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INTRODUCTION

Trinidad lics at the boundary ot the Caribbean, South American and Atlantic plates.
This boundary cxhibits marked obliguity with Trinidad situated within its ‘intlection
zone’. The stratigraphy ot the island records a complex interaction of the plate-scale
forces which varv temporally and spatially creating several sedimentary basins bounded
by fault systems. The Mesozoic-Cenozoic tectonic {ramework of Trinidad and. by
extrapolation, the northern South American margin appears to be the product of rifting,
drifting, compression. aceretion of allochtonous terranes and strike-slip faulting.

The Southern Basin 1s an onshore basin bounded to the north by the Central Ranges
and to the south by the Southern Ranse Svstem. Approximately 1700 km' in size, it
contains an exposed stratigraphic record (Figs. 1 & 2) spanning Mid-Cretaceous 1o
Recent. The genesis and detormation of the Southern Basin was driven by the relative
motion of the Caribbean (CARIB)Y and South-American (SOAM) plates.

A four-phase evolution (Fig. 3 of the Southern Basin is proposed :
. Phase 1: Earlv Cretaceous to Late Oligocene. 4 passive margin system exhibiting
features of a classic Atlantic type margin.
. Phase I Late Oligocene to Middle Miocene, a southeast directed compressional
system developed caused by the arrival of the Cartbbean Plate in the vicinity north
of Trinidad.

. Phase 11I: Late Miocene to Farly Pliocene, a transtenstonal period caused by
oblique divergence of the CARIB and SOAM plates.

. Phase 1V: Upper Pliocene to Recent. a transpressional phase caused by the
continued (but now oblique convergence) motion of the CARIB and SOAM
plates.
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This tnp (Fg 4) will attempt 1o relate the outerop geology of the Central Ranges
and the Southern Basin to this tectonie framework. The Central Ranges contain
parauthochtonous sediments which hold some of the best clues to the tectonostratigraphic
cvolution of the Trinidad region, including evidence for the occurrence of inversion
tectonics. Also present in the Central Ranges and Southern Basin are numerous mud
voleanoes which were not created by “passive” density inverston within a subsiding basin,
but rather highlight a dynamic interplay between businal flulds and tectonic detormation.
These mud voleanoes are normally found along the thrust tault rends.

The trip will begin from Port of Spain and travel eastwards along the northern rim
of the Caroni Basin into the easternmost Central Ranges where we will work our way
south and westwurds ending the trip at Naparima Hill. San Fernando. on the west coast.
Due to time constraints we will not be able to visit the Cruse and vounger formations,
however, the Northern Basin Manzamila and Springvale Formations will be substituted
as ‘proxies’ for the deltaics of the Southern Basin.

The trip involves a medium degree of difficulty with long drives between outerops
and promises views of some of the more spectacular scenery of the tsland.

PLATE TECTONIC EVOLLUTION

The mvestigation ot the Caribbean-South  American  plate  boundary  spans
approximalely thirty five vears with Molnar and Svkes (1969), Jordan (1975) and Ladd
(1970} publishing some ol the classic papers on the subject

The lterature records a great debate as to the plate tectonic evolution of the Trimdad
arca with opinions varving with every author. The only point oi convergence among the
various workers 18 that the ‘Trinidad area 1s very complex.  We wili present an
evolutionary story based on the current Bterature content and punctuate it with some
critical comiments.

The Trinidad region involves the interaction of three major plates .

. CARIB: Caribbean Plate: composed of modified oceanic crust.

. SOAMN: South American Plate; continental crust.

. ATLANTIC: oceanice crust.
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At least three kinentatic models of the CARIB-SOAM plate boundary interactions have
been formulated (Russo et al, 19923, These are :

. Molnar and Sykes (1969): hinge faulting and subduction of Atantic oceanic

lithosphere beneath a relative east moving Caribbean Plate.

. Jordan (19733 dextral oblique collision of the CARIB and SOAM plates.

. Svkes et al (1982): dextral oblique extension. The plate velocily magnitudes

for this range of models vary tfrom 0.5t 40cm _\-’r‘l of eastward
relative motion between the CARIB and SOAM plates.

No dircet measurement of the CARIB-SOAM plate velocity is available and this 1s
therefore measured indirectly from a plate circuit caleulation :
(CARIB - SOAM)v - (CARIB - NOAMM  — (NOAM - AFR)v + (AR - SOAM)v
where AFR 18 the relative velocity of the Afriean Plate.
(CARIDB - NOAM)v - Rosencrantz & Slater (1986), spreading of the Cavman trough.
(NOAM - AFR)v - Klitgord and Schouten (1986): Pindell et al (1988), North Atfantic
magnetic anomalics.
(AFR - SO0AM)v - Cande et al (1988): Pindell et al (1988). magnetic anomalics.

From this circuit the CARIB-SOAM velocity 1s calculated as currently being
approximately 1.0 em y:"] {(Case, 1990). Russu et al (1992) noted that two data sets have
been used to constrain the CARIB-NOAM motion: the ridge transform system at the
Cavman Trouch and the carthquake slip vectors of the northern lesser Antilles
subduction zone.  Both data sets yield significantly different Buler poles.  Tor the
Cayman Trough data set an ESE vector with a rate of 1.5 ¢m yr'] of CARIB-SOAM
motion 15 predicted. Using the northern Lesser Antilles slip vectors an ENE vector, at
42 ¢em yr'l at Trimdad. is predicted. The solutions and subscquent plate reconstructions
are therefore heavily model dependent.

SEISMICITY

Russo et al (1992) review and discuss the scismicity (Fig. 3 a-d) ot the southeastern
(aribbean in detail. Frequent earthquakes ot both shallow and intermediate depth occur
in the region arcund Trinidad. Russo et al (1992) focus on the tectonic causes of these
carthquakes. the locations and orientations of the boundanes they delineate and the senses
of motion along these boundanies. They present data {rom fifty cight focal mechanism
soluttions and mvestigate the plausibility of two models of plate boundary zonc
interaction in the SE Caribbean. viz .

