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. ABSTRACT

The results of geological mapping in the western part of the Northern

Range of Trinidad are shown on 1:25,000 mahs. " The stratigraphy of the

Caribbean group, low grade metamorphics more than 2500 m thick, has been

" rgvised. Type sections of ths Maraval, faracas and Chancellor formations

are established.‘ Correlation with neighbouring‘areaé is suggested.

The Maraval formation is the oldest in the area, probably Upper

.Jurassic; . it consists of more than 500 m marbles and limestonss. Thse
base is not ssen. The Maracas Formatlon, qlso probdbly Upper JUPBSSIC,..
"lies above the Néraual formation. It is approx1mataly 1500 m thlcP

. and consists of slates, quartzites and phyllites. Rare volcanic ashes

are found. Sedlmentary structures suggest palaeouurrent dlrectlons

from north to south and deposition as turbidites. . The Chancellor

formation lies above the Maracas formation and is probably Lower Cretaceous

in age. . It is approximately 500 m thick and consists of bedded limestcnes
and phyllites with rare quartzites. It has been divided into four
members. ~ Dn the Island of Monos it contains channels of conglomerates

‘in the Upper Limestones membsr.

The Laventllle formatJon, Lower Cretaceous, liss along the south
flank of the Northern Range and is less metanorphosed than its equlvalent
the Chancsllor formation. There are two facies - massive limestones

and a predominantly shale succession. fvaporites occur. Autobrec-

ciation occurs in the limestones and a zons of contemporaneous dislocation

lies along the eastern edge of the massive lrmestones. The Morvant beds

' donsist of shales, sandstones and exotic_blocks. They are probably the

‘extension of the Upper Cretaceous Galera-formation.

Recumbent anticlines overturnsd to the north form the main part of
o o . - .
the Northern Range. Three phases of folding can be recognised.

_- Thrusting occurs psrallel to the axes of the folds. ~ The El Pilar




fault and similar major E-U faults dévelqped later. These have been
described as wrenches but horizontal displacement is unclear, although
ﬁajor verﬁical movement is described. -The héin metamorphism is
beliesved to be tectonic, contemporary with the major fql@ing at the

end of the Lower Cretaceous. Further deformation occurred in Upper

Cretaceous time. Fauiting continued through the Tertiary.
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Introduction

The area described as the western pérf of the Northern Range includes
the northwestern peninsula, sometimes known as Diego Martin Peninsula,
-the offshore islands to the west in the Dragon's Mouths, the islands
‘lying south of the penihsula, énd the main part of the Range as far east
as the Maracas valley. It also includes the Laventille hills along
;tﬁe.stth flank of the Northern Range. This area has been chosen for
description because it turned out to be.the key area both stratigraphi{
'cally énd structurally. | Here the structurs is.relatiQely simplé - a
northward overturned anticline. This has allowed the preparation of
stratigraphic sections, and the setting up of type ssctions of the
Maravél, Maracas and Chancelior'forhations - the main part of the Caribbean
group. |
It is ironical that field mapping should have started in 19563 at ths

eastern énd of the Northern.Range to‘correlate the fossiliferous sedimants
of thé Tocqlarea (mapped by Barr 1963) with the adjoining metamorpnic
‘rocks. - This proved to be difficult because of structural complicationé,
and because exposurss of the metamorphic rocks are poorer in the east.
Although £he eastern part has been mapped and mill be transferred to
1:25,000 base maps as éoon as these'becﬁme available, it is considered
that the western part should be presented first. .

| The area is shounAon the published topographic maps mads by the
Directorate of Overseas Surveys for the Government of Trinidad and Tobago,
on shests 3, 11, 12, 13 and ‘the northern part'of sheet 23. Map

references are metric, but elevations and centours are in fest.
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Method of mork

Field'mépping was carried out during Univérsity vacations with the
help of a.N.E.R.C. ressarch grant. Unfortunately the vacation period
coincides with the wet season in Trinidad; however in the western part
of the Northern Range the rainfall is less.than in the east - approximately
1000 mm. per annum compared with 3000 to 4000 mm. . |

The arsa is unidue in the Northern Range in having a number of good
' roads and‘footpaths providing fairly easy accass. The_road cuttings
',ére most impopténé bécéuse as everywheré in these mouﬁtéins tha.thick
cover of vegetation éffectively covers any-poséible'exposﬁres, and on tha
steap slopes hill creep is so marked tbat only majdr e#posures.can be
accepted as revealing bedrock structure. Therefore mapping essentially
 re1ies on rivers, road cuts, coastal exposures, and man-made exposures
such as quarries and building sites. Along the north coast and around
the islands boats were used to reach otherwise inaccessible exposures.

But some large cliffs could not be reached because of the lack of
;andings and the heavy swell on ths lee shore. AAn unfortunate conse-
quence of the tropical blimate is tlg& road cuttings and quarries deterior-
ate rapidly once exposed. This is particularly trué of shaleé and
"phylliteé{ Sedimentary and structural features seen in the freéh
exposﬁ;e may be invisible a year later.

4

At the beginning of thg survey no detailed maps were available,

- and streams, paths stc. had to be paced and sketched. However, during
the work D.D.S. prepared 1:10,000 preliminary plots and both they and
the Tginidad Couernment kindly provided dye-line brints of these, which
have been used as field slips with geological data transfsrred to thém.

In making the geological maps photogeclogical overlays were prepared

using aerial photographs flown in 1957 at an approximate scale of 1:28;000.




|

Physical Features -

Physically the area can be divided into a number of geographical

" units. In the south there is the alluviél plain of the Caroni basin,

near sea level, with remaants of a Quaternary terrace rising 50 feet (15

'm) above it along the boundary with the hills. North of the plain but

south of the mountains broper there is a line of low hills which reach

their broadest extent of 2 kms and their maximum height of just over

500 feet (150 m) in the Laventille Hills sast of Port of SPain. This

line of hills follows the outcrop of the Laventil}afofmaﬁion - the

western extension is represented by the islands of Gaspar Grande,

Gasparillo, Cronstadt, Carrera, the Five Islands and by the peninsula of
Pointe Gourde. -. The northern limit of this line of hills is a fault
bqundary and forms a clear topographic feature.

-.The range of mountains itself cam be divided into three zones.
There are northern and southern zones of angular peaks with very steep
northern slopeé and somswhat gentler southsrn slopes. Thess two chains

of peaks follow the southern upright outcrop of the Maracas formation and

. the northern overturned outcrop of the same formation. The southern

ﬁeaks include Morne D'Or, St Ann's Peak and Cumberland Hill; the northern

peaks  include El Tucuche and La Vigie. In between these two chains are
lower rounded hills along the outcfop of the limestones of the Maraval
forﬁation. Soms of this outcrop shows Karst topography as in the Diego
Martin-Paramin area (Plate 1). It is also noticeable that along the
Maraval formation outcrop there are broad triputary valleys with alluvial

floors, and a number of dry valleys.

'The major rivers are consequent and flow southward down the general

-dip slopes. .The main watershed lies in the northern chain of peaks.

Only short streams flow down the precipitous northern slope of the

mountsins, with many waterfalls over the vertical cliffs of Maracas




‘quartzites. The. southward flowing rivers (Maracas, San Juan-Santa Cpuz,
St Ann's, Maraval, Diego Martin, Tucker Ualley)-lie in desp valleys with
gfavel flodrs., In general thay are 'V! shaped except where gravel
floors fill the bottom of the 'V!Y. The valleys includé both narrow
~gorges where the streams cut through resistant quartziteé.in the Maracas
formation and broad pléins whare the rivers flow :“through the outcrop of
the Naraval limestonesj This outcrop coincides Qith marked changes in
trend of the different valleys, and also with the development of major
: iriSutarieé as mentioned above. | |

There is a suggestion of decreasing elevations of valley flaor
alluuium;from east to west. At Maracas villagé 300 ft. (90 m), at Cantaro
250 ft (75 m), Maraval 200 ft (60 m),ADiago Martin 100 ft (30 m), Tucker
Valley 75 ft (22 m) and then fu;ther west the valleys through the range
are drowned and appear as the various straits of thé Dragon's Mouths,
generally known as 'bocas' using the Spanish term. Guppy (1877)
noted this and remarked on the fact that the valleys are broad in the west
and become progressively narrowsr towards the east. He alsd pointed out
that conglomeraﬁe fans are not found west of Port of Spain, and that these
fans become higher eastmards;_ In fact there is a o buried conglomer-
ate fan at the ﬁoﬁth of the Diégo Ngrtin valley, but_this does not disprové
Guppy's argument. He did not try to date the tilting to the west that
Pformed the Dragon's Mouths, but the evidence of valley shapes, alluvium
elevatibns and fan development suggest that the tilting may have continued
through the Quaternary period.

