocene Basal
Nariva, Top Cretaceous, Intra-Cuche, Basal Evaporites (main decollement
surface) with thrust faults all linking back to an Intra-Cuche detachment that steps
downward to the north beneath the evaporites and Northern Range deposits. This
all link to the Caribbean Plate Motion. About 60-80km of south-eastward
shortening is associated with this Event with same backthrusting forming a
triangle zone.
Event 4: (~10.0Ma-1.65Ma)
(a)

GRAVITY TECTONICS – DETACHED EXTENSIONAL SYSTEM –
SOUTHERN / COLUMBUS SUB-BASINS

(b)

SHEAR MOTION – STRIKE – SLIP TECTONICS – NORTHERN GULF OF
PARIA / CARONI SUB-BASIN

4 (a): Emplacement of the fold belt unto the north-eastern margin of S.A.
reoriented the Proto-Orinoco River in an ENE direction during the Upper
Miocene to Present with a deep re-entrant extending as far back west,
south of Maturin. This configuration allowed for detached extension
faults as well as sediment supply from all three margins (northern margin
– deformation front; southern margin – craton, western margin-re-entrant).
Sediment derived principally from the Proto-Orinoco river system and
transported down the Upper Miocene foredeep axis. This is evident by
Upper Miocene N-S curvilinear detached extension faults (growth fault
system) starting south of Maturin and propagating ENE to Present-Day
onshore Southern sub-basin and its offshore extensions from west to east
during the Pliocene/Early Pleistocene.
Faults appear to hug the Mid-Miocene Deformation Front and detach at
the 11.5Ma unconformity. These detached faults communicated with the
Middle Miocene thrusting and 11.5Ma unconformity allowing for most of
the oil migration and accumulations (OOIP>10BBO) in Upper
Miocene/Pliocene deepwater turbidite to deltaic reservoirs during this
period. Caribbean Plate loading, tectonic loading and deltaic sedimentary
loading were responsible for subsiding the Upper Cretaceous source rocks
into the oil window.
However, Early Pleistocene contractional deformation along the PresentDay South Coast of Trinidad (Southern Range Anticline) and its offshore
extensions, as well as southward transport and folding of the Mid-Miocene
Fold Belt folded the detached extensional systems resulting in remigration
of hydrocarbons into structurally high positions in time equivalent
reservoirs or leaking into overlying younger reservoirs. It also resulted in
shifting the Proto-Orinoco River south and east into the Present-Day

Columbus foredeep basin causing massive Pleistocene detached
extensional collapse across the paleo - GTM zone and touch down basins
with toe thrusts.
Sedimentary fill show a shallowing up of environments from foredeep
deepwater turbidite deposits in Upper Miocene followed by Pliocene wave
to tidal dominated deposits and Pleistocene continental fluvial deposits.
4 (b):

During this period, the Greater Trinidad Area is situated within the
Inflection zone of the Arc of the eastward translating Caribbean Plate
resulting in strain partitioning causing hybrids of oblique slip (strike-slip
and dip-slip) deformational style. Eastward translation of the Caribbean
Plate during this period resulted in near normal extensional collapse (pulla-part-basin) in the present-day northern Gulf-of-Paria due to right-lateral
right-stepping strike-slip from the El Pilar Fault to Warm Springs Fault.
Western limit of extensional collapse is defined by the San Juan Graben
(Venezuela) / Bohodal transfer fault (now a normal fault) and eastern limit
defined by the west coast of Trinidad.
This extensional collapse would have been further accentuated by the
thicker eastward advancing Caribbean Plate load overriding attenuated
S.A. continental crust in the vicinity. It also resulted in beheading and
concealing the coherent fold belt and associated lateral ramps. The El
Pilar fault does not propagate into the foothills of the onshore Northern
Ranges but becomes a null point possibly offshore Gulf of Paria west of
Port-of-Spain.
The extensional displacement was accommodated by transpressional
deformation along the Central Range System and its eastern offshore
extension by further retightening of Middle Miocene folds and folding of
Upper Miocene to Pleistocene (Cunapo Conglomerates – Manzanilla –
Springvale - Talparo) deltaic to continental fluvial deposits on its northern
flank. Continued translation and uplift of the Northern Ranges being the
dominant provenance of early sediment supply (Cunapo Conglomerates)
followed by dominant supply from the Serrina to the west, parts of the
Central Ranges to south and spill over from the Proto-Orinoco system to
the WSW during subsequent deposition. There is not more than 25km of
strike-slip associated with the extensional collapse/Warm Springs System.