. Trench-Trench transform and hinge-faulting model
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. Right oblique collision zonc of the CARIB-SOAM plates.

Russo et al (1992) note that the carthquake distribution 1s very heterogencous and
that there 1s no through-going well defined fault zone. The clumping of scismic events
creates a subdivision of  the aren into scismie and asersmic zones. The Pana cluster
immediately off to the northwest of Trimndad, with 1ts predominant RLSS ecarthquake
mechanism. mdicates that strike-slip motion occurs here but 13 not propagated along the
same trgjectory to Tomdad. Tias represents. m our opinlon. a  propagating fault up.
Iistoncally this RILSS was extrapolated through Trinidad. called the Ei Pilar Fault and
labelled as the southeastemn boundary of the CARIE Plate. This 1s now considered to be
meorrect. The shallow earthquakes possess quite variable focal mechanisms and are most
likely the products of second order deformation caused by the propagating tip.

Based on the setsmicity, Russo et al  (1992) conclude that the most probable
mechanism of the present-day CARIB-SOAM plate interaction is that of a right obligue
collision model.

Within the Tromidad area geochronological work was conducted on the Northern
Ranges by Speed (1992} and on the Central and Southern Ranges by Algar (1993). The
Central and Southern Ranges sampling showed that there was msuffictent magnetic
material 1 most of the rocks to produce viable results. Foland and Speed (1992). using
Artiar? results, established that the Northern Ranges underwent metamorphism less
than 27 MYRBP, and that the metamorphic temperature did not exceed 3507 C.

CARIBBEAN EVOLUTION

There are many published papers on the evolution of the Carthbean c.g. Ladd (1976):
Beck (1983); Burke ¢t al (1984); Ross and Scotese (1988}, Pindell et af (1988): Lrlich
and Barrett (1990); Bosh and Rodriguez (19923, In general terms all these papers give a
similar story. The uming of events are relatively similar and they all use the Cavman
Trough spreading rates to provide the CARIB-NOAM component of the vector circutt.
The ditferences in the models come from the local problems. {or example, the
emplacement ol the Maracaibo block. where is the plate boundary expressed in 1rinidad?,
does the Fl Pilar tault exist in Trinidad? and other “local” questions. We would examine
a general Cartbbean reconstruction adupted trom Pindell et al (1988) (Figs. 6 a-d) and
then discuss the tectonic evolution of Trinidad.

. Late Jurassic (Oxfordian): Crustal stretching, NW-SE divergence of NOAM and
SOAM, seafloor spreading accretion of new oceamice crust in Central Atlantic:
risc 1n custatic sca-level.
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Farly Cretaceous (Aptian): Chunge m the NW-SE divergence of NOAM-SOAM

to one of E-W rransform moton related to the operang of the South Atlantic.

Farly Campanian (Fie. 6a): Laweral expulsion ot the Caribbean Plate from the
Faradon Plate: inivates rapid NE motion of Aves Ridee/Lesser Antilles are into
the Proto-Caribbean.

Middle Eocene (Fig. 6b): Scatloor spreading in the Cayman Trough. Volcanism
beging in the Lesser Antillean are. This arc moves rapidly eastwards with
significant ship on left lateral strike-ship faults on the CARTB-NOQAM boundary.
The southern CARIB-SOAM would be experiencing a convergent margin
caused by the opening of the Grenada Basin forming the Lara Nappes and
Maracaibo {oredeep.

Middle Miocene (Fig. 6¢): A 00 km westward translation relatve to the Recent
occwred, Shortening of the Pertja-Merida Andes imitiate ship on the sirike shp
fault system of porthern Venezuela.

Phocene-Present (Fig. 6d): Eastwards translation of the CARIB plate relative

10 SOAM as defined by seismicity around the plate margin and subduction

of the Lesser Anttlles are.

TRINIDAD EVOLUTION

From the earlier discussion two peneralizations can be made about the Trinidad area :

No through-going simple principal surtace RLSS fault which defines the CARIB-
SOAM boundary exists i Irinidad. Trimdad tes inan “inflection zone™ which
exhibits RLSS motion immediately 1o the west of the islund along its E-W
“asymprore’, and subduction along @ west dipping deformation front on its N-S
asymptote”. Deformauon in this “inflection zone™ 18 characterized by the
flipping ot principal stress axes causing hyvbrids ol pure strike slip and pure
compression resuling m an oblique ship deformational styvle. This deformation
15 caused by the interaction of CARIB and SOAM plates. Oblique motions tend
to possess a non-plane strairn. non-coaxial nature and this tends to make the
identification of instantancous stram axes difficalt. Paruitioning of strain is also
a commaon feature of oblique deformation zones.

Fault systems within thig “inflection zone™ would more than likely follow the

tabric of the nit margin faults generated with NOAM-SOAM divergence. The

gcomorphological units (ee. Central and Southern Ranges) probably reflect
inversion sites of old rifi margin faalts,
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TECTONOSTRATIGRAPHIC EVOLUTION
PHASE 1 EARLY CRETACEQUS - LATE OLIGOCENE, Pussive Margin Phase

The Late Barremnian to Early Albian i1s represented by the Cuche Formation
described by Kugler (1936} as micaceous, gritty carbonaceous stits with occasional lavers
of quartzitic grits. The Barremian-Aptian "Remante Bed™ of the La Carriere member of
the Cuche Formation at Pointe-a-Pierre contains a rich assemblage of thick-shelled
molllusks. Late Aptian seems to be represented by the Martdale member of essentially
brown-yettow silty limestones and marls. The Albian stage is known from a block of
reworked. blue, silty limestone with Distoloceras. The Cennomanian is marked by the
almost abrupt appearance of a uniform series of well-bedded, black, bituminous
calcareous shales characterizing the Gautier Formation. This facies indicate a deep water
sefting. With the continued opening of the Atlantic and the addition of new sea tloor,
custatic sea level rose with the concurrent deposition of the deep water Turenian-Lower
Maastriction Naparima Hill Fermation.