An intefeating feature invthé Northérn Range ié the way thé ridags topé
isaem to reach aAgeneral level. It is often the case that one climbs
oﬁt of_ﬁhe valley fo maik along a gently undulating ridge at 1000 ft or
2000 ft‘elevations. . In the wilder central and eastern parts of the -
‘rénge most of the hunting trails are on the ridges. = It is suggested

that the ridges represent old erosicn surfaces. A compreshensive study
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of the whole raﬁga may be‘worthwhile when maps are aﬁailabla, meanwhile
Fig. 1 is.an attempt to show ridge heights in the area presently describéd.
The 1ength'of the bar in each casse repfesents the variation in elesvation
of the ridge. Thers does seem to be a decreass in elevation to the
west suggesting tilting in that direction. Howsever tﬁefe is another
trend'not ciearly.shown,by the diagram. gach ridge itself appears to
bé highgr at the north end than at the south, and where there are
separate northern and southern chains (marked on Fig. 1) the northern
:chain has ﬁigher ridges than the southern.  This méy'sﬁggest tilting
.to the. south. | |

The quastion of north-south tilting may also concern the differences
between the northern and the southern coastlines. . The southern coast-
lins haé a coastal plain along most of its length, small deltas at the
mouths of the Maraval and Diego Martin Rivers, and'deep bays at

Chaquaramas and Carenage.

The north coast is very different.  For much of its length it is
"an almost unbrokem wall of cliffs, with rock debris at the base. Bays
are small and raré in the western part of the arsa. East of Saut D*Eau

Island howéver there are a number of large bays which ssem to occur where
. the sea has bfokem thfough the outer line of qpartzites-and excavated
fhe slates and phyilites lying behind. . Howsver oniy.maracas Bay haé a
true beach and an alluvial floor. ~There may be some evidence to suggest
' upiift along ths north coast. AAt Biscayné Bay. (Monos) and Macqueripe
Bay the alluvium lies at approx1mately 30 ft (9 m) and 50 ft (16 m) res-
pectlvely. However these terraces cannot be con31dered as true raised
beaches, but rather as upstreém alluvial plalns of the consequent streams.
Therefore uplift is not absolutely clear.

The linear qutline of the narth coast certainly suggests faulting,
- and upiift along a serises of faults may be suspected. However on;y‘one

‘féult,-that gouth of Saut D'Eau Island, can be proved. Largér faults
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may lie offahore to the north.  However when considering whether the

" modern topography provides svidence for southward tilt of the Northern

Range or uplift of the northern edge, the explanation may li in the
combination of dominant south flowing conseguent streams cutting back

to the north; and the rapid southward erosion of a scarp coast exposed

to the prevailing Trade Winds.

There is one river valley phenomenon that may be dealt with briefly

: in this sectlon. In streams flowlng off limestone outcrops in the

Northern Rangs, calcareous tufa is commonly dep091tad. It may occur
as sheets overhanglng rock exposures, but the most lnterestlng mode of

occurrence is as 'dejtas' in the stream bottom. The_'deltas' are usually

flat topped with a steep fore slope which dips up to 50°. The layers

of tufa dip parallel to the fore slope near the front of the 'delta',

but dips seem to be flatter on the upstream part of the structure. Ths

calcaresous tufa is extremely pofous and fibrous; characteristically it

. is layered with bands of cellular open material with vertical pillars

perhaps 1 cm high alternating with somewhaﬁ denser horizontal mats. In

the tufa are boulders of bedrock carried down by the stream. In ths

area described there are only relatively small examples, one 1.5 m high

ohown in Plate 12 and two more, one 5 m high and the other 20 m high

and 30 m wide. The largest fdelta! is diagramatically illustrated in
Fig. 2. : -There ars even lafger and higher examples elsewhere in
the Northern Rgnge.

Typlcally these features occur up to 1 km south of the Maraval lime-
stone outcrop. There is a suggestlon that thsy may be located on
existing small waterfalls, where agitation may have reducad carbon dioxide
content of the stream water, leading to deposition of calcareaus tufa.

One wonders whether carbonate structures like these are often preserved - .

they ought to be reoognlsable, and if buried by later sadlment, might

But it may be

provide local aquifers or reservoirs for hydrocarbons.
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that most of them are destroyed during the fimal stages of the erosion

cycls.

Vegetation

Much qf the mountains is covered by Kower Montane Forest and only
- the upper slopes of El Tucuche.are classed by the Trinidad Forestry
Debartment‘as true Montanher Forest. The southern slopés,are classed as
péciduous Ssasonal Forest which extends in a dryer typq westwards through
 the pehinsula to the islands. Along the north coast are small areas of -
'Semi-EVergrean Seasonal Forsst, and along the éouth coasf some Liftoral
Woodland and palm swamp, with small mangrove swamps at the mouths of the
Néraual and Diego Martin rivers. Although there has bsen some
clearancs around settled areés,-the watershed forests have been preserved
- for water reserves.  The forest cover of the whole of the western part
‘of ﬁhe peniﬂsula was protectsd by tﬁe presence of a U.S. naval bass fram
- 1943. 4In the valleys the dominant vegetation is citrous fruit -
chisfly grapfruif. Cocoa is grown on many of the mountain slopes that
are Hot_forest reserve. Between Maraval and Diego Martin vegstables
ars grown on the oufcrop of the Maraval limestones and this can be sesn

on Plate 1.

Settlement

Ma jor settlement is confinsd to the east;west strip along thé
southern edge of the hills from St Joseph through San Juan and Laventille .
to Port of Spain and westwards to Carenage. ‘ fhe flaf valley floors are
also settled. Thére is only one small fishing village on the north

'coasﬁ at Maracas Bay. The islands are only settled with-holiday villas
ekcept for Dhacéchacafa, a leprosariLm and Carrera a prison; | Outside

" of the industrial area of Port of Spain thers is a floating dry dock at

Chagquaramas, bauxite transhipping stations at Carenage and Pointe Gourde




and a cﬁemical stors on Cronstadt Island.

Historical Backqrcund

The place names of the area include words of different ethnic origins:
Amerindian, Chacachacare and [Macqeripe; Spanish, Santa biuz and San Juan;
French, Laventille and Saut D'Eau; British, For£ George and'Cumberland
Hili. ) Only Hindu names are missing, and this may be due to the
. thorough settlement of the area before ths arrival'of the Indian labourers
: ;n fhe middle of the nineteenth century. It is unfﬁrthﬁate that the new
_topographic maps have ignored local pract;ces.' Places that are known and
sign-ﬁosted as La Seiva and Petty Valley have beén returned to the correct
spelling of La Ceiba and Patite Vallee.
| P;ehistoric settlemant is qttested by the presence of middens with
ceramics and by finds of artefacts along the soutbefn boundary of the area
and oﬁ the north’ coast. The first Spanish landings were in western Port
of Spain, and after several battles with the Indians the first Spanish
fort was built there.

Later the capital was moved to St Jossph and a typical Spanish town
g plan 1316 out on the high terrace. It was to St QOSeph that Réleigh
marphed, capturéd‘the Sbaniéh gqvernqr de Berrio and ﬁopk him off? as an
unwilling guids iﬁ the ill-fated search for E1 Dorado.