Event 5: CONTRACTIONAL DEFORMATION – POSITIVE INVERSION
Regional uplift of onshore Trinidad and its offshore extensions by greater than two
(2) seconds than any regional stratigraphic level within the Present-Day Columbus
transitional foredeep/passive margin basin (from west to east) is due to
contractional deformation either as inversion of Jurassic basement involved faults
or deeper thrusting involving time-equivalent unknown Northern Ranges shelfal
stratigraphy (especially evaporites) beneath the Greater Trinidad Area or a
combination of both. This deformation resulted in migrating the Middle Miocene
Front southward to its Present-Day position along the South Coast of Trinidad and
its offshore extensions west and east.
It also resulted in transporting and refolding the Palaeogene to Middle Miocene fold
belt, as well as generating a number of out-of-sequence thrust faults (eg. Debe
Wellington trend etc.), especially within the Central Range – Nariva fold and thrust
belt. Upliftment and inversion due to near normal contraction either due to weak
transform/transcurrent faults embedded in strong crust (low shear stress vs. high
deviatoric stress) associated with the Caribbean Plate Margin or the Caribbean Plate
underpinning the Northern Ranges and providing the driver for southward directed
contractional deformation. Los Bajos and others continued as lateral ramps into the
Pleistocene.
Most of the shortening associated with the continued Los Bajos lateral ramp was
accommodated in the ENE/WSW trending Rock Dome Anticline while the
remainder was accommodated in retightening of the Mid-to Upper Miocene frontal
folds. This contractional deformation may have resulted in a further 10-20km of
southward shortening with associated backthrusting forming a typical triangle zone
or delta zone.
In summary, the Mesozoic – Cenozoic tectonic framework for the Greater Trinidad
Area evolved from every possible type of plate boundary interaction with the northeastern margin of South America resulting in a complete but complex mix of
basement involved to detached – extensional, contractional, shear and vertical
(Gravity Tectonics) kinematics of deformation. Where older tectonic fabric
influenced subsequent deformation patterns, orientations and of folds and faults
(lateral ramps) geometries and younger deformation reutilising older tectonic fabric
(Inversion). Today, the Greater Trinidad Area forms part of the Caribbean Plate
Principal Deformation Zone and Accretionary Prism (Ultra Deep Area).

MUD VOLCANOES
The term “mud-volcano” generally is applied to a more or less violent eruption or
surfaces extrusion of watery mud or clay which almost invariably is accompanied by
methane gas, and which commonly tends to build up a solid mud or clay deposit
around its orifice which may have a conical or volcano-like shape. The source of a
mud volcano commonly may be traced to a substantial subsurface layer or diapir of
highly plastic, and probably undercompacted, mud or shale. Mud volcanoes also
commonly appear to be related to lines of fracture, faulting, or sharp folding. There
appears to be a close interrelation between undercompacted (overpressured) muds
or shale bodies, mud or shale diapirs, mud lumps, and mud volcanoes; and all
degrees of gradation from one to another. Mud volcanoes are one of the most
useful surface sources of information on the nature of materials in mud diapirs and
undercompacted shale bodies.
The motivating force responsible for a mud volcano is, in part, simply the weight of
rock overburden borne by the fluid content of undecompacted shales. However,
mud volcanoes all over the world are associated so invariably with quietly or
explosively escaping methane gas that it is reasonable to conclude that the
presence of methane gas in the subsurface is also an essential feature of the
phenomenon. The mud of the volcanoes is a mixture of clay and salt water which is
kept in the state of a slurry by the boiling or churning activity of escaping methane
gas. Probably the methane gas was derived either directly from organic matter in
muds or shales or from secondary accumulations in sand stringers within the
source-rock shale or from larger reservoirs just above or just below such shales.
Some liquid oil often, but not always, is associated with the hydrocarbon gases of
mud volcanoes.
Commonly the activity of a mud volcano is simply a mild surface upwelling of muddy
and usually saline water accompanied by gas bubbles. However, many ,instances
are known of highly explosive eruptions where large masses of rock have been
violently blown out hundreds of feet into the air and scattered widely over the
countryside. These intermittent violent eruptions strongly suggest that motive force
is not merely weight of gradually increasing overburden but is due to periodic
buildup and release of internal pressure from the generation of methane gas within
the shale body or diapir. (Hedberg, H.D. , 1974 , Role of methane generation to
undercompacted shales, Shale diapirs and mud volcanoes. Bull. AAPG, V. 58, No. 4, P. 661 –
673)