This formation is a hemipelagic deposit  locally called ~argillite™ and s
composittonally a calearcous organic rich siliceous mudstone representing a departure
from the pre-existing shale-dominated formations. The majority of the Maastrictian i3
represented by the Guayaguayare Formation, a calcareous siliceous shale similar to the
Naparima Hill Formation but separated from it by a stratigraphic break and characterized
by a tvpical Glohotruncana tauna. The Guavaguavare Formation may have been formed
by a pulse of continued extension caustng the rift margin faults to rotate (bookshelf
mechanism). creating relie! which was then eroded. It is found locally and usually in
association with the Central and Southern Ranges.

The Paleocene is represented by the Soldado, Lizard Springs and Chaudtere
Formations. The Soldado Formation contains a glauconitic sandstone representing a
shelt sequence. The Lizard Springs Formation is a foraminifera rich green shale
characteristic of a hemipelagic sediment. [t possesses an arenaceous foramineteral
assemblage which increases in abundance northwards toward the Central Ranges.
interfingering with the Chaudiere Formation, a green shale which contains large biocks of
Cretaceous argillites, cherts, shales and marls. The Paleocene reflects a time of basin
Otting with shelf sediments of the Soldado Formation. slope and basin deposits of the
Lizard Springs, grading into basin tloor turbiditic fans of the Chaudiere Formation. Sea
level fluctuations occurred at this time. generally becoming lower compared to
Cretaccous time with thermal subsidence continuing. Erosion activity is dominated by
cravity slides and other mass movement processes. The end fo the Paleocene is marked
by a second order global sea fevel drop of approximaiely 100m

The Focene is represented by the arcnaceous Pointe a Pierre Formation in the
Central Ranges arca and predominantly by the Navet Formation which represents an open
sca pelagic facies approximately 100m thick. It is composed of rich calcareous
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foramineferal marls which allow the establishment of high resolution discrete biozones.
These marls are transitional to the underiving Lizard Springs Formation. The Pointe a
Pierre Formation Is transitional to the underlyving Chaudiere Formation and is composed
of sandstones. siltstones and mudstones. Many of the beds show good grading with flow
casts and other sedimentary tlow indicators. The sandstone grains range in size from
very coarse-grained 1o hne-grained. These rocks probably represent turbiditic flow
(material sourced from the Guyana Shield) into the basin floor. The Eocene ends with the
San Fernando Formation. found only i very localized outcrops in the Central and
Southern Ranges. It comprises the Plaisance Conglomerate at its base grading into a
series ot sandstones and calcarcous sandstones with vertebrate and invertebrate remains.
These grade into an orbitoid bearing Lithothamnia reet called the Vistabella Limestone
Member.

Rugler (1936) notes that “the entire aspect of the San Fernando Formation has no
resemblance 1o the chalky open sea deposits of the Upper Focene part of the Navet
Formation™. Ile concludes that the concurrence of the two facies suggests major orogenic
movement.  The San Fernando Formation was deposited by the activity of an  uplift
generated by a forebulee created by the crustal response to arrival of the Caribbean Plate
in the Venczuelan arca west of Trinidad. This forebuluee also coincided with a relative
drop in custatic sea level exposing and eroding Cretaceous to Lower Locene rocks.

The Early Oligocene s heralded by an approximately 100m eustatic sea level rise.
Thick open sea deposits of marls and clay of the hemipelagic Cipero Formation were laid
down. The marls at times are composed of pure (flohigerina species and the formation
allows for very accurate biozonation.

PHASE I -LATE QLIGOCENE - MIDDLE MIOCENE, COMPRESSIONAL PHASE

A southeast directed compressional system developed. caused by the arrival of the
Caribbean Plate in the viemity north of Trinidad. The Late Oligocenc 1s characterized by
lower sea levels (1530m) than the Early Olicocene. The Nariva Formartion represents the
onsct of the subdivision of the north-facing passive margin in the Trinidad area into
separate fault bounded basins,  Sediment 1nput direction switches polarity from south to
north. with foredeep creation caused by the advancing thrust front and syntectonic
depostion being the domunant basin characteristics. The Late Oligocene marks the onset
of fault controlled tectonic activity and heralds the first phase of deposition within the
newly torming Southern Basin. The forcdecp is caused by strong subsidence due to
continental shortening and structural loading. Compression continued into the Miocene
reaching its peak somewhere in the Langhian. The foredeep migrated southeastward with
the fault-controlled bottom physiography acting as a channet for turbidity currents that
deposited clongate bodies between the inner-slopes and the compressional faults erowing
outward. There was large scale reworking of sediments during this period. The late
Oligocene to Late Miocene period is marked by the syvntectonic arenaceous assemblages
of the Nariva Formation. the Retrench and Herrera members of the Cipero Formation and
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the Karamat Formation. The Central Ranges became emergent at the end of the Middle
Miocene. marking the subdivision of Trinidad into the Northern (Caroni) and Southern
Basins. This period is capped by the Lengua Formation, a green calcareous clay with a
clay-pebble bed at its basc.