.. The British invasion of 1795 took place hers too. The German
infantry landed very close to where the Spaniards had fifst come ashors
in western Port of Spain. Further west the Spanish admiral destroyed
his fleet in thaguaramas Bay. S&me yeérs afterwafds~the island of
Chacachacare became the base for fhe various unsuccessful revolutionary
invasions of the Venszuelan -Main.

Many years later Chaqharamas and thq peninsula played‘an important
, p;rt in World War II as the key U.S. naval bass in the central Atlantic,

and-fhe ostensible price for fifty U.S. destroyers handed over to Britain.

i1
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Now the naval base has been turned back to Tripidad, and there are high

hopes'of‘tourist benefits. . But it was in the old base, at Teteron
Bay, that a darker episode occurred when part‘of fhe Trinidad Regiment
mutinied in 1970.

‘A writer who bbserved ths rocks and minerals of the Northern Range
as well as life in Trinidad generally, was Dauxion Lavaysse (1813) in

'Woyage aux iles de Trinidad!. There is a copy of this work in the

" British Museum Library, as well as a copy of an English translation which

does not appear to giﬁe full weight to this French Republican's account
of General Picton's deplorable governorship. A fuller version of the

sad story of his tyranny has been provided recently, by V.S. Naipaul in

. '"The Loss of El Dorado'.

Now the Northern Range has attained a different notoriety, even in

the British press. It was the refuge for groups of thlack power!

guerrillas opposed to the present Trinidad covernment, who recently made
periodic raids on nearby police stations and banks. Thesae groups have
nouw been harrasséd into dispersal. The dsfence fﬁrces must havé been
grateful that the guerrillas chose as their base area- the high relatively
simplse ridoes of the Aripo and'Cauro forests rather than the heavily

forested headwaters of the Matura and DropUche rivers.




Stratigraphy

With the exception of the alluvium and the presumed Quaternary
VAdeposits all thé rocks fall into what has been described as the Caribbsan
Group. The sccount of that group providss an opportunity to revieu
Aeéflier work on the geology of the Northe;n Range. Wherse tﬁe present
"study has allowed the preparation-and description ;f type sections |
(maravai, Maracas and Chancellor formations) the description of those
type sec#ibns will be given separately, followed by an -account of the
dévelopment of the formation throughout the area. | |

TheAdivision of the Caribbean group as here‘presenéed is shown in
" Fig. 3. | Bscause the bottom of the Maraval formation is not seen and
because the upper part of the Morvant beds cannot be measured, it is
probable that the thickness of fhe Caribbean Group reaches at least 3000 m.
- The lacations of theidifferent stratigraphic sections mentioned in the

text are shown on the map (Fig. 4). The writer is not convinced, hcwever,

of the importance of type sections other thamn in neuly mepped inaccessible aress.

The Caribbean Group

This group was first named and described by Wall & Sawkins::(1860).
- They say "the most prevalent beds of this ssries consist of mica slates" -

and they describe graphitic mica slates. A varisty of séndstones and
quartzites are noted. Ths different iimestones are described - "Calcareous
-rocks are'representéd by two varietie; in this series, viz., crystalline
limestones contained in the slates and alternating with them; and compsct
»limeétones, éifher guite unconnecfed uitﬁ theischisﬁose group, or only
associated with its upper strata." This division fits with the distinc-
tion between the Maraval and Chancellor formations on the one hand, and

. the Laventille formation on the other, as described belou. A separate

'A'Oider Pariant' group of probable Lowsr Cretaceocus age was established in

the Central Range.
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After discussing the difficulty'of gstablishing an order of succes-

sion, they suggested a sequence as follows:

4. Quartzitic, sandstones with micacsous slates and shales, with

the 'compact limestones' as the highest member

3. Thin bedded limestones and micaceous dates

27 . Sandstones, green mica slates and massive crystallised limestons
. _ > .

1. Slates, graphitic slates and gmartzites

This seduence is.that one would describe from north to‘south neglacting
ény tectonic complication\i.e} 1. would be Maracas formation, 2. Maraval
formation, 3. ﬁaracas and Chancellor formations, 4. Chancellor, Laventille
formations plus horvant beds. Wall & Sawkins found it difficult to
estiméte thickness and suggested 1,000 to 12,000 feet - a very shrewd
sstimate. They were unable to indicate an age for the Caribbean Group
‘in the absence of fossil evidence, but suggested that the presence. of
gréphitic schists pointed to "the‘formation of this group subsequent to
thé intrqduction of organised existences". | |

Guppy (1869, 1877) describes fossils from the Laven#il;e forﬁation
ané also from a limestone in slates at a locality fhe presenf writer would
consider to lie in the Chancellof formation.  Guppy conéidered the
Caribbean group possibly to be Paléeozoic; he thought the Laventille
limestonse to bévyoynger than the rest of the series, possibly Upper
_ Palaeozoic. |
Cuhningham-traig'(1907) emphasiséd the importance of intensive
. folding in the Northern Range and suggested a remarkable decrease in ths
gstimate of thickness of the Caribhean group to 1000-2000 feet. He con-.
sidered the:limestones fn be the lowsst part of the series, but thought

all the limestones were the same age, and suggested a fan structure with




the axis lying along fhe‘sduthern b oundary of the ﬁorthern Range. He
conéideredhthe'oldest rocks to beAlimestones associated with graphitic

~ schists which were ovarlaid by coarse siliceous grits. His comments

on the age of the series are most interesting - he points . to the similarity
between the Caribbean group and the '01dsr Parian' group of Wall & Sawkins,
_aﬁd suggests that the former méy be the metamorphosed equivalent of the
latter.- On the question of the fossil conﬁent he examined a cephalopod

tﬁat Guppy had described as a goniatite, and‘pointed'out.thét it was an

16

" ammonite of a typs not earlier than Jurassic. Unfortunately this fossil,

‘along with others, was destroyed in a fire during ghe riots of 1921.
Dalton (1912) describing the geology of Venezuela, says of the
Caribbean series in Trinidad "the relation of the Cretaceous of Venezuela
to them shows that they are ét least early Mesozoic, and may be Palasozoic,
or-even Archaean, while it is very possible that parts of the Andes are
older than fhe stfata exposed in the Caribbean hills.ﬁ |
Trechmann (1925) described Mesozoic fossils from the Laventille

limsstone. He.disagreed Qith Cunﬁingham-Craig both as to the similarity
" betwsen the Caribbean group and the Older Parian group andAas to the
position of the Laventille limestons, which he could not accept as the
oidest paft of the group. |

| Parkinson (1925) descfibed the petrography of schists and phyllites
froﬁ the Port of Spain area and from.the path.to Cerro Tﬁcuche.A He did
ﬁof draw any broad conciusions from his study; but compared the rocks
with othefs he had examined from the Cumana area of northern Venezuela.

‘Waring (1926) disagreed with Cunningham-Craig's view that the lime-

efones were all the same age and oldest rocké in the Caribbsan group.

He accepted the sequence put forward by Wall & Sawkins but divided it

into an upper'serieé and a lowsr sefies. fhe lower seriss was déscribed
from the northeastern part of the Rangé, and the ubper series from the

central part of the mountains. - He emphasises the difference bstween
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-the Laventille lim;stanes and the crysta;iine 1imesfonés of the main Range,
as did wéll & Sawkina{ and quotes Professor G.D. Harris as inclining to
belisve that ths Fﬁssils collected from the Laventille limestone suggestéd
an early Mesozoic age

Lidd;e (1928, 1946) accepted a Cretaceous or early.Mesozoic age for
the upper part.of the Caribbsean groﬁp but thought‘that these rocks had
been folded and faulted into older Palasozoic schists, overlying a granite
- core. He suggested a thickness of 2,500 to 3,000 feet.