Fig.5
Mud Volcanoes to be visited
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The Piparo Mud Volcano A photographic chronicle 1997 – Present.
The Piparo mud volcano is located within the Naparima Fold Belt of the
Central Range of Trinidad. Within the area, the Nariva Formation, a shale
dominated unit (up to 3,000’ thick) with minor sands outcrops. The extruded
mud contains fragments of fragments of oil impregnated sandstone, chert,
fibrous calcite and other lithologies, the origin of some of which cannot be
identified. The main vent is located at: E 0681020.534 N 1143191.335
(UTM, Naparima Datum), with an elevation in 2003 of 378.88 feet.

Fig. 7 Saunders 1997 surface geology map

26/01/1997
First activity of the mud volcano occurred on 25th January 1997. NE – SW
trending cracks appeared across the road. Land around the original crater
was uplifted by =/- 2 feet, the road however subsided by about 2 foot. In the
roadway 2 small mud cones about 1 foot high built up, but were not active
when visited. Minor amounts of gas were escaping from the cracks in the
road.

Panoramic view looking east on the 25 Feb. 1997
Major Eruption – 23 February 1997

From the Daily Express

The centre of the escaping gas is marked by the stick.

The centre of the escaping gas is marked by the stick.

Horizontal slickenslides on the south flank of the mud volcano had a trend
of 850.
Other faults with orientations of 260 and 1450 (horizontal slickenslides)
On the south side were also noted fractures with orientations of 1050, 200
and 780 – this was the most continuous and had uplift associated with it.

This fault had an orientation of 700, with 4 feet of left lateral motion (south side moved east)

View looking west, a large “Pressure Ridge” developed perpendicular to the
road, it was about 3’ high. This indicates movement of material westwards,
by the intrusion of material by the eruption. These pressure ridges occurred
at a number of places towards the base of the hill. Not seen, but to the left
of the photo is a utility pole that clearly showed movement of material west,
earth was piled up on the eastern side and a large gap existed to the west.
Also note the cracks parallel to the roadway

Broken wall indicating extension of the area, the crack in the wall connects
to the crack in the road.

Water filled hole in the road on the eastern side of the mud volcano.
Bubbles of gas were seen escaping for at least a week.

Late 1997, Flags mark the centre of activity

Early 1998, Flags mark the centre former of activity

28 January 2001, a cone about 4’ high has developed.
13 July 2002, cone has been partially destroyed by vandals. Only about 2.5
‘ high. A pool 3’ in diameter exists. Activity is minimal with a large gas and
mud bubble every 5 minutes.

Main vent 26-3-2003

The main vent in February 2006, a smaller more active cone has developed
to the north east.
Year

Height Range

2003
2004
2006

360-382’
355-364’
349-358’

Number of active
vents
20
24
35

Of note is that the height of the original mud volcano before the 1997
eruption was around 350 ft, the height in 2003 was 382’ with a range of 360’
– 382’, in 2004 it was 355’ – 364’ and in 2006 it was 349’ – 358’. Thus it
appears that the Piparo mud volcano has lost 24’ in height, it is not known if
this is due to erosion of the tassik area or deflation of the whole cone. Also

note that the 2003 height indicates after the eruption it was 32’ higher
mainly due to extrusion of mud.