PHASE NI LATE MIOCENE - EARLY PLIOCENE, TRANSTENSIONAL PHASE

The beginning of the Late Miocene is marked by a major [all in sea level. The
Caribbean Plate 1s now cast of Trinidad and the direct compression effect of the CARIB-
SOAM boundary now evolves mto a transtensional system along an ENE vector. The
Orinoco delta system is now active in the Trinidad area, with depositional rates jumping
two orders of magnitude (Fig. 3) relative to the first two phases. The Cruse delta is
deposited. marking the onset of the Orinoco delta progradation with extensional lectonics
being dominant.  Basin subsidence caused by sedimentary loading occurs with
sedimentation rates being faster than those of subsidence. Eustatic sea levels were
generally rising at this time following a 2 Ma cvele. At about 3 MYRBP a eustatic rise in
sea level took place (150m) representing a deepening of the Southern Basin, Deposition
of the Forest Formation was initiated. resting unconformably on the Cruse Formatien.
Deltaic progradation continued marking a period of rapid basin [ll. The Southern Basin
began evolving from marine conditions to continental conditions with the deposition of
the Morne L 'Enfer Formation. Continental conditions prevailed at around 2 MYBP with
the deposition of the Erin Formation.

PHASE [V UPPER PLIOCENE TO RECENT, TRANSPRESSIONAL PHASE

During the deposition of the Erin Formation (2 MYBP) the regional stresses appear
to switch from ENE directed transtenston to ESE directed transpression. The primary
signal of this latest phase of deformation is the transpressional faults showing features of
partitioned strain where pure strike siip located along discrete zones of high deformation
and thrust geometries paratleling the fault walls i1s recorded. The basin undergoes a
period ot possibly bascment involved contraction forming a large amplitude told/thrust
system creating the Ortotre-Sipana. Pilote and Crin synclines. There was a large amount
of uplift (about Zkm) with high rates of erosion. Reshear along the old thrust fabric set
up during Miocene times was common with these fault systems taking up significant
magnitudes of contraction. The Warm Springs Fault was created and possibly merged
with the Central Ranges [Fault Svstem. the Los Bajos Fault was reactivated. and the South
Coast Fault System became active. This transpressional phase continues to the present
and sets up the fields relationships (Fig. 7) seen today. It is responsible for the broad
svnelines generally bounded by more complex fold/thrust belts. The transpressional
faults may be obscured in identity where they merge into the old structural fabric.
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CONCLUSIONS

The Caribbean Plate was emplaced between the American Plates via a classic system
of an east directed deformation front with strike-slip transform margins o both NOAM
and SOAM. Trimdad 1s currently in the “inflection zone™ of the CARIB-SOAM-
ATLANTIC interaction and observes pure strike-slip seen in Venezucla to pure
compression scen 10 Barbados, The local structural fabric is quite varied reflecting that
the strain was not coaxial. The stratigraphy of the Central Ranges and Southern Basin
have been fushioned by custacy, forebulge uvplift, thrust-fold, transtension and finally
transpression with the basin fill sediments characterized by numerous localized facics
changes. The stratigraphy of the Southern Basin of Trinidad reveals a modified STRIKE
SLIP CYCLL of basin cvelution. The proftered four phase basin evolution contains the
classic pre-flysch (Cuche) to flysch (Gautier-Lengua) to molasse (Cruse-Erin) cycles.
Deformation was initially extensional. becoming compressional and then evolving into an
oblique slip syvstem. Ovwer the Trinidad area several basins were formed partly
simultaneously and partly diachronously. of which the Southern Basin is one.
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A CARLY CANMPANIAN

A Early Campanian recoustruction showing the east-northeastward migration of the Caritbean Plate from the Pacfic arsa,

subdicting crust of the Proto-Caribbean seaway, which by this time protably possessed no mud-ocean ndge system, Note that Late

Cretaceous orogeny was pronounced in southern Yucatan [accompanied by development of the Sepur foredeep) and wesiern

Colombia (accretion of the western Cordiflera 21 the Romeral Suture), but that casiern Yucatan, the Babamas Bank and nerthern

South America were relatively undisturbed at this tims, Yecter triangies (upper nght) show approximale trends and magnitudes of

relative motions of the various plates between this and the nest recanstruction. S — Jamaica. Nodm—North America So4m— Sauth
Amenca; Carib.--Caribbean.

Faraioe —F
NORTI AMERICA Escers Miocerw

mRIfe s

Marprabo’
foretheen

SOUTH AMEHICA
abod 400 <

B MILICL £ ECCENE

PAHALLON AT

3. Middle Eacene reconstruction showing a closed Cayman Trough Telal pest-Midele Eocene Caribbean translation is about 1100
km. Crogeny and forederp development oecurrzd in northern Caba (Cubar foredeep) and wesicrn Yenczuela (Maracaibe foredesp)
at this lime, macking the arnval of the Canthean Patzs berween the Americas from the Pacific. Volcanism began at the Leaser
Antlles Are at this tme. Veclor triangles (upper night) show approsimate trends and magnitudes of relative moetions of the various

plaies between this and the next reconsiruction, (P,Inde“ et al 1 988)

Figures 6{a-b)
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present. Progreasive emplacement of the Yenezuelan allochthorous nappes had reached eastern Venezusla as rovandsd by Mioceas
forederp development in the Maturin Basin. Nonheastward augration of the Muaracaibo Block probably began m Maddis Miccene
I

lime, by strike-siip along the Menda Andes and the Sama Mara Fault (SMFY This migranon was tnggersd by the beginiung of e

hern Ardos,

Panamanian collisson and /or by a northward sbult io the wrend of subduction of the Coces Plate (Fig. 30 beneath the no

and drove a wedge of nonbwestern South Amenca cut anto the Canbbean Plate, therehy ohsconing the ariginal transfoon basndary
between South America and the Caribbean Plate. In the north, nowe the sirike-sip assembly of Hispaniola by this tme and initiason
of sinke-slip at the Qricnte Fault between Cuba and Hispamola, Yector triangles {upper night) show approximate wends and

magnitudes of relavve mouons of the vanous plates hetwesn this and the next reconsiructon.
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Figures 6{c-d)
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5T0P 1

BRIGAND HILL - EASTERN CENTRAIL RANGE

PHYSIOGRAPHIC OVERVIEW OF THE ISLAND.