" Trechmann (1935) recognised a fault between the Laventille limestons
'ét‘Poiht Gourde and the schists to the north. He found Nerinaeas in the
Laventille limestons near Laventille. Finally he concluded that the
metamorphic rocks of the Northern Rangse comprised one series equivalent
" in age to the Toco beds and the LaVentille limestone i.e. Mesozoic to
Upper'Cretaceous. |

Hutchisan- (1938, i939) found ammonites in .a limestone lens at the
damsite on the anre River, and these werse identified as Tithonian by
- Spath (1939). No other ammonites have been found in the main paft of
the Rangs, but Barr (1951) found an ammonite fauna at Tompire Bay in' the
_ TﬁcoAareé,Aand this was identified as Barremian by Imlay (1954). Later

referenceé will be brought up in the detailed discussion of individual

formations.

The Maraval Formation

After néming énd defining the Caribbean Group, Wall'&-Sawkins (1860)

' say: "Calcareous‘rocks are represented by tuwo varieties in this series,

viz., crystalline limestcnes contained in the slates and'alternating with

them; and compact limestones, either quite unconnected with the schistose i
group, or only associated with’ 1ts upper strata. . The former occur some-

‘times in massive ‘beds, varying from white to blue in colour, often with




Vﬁcaftered spéngleé of siivéry white mica, and distinguished by decided
crYstallinQ structure." it is ths massive beds of crystalline limestcns
which form what is now the Maraval Formation.

Suter (1951) first used the term 'Maraval'! in his description of the
~Caribbean seriss along the North Coast Road. He éays: "The Maracas beds
are then.overlain by the Narauél beds, which begiﬁ with sihilar phyllites
and contain severalilayers of epi~zone marbles and recrystallised lime-

stonss (Cameron, Maraval, Aripo); which assume locally considerable

thicknesses. The series contindes right to the southlfoot of the
'range. " vreeeothe upper boundary is transitional, to the Laventills
limestone complex." In this description Suter appears to include in

_ the Néraval beds what wiil be described here as the southern outcrop of
‘the Mafacas-formation and the Chancellor formation,_as well as the
Néraval formation as here defined.
In the International Stratigraphic Lexicon, Trinidad, Kugler (1956)
raised thése baeds to the status of a formation. The type saction was
given as the "Road leading from Port-of-Spain to Maracas Bay on the North
'Coast." It was stated that "The Maraval beds are overlain by the
Laventilie formation and pass downwards into the phyllites of the Maracas
Beds." | Thus the same stratigraphic extent is implied as in Suter's
original description. Kugler (1953) and (1956) restricted the term
Naravai beds to the type area north of Pdrt-of—Spain until future mapping
.shﬁuld show the relationship with the Aripo-Cuare section of the Northern
Range. |
In the second edition of Suter (1%6), Higgins in é revicionary appendix 1
referred to additional work in the Tdco district, Barr (1963) ancd con-
sidered that the Rio Seco formation, defined by Barr in the Toco area,
aﬁﬁéérs to overlie the more massive iimestoﬁes and marbles of the Maraval
forhation; Thus Higgins seems to have rastricted the stratigraphic

thickness of the Maraval formation in more or less the same way as the




present work.

However after working in the Toco area, Barr (1962) extrapolated that

strafigréphic succession from the sast end of the Northern Rangs to the
Arima-Blanchisseusse road in the middle of the Range,'by correlating the
~marbles of Verdant Vale with the Rio Seco formation. The same practice
was fqllowed and extended westward by Kugler (1961) in the "Geological
mép of Trinidad". The Maraval limestones of the west end of the range
are there shoun as part of the Rio Seco formation.

In the eastern part of the Northern Range, Potter (1068) felt unable
-to correlate the:Rlo Sgco formation with the Maraval limestones. He
described the differences betwsen the massive rscrystallised limestones
and the calcphyllites of the Rio Seco éection itself, and suggested both
a stratigraphic succession, with the crystalline iimestones being the
older, and also a facies change from calcphyllites to limestones in the
younger part.

In the western part of the Northern Range it is now considered that
.fiald mapping on a scale of l:lD,DOUlhas allowed the Maraval formation to
be sufficiently well defined for the type section to be described. The
stratigraphic position of the formation has, however, been changed. The
recognition of a largs recumbent anticline overturned to the north,
forming the essential structure of the western part of the Northern Rengs,
has meant that the describea outcrop of the Maraval formation is, in fact,
. two limbs - a northern overturnsd limb and a southern upright limb. This
has reduced maasUrqd thicknesses; it has also méan# that the Maraval
formation is the oldestnformation in the wgstérn part of the Nofthern
Rangse. It underlies the Naracés formation. The base of»tha fMaraval

formation is not seen in the western part of the Northsrn Range.

The thickness of the Maraval formation as measured appears to be 500 m.

- This can be bompared with former estimatsd tﬁicknesses of approximately

7000 feet (2100 m)e 0f course the étructural interpretation would
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‘changs those estimates to approximatqu 1000 m, but that is still twice
the writer's estimate. It seems that the difference is due to detailed
‘dip measuremsnts, thé~Use of the new contoured maps and allowance for
minor structures. This last factor involves personal interpretation.
In order to show what this means, structurdl cross sections are included
(Fig. 5). Inherent in the sections is the assumption that the local
folding is true minor folding and not near surface collapse features such
- as will be mentloned on the North Coast Road. - The presence of a neigh#
bouring parallel road helps to establlsh thls. It 13.readi19 admitted
that structyral interpretations may change; 1n,facf‘this has happened in
¢ part of the section described below and én interpratatioh of the structure
in‘an unekposed part of thé Saut D'Eau Road, 624847, which had besen extra-
polated from observations in the western part of house sitas in Haleland
Park; 629847, has now been changed because those structures are now con-
sidered to be local shallow features. The result has been to increase
the estimated thickness of the section from 430 m to 500 m. It is not
expected that ény other similar situations may arise.
As mentioned above the original type ssction for the Maraval formation
. Bas suggqsted as the North Coast Road fo Maragas Bay. Thers are a numbsr
| of good exposures oﬁ this road, and the visitor can see them by driving
northuards from The Saddle  (643649) at the beginning of the road to the
‘corner south of Milepost l%'(647867). In this 1% mile drive he will
have crdssed the outcrop of the Maraval formation.

Much better exposures canzbe seen on the Saut D'tau Road and the
'Beaupres road to “.:. Paramin (an important v1llage centra at 620857, whlch
is uhfortunately not shown on the new topographic maps). Thess sxposures
are so much better than those on the North Coast Road that it was decided
to describs a type section along thé Saut D*Egu Road, -with that along the -
Beaupres Road shown for cémparison. Although these are not main roads,

they are quite easily accessible by car from the Morne Coco Road near
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‘Maraval és shown on the enclosed location map (Fig. 6). This is the
southern, upright limb of the anticline.

Other large exposurss of the Maraval formation may be seen in
quarries near Diego Martin such as La Fontaine Quarry, 588846, Blanc's
-Quarry, 590845, and an old quarry at 593845 and at 594846.. There are
also quaffies withvgood‘exposufes in the Santa Cruz Vélléy such as -
Sokinoska Quarry, 657866, La Pastora Quarries, 676858, Bagan's Quarry,
666856, San Antonio'Quarry, 681861, and qUar;ies along the Cutucupano
x Road, 6685; and on the Saddle Road at 667848, In the eastern part of.
‘the areathere Qfe good exposures in the old qﬁarry abové Naracas'village
at 718848 and in the old quarry north of éan Juan at 677816.

o In the type ssction (Fig. 7) the lowest-part'of the formation occurs
neér Paramin village at 651856,'exposure no. 6201, . This is a massive
fecrystallised limestons, or marble. No internal structures were seen,
and it loocks very like a recrystallised reef. By using the nearsst
bedded exposures, the thickness appears to be approximately 50 m. The
idea of a reef is reinforced by the fact thét thé exposure is in the side
of a rounded knoll which does not extend to the Beaupres Rpad 200 m to
thse west. This reef is not founa on the Besaupres Road, and ths equi-
valent hofizon is represented by bedded limestones as described below.