Location of mud vents 2003 – 2006.
The location of the vents has remained fairly constant over the years, in
spite of attempts of misguided visitors and residents to plug the vents with
rubbish. The vents are also found along fairly trends the main one being
roughly east – west to the north of the main vent. Other SW – NE and WNW
– ESE being noted.

Suter 1952
Unlike most of the other mud volcanoes in Trinidad, the Piparo mud volcano
has extruded a large number of rock clasts in the mud, which cover the
tassik of the cone. These clasts are made up of a number of formations
which the fluidized mud has passed through on its way to the surface.
Fragments of mica rich Nariva sandstone, both oil impregnated and water
wet are common, lignite and parallel laminated shales are also common.
Coarse Point-a-Pierre sandstones, marls similar to the Lizard Springs,
Cuche Shales, chert rich material similar to the Naparima Hill Argilline,
occasional greenish sandstone, red mudstones and abundant fibrous calcite
occur.
Deville et al. (2002) analysed (XRD & MEB) various clasts and the mud
matrix . The mud included several types of clays ( kaolinite, illite, smectite &

vermiculite) other grains include quartz, feldspar, siderite, rutile, anatase,
chlorite and muscovite. The mud was rich in very thin (<3mm), angularand
fractured quartz grains ,this and the presence calcite crystals suggested that
they were all affected by hydrofracturing.
.

View of the clast covered tassik, looking north.

Fibrous calcite

Calcite filled fractures in sandstone

Cuche? shale

Naparima Hill argillite

Lizard Springs?

Nariva sandstone

Point-a-Pierre?

STOP 2 – DIGITY MUD VOLCANO
This area forms part of the fold and thrust system, known as the
Naparima fold belt, lying south of the Central Range. The thrusts and
folds trend WSW – ENE. The core of the anticline is made up then
Upper-Lower Cruse Formation and plunges in a SW direction. The
anticline is asymmetric, with a moderately dipping north flank (450) and a
steeply dipping (80-900) south flank. Within the core of the anticline is a
zone of highly disturbed rock marked by a line of oil and gas seeps and
occasional mudflow. There are also a number of NW-SE trending normal
faults and are probably tension faults related to folding.

DIGITY MUD VOLCANO
Location UTM (Naparima Datum) : E 06723357 N 1126241, 63’ msl.
Digity Mud volcano 28th Feb. 2003 The Digity Mud Volcano is located in
an almost crestal position, in a slight saddle separating the Penal and
Barrackpore areas. The mudflow covers an area of 5 acres. The ejected
mud is dominated by a Lengua formainiferal assemblage, Oligocene
faunas are also found with occasional pieces of Herrera sand.

The cone is 63' above sea level and is 20' high with mud and gas being
ejected very infrequently (22/2/2003) It appears also that the amount of
mud being ejected is directly related to the amount of rainfall, since in the
dry season little or noactivity is present. Meteoric water may thus be
important here.

The cone in February 2006, there is no activity and the mud in the vent is
dried out. Note that the cone is slightly asymmetrical with the steeper side
to the north

Mud flowing from the vent (February 2004)

View of the crater, large gas bubbles escaping through the mud. No oil is
seen in the mud, which is very viscous.

The surface of the tassik is mud
dominated with very small (+/- 3mm)
mudstone clasts, however rare
sandstone and Naparima Hill argillite
clasts are present. The cone is
surrounded by sand that has been
winnowed from the erupted mud. This
sand may have originated from the
shallow Forest reservoirs that the mud
passes through.

STOP 3 - THE PALO SECO MUD VOLCANOES
PALO SECO Mud Volcanoes:
location N 121,000 , E 284,000 (Cassini links), Area – 0.5 hectacres, 75 m in diameter. There is
negligible tassik in this area and the cones and pools are found in thick bush, surveys show that
the mudflows cover 24 hectacres. No pebbles or boulders are seen around the eruptive centres,
only a very fine sand in seen in places where the mud has been washed away,

Currently, 4 March 2006, there are 11 active cones and pools of various sizes scattered through
the area. Most have appeared within the last 2 years.