The Brigand Hill communications tower 1s tocated on one of several resistant hills which
trend northeast across the Central Range at an efevation of 226 m above sealevel, The Wlls
are composed of tmipure shelt-reetal imestonces which are also well exposed at Gaspanle,
Guaracara. Tabaqute, Tamana and Biche.

The tower offers a vantage point for several panoramic views of the geological setting of
custern Frinidad. Vhese views include from north to south (f19 8%

» Fkastern Northern Ranee

»  (aroni (Northern) Basin

« Central Range apd Mt Harris (266 m, {888 ') above sen fevel)

*  Nariva Swamp and Manzanilla Coast

+  Point Radix and the Atantic Geean

Froures 9 & 10 show a geological map and cross-sections through the Bricand Hill area,
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FIELD TRIP GUIDE: TECTONOSTRATIGRAPHIC EVOLUTION OF THE SOUTHERN BASIN, TRINIDAD, W.I.



Field Guides of the Geological Society of Trinidad and Tobago

GEOLOGICAL CROSS-SECTION THROUGH EASTERN CENTRAL RANGES
Rohr 1939

BRIGAND HiLL

JEIDOR ROAD

SE

A

L/'L/ N
i 1/”7, ’-/}\HH\

VAL TN
4 5

TTTT————CRETACEOUS - ————
L'EBRANCHE HILL

PLUM ROAD & GUAARY
S5E

20000 f I -

Y

e}
&
o
il
o




Field Guides of the Geological Society of Trinidad and Tobago
84

STOP 2

LOCALITY : JUNCTION OF CUNAPO SOUTHERN MAIN ROAD
AND PLUM ROAD, EASTERN CENTRAL RANGE.

FORMATION : POINTE-A-PIERRE FORMATION
AGE : EARLY EOCENE

Figure 111sacomposite of Lhe roadside exposure mapped tAlzar 1993) along the Cunape
Southern Main Road to the north of its intersection with Plum Road n the castern Central
Range. This stop views the southernmost portion of this section which corresponds to the
bottom six meters of figure 11,

The majority ef the exposed scction 1s composed of very fine grained quartzose sandstones
interbedded with thin mudstone laminae. The sandstone beds are not visibly graded but do
contain ripple cross-laminations and water escape structures. Algay (1993} notes that the
base of one sandstone bed is covered in an interconnecting array of unusuaily smait {lute
casts {4 mm wide by 7 mm long by 2 mm deep) indicating a northeasterly directed

palaeocurrent.

Figure 12 shows a seological map of the area.
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Stratigraphic Section: Pointe-a-Pierre Formation
(Algar, 1993)

Junction of Cunapo Southern Main Road and Plum Roead,
Eastern Central Ranges.

w,~" g Approximate Current Duecticn
3
B - Bioturbaticn

FC - Flute Casis

L - Load balls

~10m POOT eXDOSUIe - LAXE - Low angle cross bedding

- sequence very similar T« Ripple cross laminaticn in sandstene
3

~=—= - Rippiz cross laminzton draged by mad

et - Convelie lnminas

Mudstzne

Sitstone with mud laminae
Siltstore/very fine grained sandsione

Coarse grainad sandsione with med clustsy

Figure 11
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STOP 3
LOCALITY : CUNAPO SOUTHERN ROAD, EASTERN CENTRAL
RANGE.
FORMATION : CUCHE FORMATION
AGE : EARLY CRETACEOUS-BARREMIAN THROUGH

APTIAN

The Cuche Formation spans from Late Barremian to Early Albian and is composed of black
arey shales with layers of coarse sandstone and occasional lenses of marls, conglomerates

and limestone components. Bolli (1959) divided the Cuche Formation into two zones:

o Lenticuling oudchensis zone - the older of the two where benthic taxa strongly

dominate over rare planktic foraminifera. \

o Leupoldina protuberans zone - the younger zone which contains a rich and diversified
pianktic fauna probably representing a deepening of the basin due to continued normal

faultactivity.

Outcrops of the Cuche Formation occur in the core of the Central Range mainly on the

eastern section of the island. This stop examines a road cut section and river cut section of

the Cuche Formation and exposes a section through the Lenricudinag ouachensis zone.

Along Road - 1n outerop at least three lithotypes are recognized:

» Black. silty. micaceous with lignitic or carbonaceous laminae which appear to be
slightly metamorphosed or have undergone constderable diagenesis.

»  Moderately well sorted. very fine grained to coarse graiped sublith arenites 1o quarz
arenites. Contain mudstone rip-up clasts.

* Reddish-brown clay ironstone conglomerate with intercalations of erits: (cherry-cake

conglomerate),

River cut - Dominantly a black laminated shale sequence simular to that found in roadside

section.

Figure 13 shows a geological map of the area of exposure.
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STOP 3

KUGLER (1959) SURFACE GEOLOGY MAP
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Figure 13

FIELD TRIP GUIDE: TECTONOSTRATIGRAPHIC EVOLUTION OF THE SOUTHERN BASIN, TRINIDAD, W.1
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STOP 4
LOCALITY : PIPARO MUD YOLCANQO, PIPAR(O ROAD (NEAR
INTERSECTION OF PASCUAL ROAD)
FORMATION : NARIVA FORMATION
AGE : LATE OLIGOCENE-MIDBLE MIOCENE

The rehel of this area was created by the activity of the mud voleano. The vents are short.
lived and are relatively random in their surface expression. There 1s no definable tassik
with the mud ejecta supporting the growth of the local vegetation (contrasting with the
maodificaton of local vegetanon seen in many other mud-voleanoes within the Southern
Basin). The mud 1s very viscous with small vents and no distinct cones. Historically the
cruptions trigger fand uplift and then subsidence in a radius of about 60 m {rom the {ocus
of the eruption. This voleano ts rather anomalous 1n that compared to most other volcanoes
in the Southern Basin it does not contain entrained sand in the gjecta. Namerous exotics

are recorded from the mudftow eap.