Aboue this, the exposures in both the Saut D'Eau Road and the Beaupres
Road consist of beddsd recrystallised liﬁestones or marbles as far as the
juﬁction between the two roads. The sﬁratigraphic thickness is estimated
to be 230 m. . fndividual beds ranges from 1 cm to 10 cms generally, with
thicker beds often‘U.S m thick and one bed of 3 m thicﬁness on the Beaupres
Road at no; 6215. Iﬁrthe lowest 50 m on Saut D'Eau Road are numerous
treef! patches of formless massiye recrystallised limestoné about 1 m in

" diameter and 0.5 m thick.

Calcphyllites are subsidiary in tHis part of the section, except in







exposure:no. 6209 on the éeaupreg Road. However it may be assumed that
all the gaps are probably argillaceous. In addition a proportion of |
the long gab.on the Séut D'Eau Road, south of the road junction with
Beaupres Road, must be calcphyllite by comparison with the lithology of

the same rocks exposed in house sites and housing roads in the western

part of Haleland Park. = Altogether argillaceous rocks appear to represent
less than one quarter of the Maraval formation. This may be an under-
estimation, Certainly some quarries that appear to be in solid massive

:to Bedded iimestones find that the crushed rock contéihsia relatively
_higﬁ proportion of fine material which must be'washed>oqt rigourously
before using the stone for roadmaking. In thih section the presence of
Qidespread sericitic surfaces is clear, sven in the most massive-looking
rock, as well as along bedding pianees in the bedded limsstonss.

- Despite this emphasis on the presence of seridite, all thin sections
revsal relétively pure harbles, (but this may be dus to tﬁe selection of
'good! samples). Textures are commonly granﬁblastic—elongate, more or
lsess parallel'to what appears to have been the original bedding planes.
There are some sampleé with granoblastic-polygonal texture. Grain sizses
seem to range from 20 u for short axes up to 100 g for long axeé. Layers
and clusters of largér crystals of sparite and quartz oécur. The
éssociation of quartz anﬁ sparife ié noticeable and suégests that the
quartz has been introduced into the rock during metamorphism. In two
.samplés, 6193 and 6215, which may be correlatabis between the two roads,
recrystallisation seems incomplete. There are what appear to have
besn originai fossil.fragments or-oolithé, diéqerniﬁle.through the generai
texture.

0n the whole the section seems to represent guiet waﬁer shelf sedi-
mentation indicated by the purer marbles at the bottom of the section-and
the cdncenfration of reef patches there, chanqging gradually by the'intro-

' duction of increasing amounts of argillaceous material tcwards the upper
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:part of the section. . - It -may be thought that this suggests a transition

from the limestones of the Maraval formation to the flysch of the Maracas

~ formation. This only appears to be true-in a broad sense. The contact

with the overlying Maracas formation appears to be generally sharp,

élthough there are thin limestone beds near the base of the Maracas

formation in some places.
Some'of the limestonass that occur in the Maracas formation may,

howsver, be exotic blocks of Maraval limestone which have slid into the

- Maracas flysch. Particularly this may be'frue of tHe outcrop on the

 .ridge at 698870.. This is an outcrop of massivs limestone, nearly one.

half kilometre long, resting with apparent confofmity on non-calcareous
phyllites of the Maracas formation. It Eould be sither a klippen
carried on the thrusts mapped fqrthér south, or an exotic block as
mentioned above. Similar occurrsnces have bsen mépped elsewhere in
the Nerthern Range. It has therefore been mapped as Maraval formation,

and in view of the lack of tectonic evidence is provisionally regarded as

}an‘exotic block. In Figure 8 the type sections cf the Maraval formaticn,

A and B, are compared with the overturned limb on the Saut D'Eau Road, C,

and with the upright and ovserturned sections D and E on the North Coast

.Road. Although.there are a few possible correlations between individual

beds ef massive marble, the impression is one of local variations. There
doss not seem to be any regional trend except that, based both.on the
sections shown and on other éxposuras, there does seem to be an increase
in reefing towards the southuast. There alsc appears to be a strati-~

gréphic change overall from more massive carbonates at the base of the

Maraval formation to calcphyllites at the top. The sections on the

North Coast Road seem tb be exceptionally pelitic in the lewer part.

In the Haleland Park area (629847) mentioned above, and in the

southern part of the Maraval outérop on the North Coast Road in the area




of The éaddle, thare are many superficial folds in the upper bedded lime-
stones of the Maraval formét;on.‘ Although these folds éould have been.
caused by movement following decalcificatiqn, it is suggested that they
may have overlain what was an évaporite sequence in the Maraval formation
which has been completely dissolved. Such postulated éﬁaporites ars

not exposed anywhere in the outcrop of the Maraval formation in the

Northern Rangs.

~ The Maracas Formation

Describing the-Caribbsan series, Suter (1951) mentions a typical

sequence along the North Ccast Road and says: "it begins at the sea with
the Marabas.beds, conéisting‘of grey to black sericitic-chloritic, red-
weathering phyllites with interqaléted layers of grits, followed by a
zone.of some 1500 ft of fine-grained, homogeneous, Hense epi-quartzites,
overlainiby a sequencs of phyllites". Thus the Maracas beds were
assumed to be the oldest in the Caribbean series. A thickness ofﬁ
22,000 ft (6700 m), was tentatively suggested.

" In ﬁhe International Stratigraﬁhic Lexicon, Trinidad, kugler (1956)
" raised these beds to formation status, éuggested a type section along the
North Coast Road to Maracas Bay:and gstimated thg thicknsss as 10;0004ft
(3350 m).  Kugler (1953, l§5§) considered that the Maracas beds merged
downwards'into the~Dr§gon gneiss, but Gonzalez de Juana, Munoz and Vignali
A-(1965) considered that the Dragon gneiss was interdigitated with the Macuro
formetion (equivalent té the Maracas formation), and Kugler (1971) sugges-
ted that thelDragon gneiss might be a slip-maés, |

I; ons way, the term 'Narapés' is confusing because thers are two ‘

aifferent places bearing thé nams; Maracas Bay on the narth coast and !
marécas Vglley horth of S£ Joseph. The original type section was intended
"to starb:in Maracas Bay; there are howsver ssctions of the formation in

Maracas valley and particularly in a tributary containing the Naraqas
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waterféll. The term has become well established, and it is not proposed
to alter,if. |

It can now be seen that the Maracas formation ié not the oldest
formation in the Northern Rangs, and that it succeaeds the Maraval formation
with apparent conformity. The Chancellor formation, in turn, overlieé'
the Maracas fﬁrmation, appérently conformably. The thickness of the
Néracas in both the upright and the overturned sections has been measured
_as siightly under_lSUO Mo Rather more variation in thickness had besen
gxpécted in flyéchjlikevthis. | |

Now that mapping has been completed iﬁ thevarea, the-original type
section.of the Naracag formation is seen to be an overfurned seﬁuence on
the nqrtﬁ flank of the main anticline. 0f course it is possible to
describe a type section on an overturned limb; however the North Coast
Roadirqns mainly along the strike of the beds as it approéches Maracas
Bay. There are excellent exposures in cliffs cut along this road, but

(?late 8)
a coherent section cannot be followed./ The top of the formation is not
eeqched in Maracas Bay, and there ié also a major thpust there. . There-~
fore a new upright typs sectlon is proposed, Fig. 9.

Thls section follows La Ceiba River (La Seiva on local slgnposts)
near marayal. The river rises in Maraval limestones nprth of the Morne
Coco Road and then flows through the Maracas formation in a deep valley.
Unfortunately the river joins the Maraval River before reacﬁihg the top
of the formation, and thgrefore thé continuation of the type section is
suggested aléng tha western bank of the Maraval valley. Here numerous
house 31tes have been cut, revealing exposures of the Maracas formation.
The Junctlon with the overlylng Chancellor formation can be seen both in
a quarry ‘and by 1nference betwesn adjacent house sites.