The coarser particles microscopically appear to
consist of fine quartz.

PH
Cl
SO4
CO3
Total Solids
Viscosity
Rw

9.3
10,800
12
600
17,090
60
0.325

Water analysis
HCO3
Fe
Ca
Mg
Mud density lbs/ft3
Equivalent ppm NaCl

214
1
4
56
85
18,493

Gas Analysis
Acid Gasses – nil
Methane – 97.3
Ethane – 1.0
Propane - nil

Butane - nil
Air – nil
Hydrogen Sulphide - nil
Permanent gasses – 1.7

The gasses burn with a yellow to orange, smokeless flame. DeVille et al (2002) indicates that the
gas is thermogenic in origin. Analysis of noble gas radiogenic isotopes ( 40Ar*/20Ne vs 4He/20Ne)
has shown that the residence time is shorter for the gas expelled by the mud volcanoes than for
gas present in producing fields. Thus gas expelled is not from fields but from deep kitchens.

This is the principal vent, it has been classed as a caldera type by Barr and Saunders (1974)
There is a visible oil ring in the mud and a sheen on the surrounding mud. A gas bubble is seen
approximately every 10 seconds. The depth of this pool exceeds 150’ according to DeVille (2002)
and the temperature is slightly below atmospheric. The temperature profile down the vent
continues to be below the normal geothermal gradient, probably due to cooling of the mud by gas
expansion.

The same pool on 4-3-2006, the thin mud has been replaced by a more viscous but well aerated
mud. There is still a main point for the escape of the gas but consists of a large number of small
bubbles. An oil scum is still visible.

Overview of the first pool

Close up of the main vent of the first pool, there
about 15 large bubbles per minute escaping. Th
slight oil scum is seen.

First cone, about 4 feet high,. Mud issues from the vent with no set frequency.

Mud flowing down the side of the cone, unlike most other
flows this one is to the west.

Close up of the vent

STOP 4
THE PITCH LAKE AT LA BREA
Legend has it a tribe of Chayma Indians built their palm leaf huts to create a small
village. Having been victorious in battle with neighboring tribes, the Chayma
celebrated, and being intoxicated with joy, the were blind to their ancient belief that
the beautiful and iridescent humming birds were the souls of the departed. They
killed these feathered jewels in hundreds, ate them, and bedecked themselves
with the plumage The ‘Great Spirit’, greatly angered by this wanton slaughter, and
as a punishment, caused the earth to open and the entire village, with all of its
wicked people, sank into the earth, after which the cavity filled with asphalt. The
entire village and its population were thus completely buried and lie still at the
bottom of the asphalt lake, or is it is called today, the Pitch Lake (deVerteuil 1993).

Surface geological map after Kugler 1959

Aerial photograph of the Pitch Lake and environs

The elevation of the rim of the Lake is about 139 ft and it covers an area of 126
acres. Work by Williams, Bain and Webber indicates that the base of the lake is
bowl shaped and is approximately 62m deep at its centre. As seen in the
photograph above the Lake surface is marked by large convection cells where it
appears that pitch is welling up from the depths. These spots are marked by very
soft material similar to very heavy crude and are locally called ‘Mother of the Lake’.
Natural pitch also occurs subsurface in the form of veins and sills in the vicinity of
the Pitch Lake. Outside the Brighton area, asphalt or asphaltic bitumen is only a
minor constituent of some oilsands. In cores from oil wells veinlets, thin penny
sized patches, and thin veneers on cleavage planes are found occasionally,
particularly in some Oligocene sandstones and in the argillite. There is a gradation
between the pitch of pitch sands and the pitch of the lake varieties asphalt, both
being derived from crude oil Many substances described as wax from outcrops
and from oil wells are in reality mixtures of pitch bodies.