Flgure 14 shows a geological map in the area of the volcano.
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Figure 14

FIELD TRIP GUIDE: TECTONOSTRATIGRAPHIC EVOLUTION OF THE SOUTHERY BASIN., TRINIDAD, W.IL
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STOP 5
LOCALITY : CORBEAUX HILL, PIPARO ROAD (NEAR PIPARO
MUD VOLCANQO) - CENTRAL RANGE.
FORMATION : NARIVA FORMATION
AGE : LATE OLIGOCENE TO FARLY MIOCENE.

Exposure of the upper part of the Nariva Formation. The lowermost part of this lormation
is composed of 4 monotonous series of red weathening clavs with occasional lenses of
sand. The upper part contains a mixture ol silt, coarse sand and lignites. Strabgraphic
vounging is towards the north,. This tocality has two outcrops, one along the roadway and
the other beside the house. Flgure 13 shows a stratigraphie section at this locality. The

beds dip steeply (80 -85 1n a NNE direction.

Along Road Frontsouth to north, five depositional units are present:

¢ Disturbed bedding, mudstone with nip-up clasts

+  Giraded to massive sandstones. usuafly coarse grained

»  (Classic turbidites, composed of rhythmie bedding, mediam grained sandstones with
plant and coal fragments

e Coal {disseminated but Javered)

*  Sandy shale

Unit €1} ts a2 mudstone mtensely deformed by fautting paralleling the contact with the
sandstone. The mudstone 1s browmsh grey and non-calearcous.
Unit (2) has a refatively planar base with foad structures and rip up clasis of mudstone
possibly from the underving unit (1), This umt develops castward at the outcrop beside
the house into a coarse erained 6 m deep quartz arenite channel with a scoured base.
Pt {37 Tines upward through a series of rhythmic fayers to a medium gratned sandstone.
Represents a classic turbidiie deposit.

Init{4) is compesed of black brtuminous coal beds, disseminated within the sandsione but
at times forming a complete homogenous coal Laver.

tnit (5) 15 a sandy-shale. rhythmically bedded.

Next to house - Beds (4 and (3) better exposed in this area. Note channel feature from
Uit {2} on south side of cuterop. Frgure 16 shows a geotogical map of the area.
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Stratigraphic Section : Nariva Formation

Corbeaux Hill, Piparo Road
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Figure 15
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STOP 6
LOCALITY : JACKSON HILL, IERE VILLAGE
FORMATION : NAVET FORMATION
AGE : MID-UPPER EOCENE

The Navet Fornmation 1s Mid-Late Eocene and 1s dominated by ltght grey and greenish grey
marls and marly clays rich tn Globiverinidue and radiolaria.  l.ocally there are

interlaminations of silty und sandy beds some of which are glauconitic and phosphatic.

Description (After Algar 1693)

A subvertical sequence of predommantly white chalky marls (fig 17) mterbedded with

green sandy mudstones. Stratigraphic youaging is to the south. The marts make up by far

the greatest proportion of the unit. Variation in the relative proportions of clay and

hmestone varies the particular shade of white from a brilhant carbonate neh white to a

creamy mud rich white. Bed transitions are hoth sudden and transitional. The clastic

matenal comprises:

*  Sub-younded to well rounded; medium sized. clear quartz grains often coated with
oreen or red iron oxides.

*  Emerald to dark green coloured very well rounded grains of glaucomte.

= Dark grey ta black well rounded grains of phosphate or silistones.

»  Well rounded purple grains of uncertain composition.

- Anguiar‘grains of white limestone presumably from the undertyving calcareous rich

marl.

Roughly 90% of beds maintained their thickness over the 5 metres of exposure. Lensoid
zones of conglomerates are present on the top surface of the ovterop along the bedding
planes. These zones are up to 15 cm thick but thins laterally. Kugler (1933) estimates the

Navet Formation 1s approximately 400 metres thick.

Fiaure {8 shows a geological map over the outcrop area.
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Stratigraphic Section: Navet Formation (Algar, 1993)

Jackson Hill Qutcrop.

G M ey
Pale green slightly fallaten
mud rich marl
B —
Sandy mudsione containing
qlauconite, quartz ang phoschats
clasts amgng athers
white calcareous marl
with clazts of glaucoenite,
quartz and phosphate
12 __] white calcareous marl
e T
16 —d E
20 -
Figure 17
24w -
26m __
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STOP 7

LLOCALITY : CENTRAL QUARRY (EAST & WEST), GASPARILLO
FORMATION : TAMANA FORMATION

AGLE : MIDDLE MIOCENE

The Tamana Formation recerves its name from Tamana Hill, a conspicuous prominence in
the north-central part of the Central Range. it consists of an alternating sequence of
fimestones and mudsiones. The imestones are reef-algal in nature, sometimes massive,
vellow to white in colour and vary from granufar to crystalline in texture.  The
mudstanessiltstones are bhuish arey in colour. The two quarries exposes essentially the
same secnon. Migures 19 to 21 summarize the hthologic and palecenvironmental

characlenstics of the section.

The beds all dip steeply (70 807 13 a S direction. NW / SE orientated normal faults are
present and jointing 18 well developed. The Tamana is fault contacted with the Brasso

Formation at these localities, possibly along a north dipping. NE striking reverse fault.