AR co-type section is also sgggested partly on the North Coast Road
and then do&n the Negre Marron trail to the sea, Fig. 10. It is an

overturned sequence- starting at the Maraval limestonss and ending at the
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Chancellor fdrmation‘at the coast. It has been included partly-for the
viéitor who tends to travel by road from Port of Spain to Maracas Bay,

and partly.because a volcanic rock is exposed along this road at no. 5092 -
now an epidote s;hist, but originally a tuff (647868). y .The proposed
“type section is shown as a stratigraphic column in fig. 11 and the co-
type ssction in Fig. 12;>4 A number of stratigraphic sections are shouwn
in Fig. 13, in which the type section is column H and the co-type section
'cblgmn.K (locations»are shown in Fig. 4). It.is striking that although
the thickness of the Maracas formation is re%érkably c&nstant in sections
“H, J and K, there is little correlation betuesn the sections. Pbssib19
the phyl;itss and slates 100 m thick in the upper part of columns J and K
can be expected to lie in the appropriate gaps in H and K. Anotﬁer pos-
sible correlation lies in the fact that at severaialocalities the lowest
exposures of the Maracas formation are in phyllites and slates. This has
been observed not only in the érea'shown but as far as 40 kms to the past.

The occurrence of quartzites near the base of section K is unusual,

\

possibly minor faulting may be present.

There are three main kinds of lithology; but the lateral gxten; of
‘individual qnitg is limited: The first kind of rock is black to dark
grey slate or phyllite, often graphitic, sometimes with pyrites. In
nearly all exposures of this kind of lithologigal sequence thers are
occasional thin beds or horizons of schistose quartzites. Entirely dif-
' féfent from the slates are beds of thick massiﬁe quartzites, forming cliffs
and gorges, gnd underlying the highaét pgéks in thq western part of the
Northern Rangs. Individual massive quartzités may reach 100 m-in
thickness, but lateral extent is limited. Separate quartzite members
may be named in futute.\

Although bbth the quartzités and the slates form distinctive parté
of the Maracas formation, and the quartzites, in particular,.form gpectacular

cliffs like those alohg the North Coast Road, it is probable that ths major




TYPE SECTION OF MARACAS FORMATION

La Ceiba River
& Maraval Valley

-1500m
Chancellor Fm. Black sericitic slates
5547 gork grey phyllitic sericitic limestone
lock sericitic non-calcareous slates’
Maracas Fm
g5gg ===] Weoathered sericitic quortzites
545 Light grey bedded quartzites with minor schists
6538 E===3 4m massive quartzite overlying i6m interbedded
phyllitic quartzites ond schists.
1000 6537 === - Folded phyllitic quartzites with more massive beds
— m
6536 E===E Weathered phyllitic quortzites interbedded with biock
6569 b schists, some laminated material in section.
Phyllitic quartzites (spotted) and interbedded dark
6568 grgy serlcitic. schists.
6528 interbedded weathered phyllitic quartzites and black schists
6527 Massive to bedded phyllitic quartzites with £1/2m gritty limestone
6529 Massive to bedded phyllitic quartzites with black schists below
6525 Phyllitic quartzites with minor schists
6530 k=== Phyllitic quartzites with minor schists
Massive quartzites above
6531 Black schists ) ) )
6532 Phyllitic quartzites with minor quartzites
6533 glock slofsg ec:jr:jd ghyllifesh\;'ilﬂt\ phyﬂng. ;quog%urei in upper: r{lo&
inely intel ed grey itic quartzites & dark grey phylli
6534 Bedged quortzites wntﬁ bands of quartz
6535 Hard grey phyllitic quartzites
-500m Hard grey bedded phyllitic quarizites with few thin
6551 phyllites scour &fill,loading & graded bedding
Bedded grey phyllitic quartzites scour & fill,load features
6552
poor graded bed.
- : Bedded hard grey phyllitic quartzites with some
6553 5_4 ] interbedded phy?llites. scour & fill features
6556 et Dark grey gritty phyllites to slates, scour & fill features
6557 E Laminated interbedded quartzites & phyllites as below
6561 Weathered gritty sericitic phyllites
6562 Bedded phyllitic sericitic quartzites
Weathered gritty sericitic phyllites
6563
6564
6565-66
6567 Weathered phyllitic quartzites
Maracas Fm.
-0 6182 P (nterbedded thin recrystaliised limestones and
Maraval Fm. dark grey calcoreous schists

fig.1ll. Type section Maracas Formation.
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part of the formation is composed of thinly interbedded quartzites and

phyllites with individual laminae ranging in thickness from millimetres

~ to centimetres. In this kind of material ‘there are occasional bimodal

layers in which quartz grains up to 2 mm in diameter lie in a fine grained

‘matrix‘b

In the laminated material, especially in the more pelitic sequsnces,

a number of sedimentary features can still be ssen, graded bedding,

convolute bedding, ripple load casts and ripple flow marks, and slump

- folds. All indictions both in the upright and ths overturned limb

-suggest a palaeocurrent direction from north to south. . Thars may have

been much more graded bedding than can now be recognised, bscause meta-

morphism may have ohscured it.

" A few thin limestenes occur, but not in either of the typs sections

. shown. These are dark grey recrystallised limestone or marble very

1ike the Maraval limestones. Some of these beds ssem to be in place,

but in other parts of the Northern Range there are outcrops of massive

marbles identical to those in the Maraval formation as mentioned above.

But the outcrops may be only a few hundred metres in length, so that thay

may be either depositional lenses of contemporaneous limestone, klippe of
Maraval formation or exotic blocks of Faraval formatipnf Field sxamin-

ation suggests that all three kinds-of outcrop may oécur.

On the North Coast Road at 647868, about 100 m north of milepost 1%,

“there occurs an epidots greenschist, weathered reddish-brown, about 6 m

thick. This rock is about 60 m above the base of the formation, and is

shown in exposure no. 5092 in the co-type saciion. It was first observed
by K.U, Barr (personal communication) who also observed similar thinner

~ beds in the phyllites to the north of this exposure. These are no

longef visible. ‘In thin ssction the rock appsars to contain porphyro-
blasts of epidote and chlorite in a groundmass of quartz, calcits,

musboﬁita<and biotite. Miba layers seem to follow foliation - some




-1500m

—1000m

- 500m

CO-TYPE SECTION OF MARACAS FORMATION

North Coast Road &
Negre Marron Trail

Chancellor Fm. 6100

interbedded dark grey recrystallised limestones & dark grey slates

6100

Maracas Fm. 6099
6097
6101

6102

5083-86

61314
5087

5088

5089
5090

Maracas Fm. 5093

== Interbedded phyllitic quartzites with slates and thin limestones

graded bedding

Interbedded quartzites and graphitic phyllites with £ 5% thin

limestones, graded bedding.

Dark grey sericitic phyllites with jarosite some interbedded quartzites

La Vache Bay

Phyllitic quartzites with interbedded phyllites and phyllites below

Bedded phyllitic quartzites

Phyllitic quartzites

interbedded phyllitic quartzites and phyllites
Weathered sericitic phyllites

Weathered interbedded quartzites and phyllites

Weathered phyllites with gritty layers

Interbedded gritty phyllites and phyliitic quortzites

........