The bulk properties of Trinidad Lake Asphalt are quoted in almost textbooks on
petroleum geology. When fresh, the asphalt of the Pitch Lake is brown to black,

A cross-section through the Pitch Lake (after Kugler 1959)

brown semi-lustrous: it contains holes just Swiss cheese. The mineral content
reaches up to 35 per cent, and is apparently a specific feature of the Trinidad Lake
Asphalt; it consists quartz and colloidal clay. The pitch has a high nickel content
(Stutzer, 1931, p. 20). The specific gravity of air-dried raw pitch averages about
1.23 (Curlet—private report).
Table 25. Composition of Trinidad Lake Asphalt
Composition of organic Part (after
Stutzer, 1931, p. 61)
C
82.3 per cent.
H
10-36
S
6.23
0
0.8
Ni
1.1

Bulk Composition
(after Abraham, 1938, p. 186)
Hydrocarbons CS2, sol. 39.0 per cent.
Asphaltite
0.1
Hydration water
4.3
Free water and gas
29.0
Mineral matter
27.2

The residue contains, besides quartz sand, some heavy minerals such as
glaucophane etc., also clay, and some fossil matter, mainly foraminifera, derived
from the pierced rocks: the oldest foraminifera are Oligocene-Nariva age
(Bronnimann —oral communication). The genesis of the asphalt or pitch is not yet
fully understood. All the many hypotheses (polymerisation, selective adsorption by
silica and clay minerals, oxidation, electrostatic accumulation of pitch bodies,
differential crystallisation in a changing temperature field may describe contributory
causes or processes. Oxidation of a parent crude has probably played only a
minor part in the formation of the Lake Asphalt, since asphalts occur subsurface
outside the zone of weathering. The hypothesis crystallisation, due to temperature
changes which, of course, may have been helped by electrostatic processes
(Dvkstra, 1944) active during last stage of migration through a siliceous sand, is
attractive. This hypothesis assumes that the parent crude contains asphalt or pitch
bodies in microscopic or molecular size, which seems plausible in view of chemical
constitution of Trinidad oils. Moreover, pitch is formed during the process of crude
oil production in many Trinidad wells.
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STOP 5
LOCALITY : NAPARIMA HILL, SAN FERNANDO
FORMATION : NAPARIMA HILL FORMATION
AGE : LATE CRETACEOUS (TURONIAN-CAMPANIAN)

The Hill is a Late Cretaceous inlier surrounded by Paleocene Lower Lizard Springs Formation on
its northeast and Oligo-Miocene Cipero Formation on its southern boundary.
The Naparima Hill Formation is made up of a well-bedded indurated black to light-grey mudstone
(argilline) to siliceous claystone weathering to cream and white colours. The rock is very’ brittle
and highly fractured and may contain chert nodules in parts. The average thickness of the
formation may amount to about 400 m but thicknesses of 700 m are known from well data. A
relatively rich, mostly benthonic. foraminiferal fauna can be obtained from some of the more
shaley beds.
Palaeo-environmental studies (Koutsoukos and Merrick 1985) indicate that a progressive
deepening occurred from Late Cenomanian to Santonian with environments ranging from deep
neritic to upper bathyal (water depths 200 to 350 m). Late Campanian to Middle Maastrichtian
benthonic foraminiferal indicate deposition under optimum marine conditions in water depths
ranging from upper bathyal to abyssal (350 m to 3000 m). Frequent intermittent phases of
restricted circulation and resultant poorly’ oxygenated water conditions occurred in the Coniacian
to Santonian.
Geochemical analyses (Rodrigues 1985) indicate that the Naparima Hill Formation is
characterized by relatively high TOCs (2.2 average) and amorphous Type II kerogens suggesting
good to excellent oil source potential. Chromatographic characteristics and gross geochemical
properties of produced oils correlate best with rock extracts from the Naparima Hill and (Gautier)
Formations indicating a probable genetic association.
The fracturing is due to the low clay content and is a result of Middle Miocene deformation which
formed the Naparima Hill thrust and associated anticline. In strike view the beds are disturbed by
numerous anastomosing thrust faults. In dip view large scale dip panels are evident indicating the
structure was controlled by brittle fault bend folding.

View of the Naparima Hill from the south.

Spot map of the San Fernando area (after Kugler 1959)

Well bedded argilline with occasional chert bands, bioturbation is present.
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