Fioures 22 & 23 show thin sections through beds 2 and 7 respectively. Figure 24 shows u

veological map over the outcrop arca.
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TAMANA FORMATION

Guaracara Limestone Member
stratigraphic section

CENTRAL QUARRY (EAST)

highly burrawed, light brown calour
MARKER BED #1. Apphisilgena rich well maurctecdit brno,
1
light grey. moderotely borrowed fossiliferous
8 ? e .-&—
i v light grey, sity lmestons
) 1 light grey, sity Umestarne, blohern present.
]
l
3=
4
291
Vg
] Hossive with bonding present ot intervols.
Ll & 4 Highly fossitiferous, large corals present
o tMontostren), oncolites, nodular beds Formed
2e | by encursting algae, Algal fragrents Light brown
®
2z A oo

ALGEA {unedf Frentiated]
lght grey, gypsum celoite veins,
lorge oyster shells.

CiRal,

FvavES

2 JZ‘ FRACTURES
18 4
R ad WRREW S
Y R
B LARGE, FURAMINIFESA
14 e
= BIHERN
Ught grey, moderstely burrowed, MACRIFUISILS
fossiferous
v WCLL ST
ﬁ IHCILITES
light brown, frocturss Gresent
& MGl PLATET
o]

MIRRAR FEODNG
Grey shale

| BRASSO FM
1 Gevzun, 1990

Figure 19
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TAMAMA FORMATION

Guaracara Limestone Member
strqtigraphic section
Magrker Bed #1

CENTRAL QUARRY (EAST)

T
| CLAY SamND i |
oL | GRAVEL '
SILT Flne | medium  coar-sr ;

2
GRADING [F AMPHLSTIGENA SI1ZE

| : a

a’ 4

{Geetan, 1990}

Figure 20
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SUMMARY OF THE PALAEOENVIRONMENT OF THE GUARACARA LIMESTONE SEQUENCE

} PALAEC- WATER
BED NO. | CLASSIFICATICN FAUNA 1 FLORA ENVIRONMENT DEFPTH
1 Packestone High diversity. l Algal fragments Open shelf 100 m
planktanic forams, Lthathampium spo.
flat, lenticular & Lithophyllum spp.
subspheraid
rotaliines ;
2 Wackestone High diversity, Algai fragments Opean shelf 1C0m
plankionic & Lithotharmnium spp.
benthonic forams. Lithophyllum spp.
molluscs
3 Ccral houndstone High diversity. Algal fragments Ecoiogic reef <10m
carals, molluscs, Lithethammum spp.
miliofids and small Lithophyllurm spp.
rotaliines
4 Wackestone High diversity, Halimeda 7 Cpen shelf 190G m
planktanic & Lithaphyllum spp.
benthonic farams,
gastrapods,
bivalves, fish !
toath {?) ( r
5 Algal-toram Low diversity Liithothamnium spp. Cpen platform § <20m
Packestone- lenticular and } Lihaphyilum spp. }
gramstone sub-spheraid : j
rotaliines ‘
8 Adgal-faram Low diversity Lithethamnium spp. Cgen olatform 1 G-20m
Packestone lenticular and Lithophyllum sgp. - shelf sands }
grainstone sub-spheraid - b
rotaltines J
¥ Algal boundstone Sarren Algal laminations Foreslope ¢ 20100 m
i Lithathamnium spp. ‘
Lithophyllum spp. J
Ganialithon spp. :
| ——
iGeetan, 1990

Figure 21
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Thin Section Description (Geetan, 1990)

wegutive Print ol Thin Section
Bed Na: 2

ALLOCHEMS:  Codiacean algae Halitmeda <p. probably present but dissolution removed skeleton leaving
“holes™ Lithothdamninn spp. present as fragments. Diverse foraminiferal assemblage
wcluding Crbuling. Brfiming sp., miliolids (0.4 mm), rotaliines (Amphisiigener sp.},
mollusk fragments present, phosphatic fragments (fish teeth?).

CEMENT & MATRIXN:  Calcrte cement. crvstals gain <ize centrifugally. Micriee mairts exhubited by
micntie e elopes dintragranular ) and surrounding allochems Gintergsanuelun,

POROSITY: Mouldic porosity, 5005

PERCENTAGE COMPOSITION:

Alme 20
Forams 157
Nhere 3%
Caluite liya
Muollusks 154
Others [9.84
CLASSIFICATION: Wackestone Figure 22

FRLLDTRIP xS TETONQSTRATI G RAPHIC IV DTN 8 THECSOGUTHERN BASIN, TRINIDAL, WL
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Thin Section Description {Geetan, 1990)

Negutive Print of Thin Section
Bed Noo 7

ALLOCHEMS:  Abundant filaments of coralline algac present consisting of Lithophyilum spp..
fithothamninm spp. and Confolithon spp. Filaments organically bound together

CENENT & MATRIX:  Alierire present as matrix withun Giaments, neomorphic spar present atony

boundaries of Niaments. Gram boundaries cross into abgal filaments. Spariic
i prosenl Within spaces bemween fHaments, inereases 16 st/e et igaliy,

POROSITY: NMouatde (1095 .