Weathered phyllitic quartzites

Weathered sandy phyllites with phyllitic quartzites above

Sericitic phyllitic quartzites

weathered phyliitic quartzites

Phyllitic bedded quartzites becoming massive at base

interbedded dark grey phyliites and light grey phyliitic quartzites

weathered dark grey phyllites with some beds of quartzites

Sericitic slaty phyllitic quartzites {or quartz mico schists)

= weathered phyllitic quortzites with some dark grey phyllites & slates

Bedded phyliitic quartzites at base

Weathered phyllitic quartzites

Dark grey sericitic graphitic phyliites and slates with some beds
of grey phyllitic quartzites towards base

Weathered to dark grey phyllites and slates with o few thin
weathered phyllitic quartzites in the middle of the section

Olive green epidote chlorite mica schist, calcareous.
Weathered phyllites with weathered phyllitic quartzites
increasing towords base

Maraval Fm. 5094

Weathered tan bedded limestones

fig.12. Co~type section Maracas formation.
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‘crenulation can be seen. The rock appears to have been a volcanic ash

and together with the othsr thinner ashes, and a similar exposure some
9 kms to the west (553874), it suggests a volcanic episods, of more than
local significance, sarly in the history of deposition of the Maracas

formation. Convolute bedding on the base of the tuff (now overturned

to the top) suggests palasocurrent direction from .north to south, there~

fore the volcanic material seems:to have come from the same direction as

. the rest of the sediments. (plate 15)

In thin seﬁtion'the quartzites appéar to bs fine-gfained with léng
axes less than 0.1 mh és a rule. detu:és afe grénoblaétib-elongate
quarti witﬁ subsidiary albite; bands of sericite outline the foliation;
pyrites is common as an accessory mineral; -what appear to bse phyllonitic

structures have been observed. Along the North Coast Road a succession

~ of green quartzites and greenschists can be observed in a spectacular

overhanging cliff at Milepost 3% (660885).  Atong these chloritic
qﬁartzite beds there is a calcarsous chlorite-mica-schist. (plate 8)

- The Maracas formation gives the .impression of being flysch. - From
consideraiibn of lithology and observation of sedimentary features it is

suggested that the major part of the formation was deposited as turbidite

flouws. This suggestion was first made by Kugler (1953). The volcanic

ashes are also presumably submerine in origin.

" It will be observed that the type section appears to be markedly
more quartzitic than the co-type séction. This illustrates the irrequ-
larity of éedihentation, because there are é number of massive.quartzites

in the peaks esast of the measured co-type section which do not reach the

- measured section. The co-typé section thersfore appears to repressnt

a more argiliaceous sesquance flanked by relatively quartzitic sequences.

It has not been possible to investigate the quartzitic devslopments in .

- detail because of poor exposures, partial inaccessibility and the effects

of metamorphism; however it is suggested that if this flysch sequence is
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considered to be probably composed of turbidites, then fhe quartzitic
sequencés may represent the axial parts of submarine apron fans. It
has not beén possible to study submarine channels within fan complexes,
but at different localities along the Northern ssa cliffs and in tﬁe
~western islands, there are quartzites that may represent individual sub-
marine channal sands.

| The type section of Maracas formation in the Maraval valley and La
Ceiba River was shoun by Kugler (1959, 1961) on the 1:100,000 geological
" map of Trinidad as lying in Grande Riviere fﬁfmation,'Ey’extrapolation
“from the. Toco area (Barr 1963). The Grande Riyiers formation is not-
now recognised in the western part of the Northern Rangs. The general

position of the Grande Riviers formation will be discussed below.

The Chancellor Formation

The first published use of the name Chancellor appears to be in the
1:100,000 Gsological Map of Trinidad (Kugler 1959, 1961), whers the
uppermost member of-thé Grande Riviere formation is described as
. 'Chancellor Beds'. The termuwas not used in the Stratigraphic'Lexicon
(Kugler 1956), nor in Higgins! appendix to Suter 2nd ed: (1960). Howevey .
rather thén introduce a new term the writer has pfoposed raising the
Chancgllér beds to formation statué. Justification for this lies in
the distinct lithology of the unit, which can be mapped tﬁroughout the
westefn'part of thé Northern Range, the four recognisable members, the
thickness of 500 m, and the fact that it may be correlatable with a
Formation, the Toco formation, already describéd in thé unmetamorphosed
roﬁks of the Toco area (Barr 1963). The Grande Riviers formation is
not now recognised in this.area, because pért of it lies ih the Ngracag

Forhation, and part'in the Chancellor formation.

There is a fairly good typs section of the Chancellor formation well







‘exposed along the Lady Chancellor Road which leads northward, uphill
‘from the.nbrﬁhuestern corner of the Queen's Pafk Savannah in Port of
Spain,.Fig. 14.

The Chancellor formation lies on the ﬂaracas formation, and the
contact appears to be conformable in the westem part of the Northern
Range, although this may.not be true evesrywhere. . In the west the
Chancellor formation is overlain unconformably by beds described by the
_ writer as the Morvant beds, but which are probably equivalent to the '
Galera formatioh (Bafr 1963). Tﬁe unéonformity is weil expoéed on.the.
 Lady Young Road at 651796 (see below). _‘In the géneral‘Pdrt of Spain
area the thickness of the Chancellor formation is abouf 400 to 500 m,
although the apbarent thickness varies becauss of the overlying uncon-
formity.

Fig. 15 is a stratigraphic column of the type section on Lady
Chaﬁcelior Road, and Fig. 16 is a stratigraphic section from Fort George
Road (5981) through the type section, to Lady Young Road‘(6d80). There
'appear to bs four eaéily distinguished members, whichAare, starting at the
basef Lower Limestonee, Lower Phyllites, Upper Limestones and Upper
Phylliteg. In the limestone members the characteristic lithology is
that of thin dark grey recrystallised limestones from perhaps 1 cﬁ tolm
in’thipkness, interbedded with dark gréy slates, phyllites or schistose
quértzites. However quartzite beds are relatively rare except near
the base of the formation and in tﬁé Upper Phyllite member. The
proportion of beli#ic material in individual exposures varies from thin
streaks separﬁting'limestone bands, tu'perhapé fiﬁe times the limestone
thickness. |

The Lower Limestone member has a number of sedimentary stfuctures
in the phyllites and quarﬁzites similar to those found in the underlying .
Nafacas fgrmation. Thess are graded bédding, ripple flow marks; and

scour and.fill structures. In the field it is somsetimes difficdltlto

i1
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TYPE SECTION OF CHANCELLOR FORMATION
Lady Chancellor Road
—400m
Morvant Beds
6279 |322228] Weathered coarse quartzite or grit,conglomeratic in part.
‘—\\‘_’/’—§\\\_ ’—\\~_,/"‘~\ -
Upper
Phyllites 6278 Weathered dark grey phyllites with weathered quartzite loyers
Seess
—300m 6273 Dark grey graphitic phyllites with interbedded thin recrystallised
limestones and limy quortzites, bonds of quartz
e — &) Interbedded dark grey phyllites and thin lens limestones
6272 E——rr] somewhat recrystallised but not entirely because dlgal
——3 remains,weathered quartzites interbedded with phyllites
CTTrd  Grey sericitic bedded limestone up to Im thick
Upper
. 6271 Weathered phyllites
Limestones
200 ==o= Interbedded phyllites and thin recrystallised limestones
- m TTIT .
6270 7 Dark grey to ton bedded recrystallised limestone, folded
6269 o Weathered dark grey phyllites with thin recrystallised
—= limestones often quartzitic or gritty
] Reef mound in bedded limestone 10m diameter Sm thick
6267 Bl . o
6268 === Interbedded weathered phyllites and thin quartzitic or gritty
e limestones up to Im thick pull apart structures. 6267 slipped
6267c _Bark grey sericitic phyllites
Lower
Phyllites
—100m Weathered slipped phyllites not well exposed
___________ 6266 =
_____ - Phyllites, quartzites and limestones thickest limestone 1:5m
Lower 6265 == Weathered phyllites with thin recrystailised limestone-sparite
Limestones T in some cases limestones up to 15cms. thick
6264 —— Interbedded dark grey phyllites, calcareous and non-calcareous,
I with thin beds of dark grey recrystallised limestones, limestones
—— are pulled apart but no boudins,also beds of quortz
Chancellor Fm. interbedded dark grey phyllites and light grey phylitic quartzites
o 6263 with thin beds of dark grey limestones & limestone lens 1/2m thick
B 6263 Interbedded dark grey phyllites and light grey phyllitic quartzites.
Maracas Fm. % quartzites increase upwards scour and fill marks. 6 ripples
? current ripples. 2convolute bedding pull apart structures

fig.15. Type section Chancellor formation.
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distingﬁish between limy qqartzites and quartzitic limestones. It is
noticeable howsver that although.thin sections show different limestones
with quartz rénging from a trace up to 50%_0? the rock, the peréentage of
calcite in the quartzites doss not exceed about 10%. I is suggested
therefore that the quartz has been introduced after depoéition, probably
'during metamorphism. 'The Lowser Limestones member appears to be 90 m
thick on Lady Chandellor Road and approximately 100 to 110 m thick on
fFort Geéfge Road i.s. the thickness seems fairly constant.