PLRCENTAGE COMPOSITION:

Atgiae TG
Mierite 157
Noeomaorphic Spante 5
Spuriie 10

CLASSIHTCATTTION: Alzal boundstone
Figure 23
GRS T T N ST RAT I G RATDH FN L DTN b TRE SGLTTHERN BANIN, TRINA AL
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STOP 8
LOCALITY : NORTH SECURITY ROAD, PETROTRIN'S POINTE-
A-PIERRE CAMP
FORMATION : SAN FERNANDO FORMATION, PLAISANCE
CONGLOMERATE
AGE : LATE EOCENE

Anouterop of the Late Eocene San Fernando Formation., Described by Kugler (1953 as a
series of sandstones, some caleareous with fish remains and local coarse grained gnits rich
in tubulostrium, orbitoids, echinoids and oysters. The Plaisance Conglomerate member
was described as occurning at the base of the formation and it contained dominaotty Mid o
Upper Cretaceous but also Maastrichtian and Late Eocene rocks set 1o a matrnix of coarse

gritty sand.
Deseription{ After Algur [993)

The section 1s approximately 10 m high and is made up of graded units 3 m to 5 m thick
with boulders up to 1.5 m Jong at the basc, grading up rapidly mnto well rounded to
rounded conglomerates and or coarse sandstones. The bedding planes are generally sharp
and relatively planar. The larger clasts showed grain support but no convincing preferred
alignment was apparcent. Dominant clast tvpes include a tan coloured stitstone. red
hemuatitic c’la_\_. orgame rich shales, fossiliferous limestones and pale grey mieriie
hmestones. The mainix is a coarse graned quartzose sandstone local layers rich in

bivalves,
At the top of the outerep is an uncontormity overlain by Nariva Formation sediments.

Conglomerates in a similar stratigraphic position and having similar lithologies have been

encountered in wells in the Caront Basin,

Fiaure 25 shows a geological map through the outcrop area.



103

Field Guides of the Geological Society of Trinidad and Tobago

STOP 8

]

P31

KUGLER (1959) SURFACE GEOLOGY MAP

b « f"‘«..f__‘* - - """"'(..1
TGS AT S

- 13d_NAN
:: A K>632 N>
L Dss2es

1 S :
Tﬁ AN N, RO

X #{wype locaiity

NPlaisance

AP
5% @eﬂTﬂ:’? |
PN,

J U A D P

4t

T

|
-

1
T

i |
et
v

b
H
1

N
l
k [} } :
¥
|
I
f.

i

Figure 25

"IELD TRIP GUIDE: TECTONOSTRATIGRAPHIC EVOLUTION OF THE SOUTHERIY BASIN, TRINIDAD, W.1.



Field Guides of the Geological Society of Trinidad and Tobago

106
STOP 9
LOCALITY : SPRINGVALE QUARRY, SOLOMON HOCHOY
HIGHWAY
FORMATION : MANZANILIA & SPRINGVALE FORMATIONS
AGL : LATE MIOCENE-PLIOCENE

The name Manzanitla Formation was derived from the geographicat location of its type
tocality, the Manzanidla Bay. A complete stratigraphic section would include three (3}
members: the basal San Jose silt member, the Glauconitic Sandstone member and the
Telemaque Sandstone member which fomns the upper part of the formation. This quarry
exposes the Telemaque sandstone member dipping 429 NW unconformably overlain by the
gentler dipping (109 NW) Springvale Formation expressed here as a calcarcous rich shell

bed.

The Manzanilla Formation at this tocality is expressed as thick sandstone units, well bedded
with interbedded rippled silt and thin sands. The sandstone 1s medium gramned, subangular
to sub-rounded with abundant nuca. Jointing 1s well developed. To the base, a thin (15

cmj lignite band 15 present.

Skolithos burrows are common. dominated by two ichnogenera viz Ophiomarpha and
Thalassinoides. Gypsum velntng along bedding planes 1s common within the burrowed
section. The Manzanta Formation forms the protific reservolrs of the North Soldado field

in the Guli of Parta area.

The Springvale Formation 1s a shale prone sequence consisting of three members. the
lowermost Gransaull clay. a glancomtic sandyv member called the Savaneta sand aund the
uppermost Chickband Clay member. His up to 150 m thick. The sandstone units form pant

of the prohific reservoirs in the North Soldado area.

Figure 26 show a geological map over the outcrop area.
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STOP 9

-

KUGLER (1959} SURFACE GEOLOGY MAP
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S5TOP 10

LPOCALITY NAPARIMA HILL, SAN FERNANDO

FORMATION : NAPARIMA HILL FORMATION

AGL : LATE CRETACEOUS {(TURONIAN-CAMPANIAN)

The Hitl is a Late Cretaceous mhier surrounded by Paleocene Lower Lizard Springs

Formation on s northeast and Oligo-Miocene Cipero Formation on its southern boundary.

The Naparima Hidf Formation 1s made up of a well-bedded indurated black (o [ight erey
mudstone {arohine) to siliccous 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 tauna can be

obtained from some of the more shaley beds.

Pafaco-environmental studies (Koutsoukos and Mernick 19853) mndicate that a progressive
deepening occurred from Late Cenomantan to Santonian with environments ranging from
deep nentic to upper bathval (water depths 200 to 330 m). fate Campaman to Middle
Maastrichtian benthome foramimferal indicate deposition under optimum marine condiuoens
in water depths ranging from upper bathyal to abyssal (350 m to 3000 m). Frequens
intermittent phases of restricted circalation and resultant poorty oxvgenatcd water

conditions occurred i the Conitacian to Santonian.

(feochemical analvses (Rodrignes 19851 indicate that the Napanma Hill Formaton is
characterized by refativelv high TOCUs (2.27% average) and amorphous Type [ Kerogens
suggesting good to excellent oil source potenual. Chromatographie charactenistics and
gross geochemieal properties of produced oils correlate best with rock extracts from the

Naparima Hill and (Gautier) Formations indicating a probable genetic association.

The fracturing 1s due to the low clay content and is a result of Middle Miocene deformation
which formed the Napanma Hill thrust and associated anticline. In strike view the beds are
disturbed by numerous anastomosing thrust favlts. 1o dip view large scale dip panels are
evident mdicating the structure was controtled by brittle fault bend folding. Figure 27

shows a geological map across the area of outerop.
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STOP 19

KUGLER (I1859) SURFACE GEOLOGY MAP
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