_ "The Lower Phyllites member seems to be about 40‘m'thick on Lady
.Chancellor'Road but increases to about 190 m on Fort George Road only
3 kms to the west. Exposures are poor and weathered; and are of dark
grey sericitic phyllites Qithout any distinguishing characteristics.
Thicknesses have been estimated with refafence to the nearest limestone
expésurss.v Unfortunately thié member is very poorly exposed in the
western islands.

Like the Lower Limsstonss member the Upper Limestones member is rela-
tively constant in thickness and this is approximately 190 m on both Lady
.Chancellor Road and Foft George Road. At 622808 in exposure:no. 6268
in the lower part of this member there is a reefal mound appfoximately
5Sm thick.and 10 m in diameter. The mound i; surrounded by bsdded lime-
stoﬁes without interbedded phyliite;? In the uppef ﬁart of this member,
especially in exposure no. 6273 (622805) there appear to be algal remains
préserved,vand it is possible that these may allou datihg of the rock.

The Upper Phyllite member is poorly exposed on Lady Chancellor Road.
. In the sectidn some 50 m thickness.has béen sqggestéd,Abut there is only
one exposure, No. 6278; and é poor weathered one at that. So the actual
thickness could be as small as 30 m. However on Lady Young Road near
A the Lookout car park along the road from 649797 to 651756 the Upper
Phyllites are weLl exposed although folded, in a series of upright folds.

They Ean be seen to overlie the Upper Limestones which occur in the cores
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of the small anticlines. - About 100 m of wesathered grey phyllitss with.
minor interbedded quartzites were observed. At widely scattered
localities the Upper Phyllitses sesm to weather lilac to purple.

Just sast of the car park on the north side of the.road at 651796
.éhe unconformity between Chancellor formation and Morvant beds ﬁab be
ésen as a gently wapped.surface dipping south at approximately 40° (Plates 39-41
On this surface are limonite nodules and..pebbles. Under the unconformity
are ths Uppar Phyllites of the Chancellor formatlon, folded in upright
;folds as‘dascrlbed. Acrouss the road, and also Just u1sible above tha
.unconformity, are south dipping black.shales contorted, and containing
pebbles and boulders of dark grey limestons and duartzites, which may be
from the Chancellor formation. These béds have been considered to be
the lowest part of tﬁe Morvant beds, which are prbbably equivalent to the
Galera formation (Barr 1963) and which-will be so némed when palasonto-
logical evidence can bs provided. Higher up the slope on the north side
of the road, approximately 1 m of Nofvant beds are found overlying the un-
cdnfofmity. |

Other good exposures of Chancellor formation can be ssen on Lady Young
Road ueét of thé section described, i.s. betwsen the summit and Port of
Spain, and also on Fort‘Géorge Road, between the quarry behind the cemetry
599804 and the fort itself; 593817. On Foft Gebrge Road the rocks are
weathered to a purple or lilac colour, but this seems to be either a local
feature or to apply particularly to the Upper Phyllites.

In thln sectlon the Chancellor llmestonss appear generally lees pure
than the Maraval limestones, and are finer gralned. ‘Quartz is present
in ﬁearly every Chancellor limestone in isolated grains, segregated bands,
irregular patches and oécasionally as porphyroblasté up to 1 mm in diamster;
Sericite is common in irregular bands. Pyrites and iron staining are aleo
common. Although the rocké ssem fo have been changsd to impﬁre marbleév

with granoblastic elongate texture, there are several axceptionsAwhich
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‘appear porphyroclastlo with oeliths and bioclasts not yet fully recrystal-

lised. '. It may be that the hlgherfpelltlc contant of the formation and

the thinner bedding has meant that the Chancellor limestones have not been
metamorphosed as much as the Maraval limestones. The quartzites are
generally coarser tHan the Maracas quartzites. flortar texture is common.
Albite is‘é minor constituent.

It may sesm strange that the characteristic Chancellor formation hed

--not been recognlsed throughout the Northern Range earller. One factor
hindering this was decalcification. At nearly all eyposures the bedded
* limestones become decalcified during weatherlng. ‘Thay look exactly like ..

the weathered quartzites and phyllites of the Maracas formation. Within

one to two metres of the surface thers is no acid rsaction. In ths

.central and eastern parts of the Northern Range one can observe what

appear to bs quartzites with interbedded: phyllites in the roadside, but
when the same beds ars folloued down into adjacenf stream vallsys, they
are fevealed as bedded limestones. It is suggested that this is a par-
ticular feature of tropical weathering.

West of the Port of Spain area there are no well exposed cross-

sections through the Chancellor formation, although some 1nd1v1dua1

.exposures are good. Near the villags of Carsnage, at 532815, behind

thg fuel tanks the conformable contact between the Chancellor formation
and the underlying Maracas formation is well exposed.

The diﬁisiﬁn‘of the Chancellor formation into members can be recognised
as far as the most westerly outcrops here mapped. 0On Chacachacare Island
the Lower Limestonss member lies north of Chacachacare Bay. The Louwsr
Phyllltes member liss under the bay itself and can be seen in the isthmus,
while the Upper Limestones member outcrops on the southsrn limb of tﬁe
island. The shape of Chacachééare Isiand is striking testimony to
tha dlfference in lithology between the limestones and the phyllites of

the Chancellor formation. "The Upper Phyllite member does not outcrop




on the island and must lie to the south.  On this island the structurse
is rolling and stratigraphic measurement is difficult; howsver an estimate
. can be madé: the Lower Limestonss abpear'to be about 100 m thick, the
Lowsr Phyllites about 150 .m, and the outcropping part of.the Upper Lime-
‘stones also about 150 m, suggsesting an overall thickness of 400 m without
the Upper Phyllites.

| - On . Heuvos Ialénd'oniy the Lower Limestones member outcrops, and
appéarsvfo be about 100 m thick.

On the Island éf Monos the exposures of.bhanceliof formation are

-significantly different from anywhere_else, becauszs of the tevelopment

of conglomeraﬁes at a Qumber of horizons. The Lower Limestones member
is well exposed in the two small scutheastern capes and appears about

160 m thick. In the second cape (at 442813) there are conglomgrates
‘interbedded with the lower 60 m of the member. These conglomerates do
not appear in the most southeasterly cape 500 metres to the east nor in
the exposures west of Grand Fond Bay 900 metres to the west. In fact
these conglomeraées do not appear in the eastern side of the caps 200 m
to the. east. The components of the conglomerate appear to be pieces
of bedded limestone and bedded calcareous quartzife.

. The-Lower Phyllites member is not well exposed on Fonos Island. It
is exposed at the head of Dumas Bay and is bslisved to lie under the
allﬁvium there (423813). It does appear in exposuras in the western
coast, whichlunfortunately proved to be inaccessible (421814). It is-
assumed to outcrop in the western sids of Grand Fond Bay (433811), but
is not exposed. .

The Upper Limestones member is well exposed in the bays-and on the
capes along the coast oé the scuthwestern !'foot? of Monos,. At Cape
Cola (416809) about 20 m of the Upper Phyllites member is found overlying

the Upper Limsstones.

In the sastern part of the 'foot! of Monos the Upper Limsstones
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momber is developed normally except for the occurrence of layers of auto-

npacciation in the bedded limestcnes. Howaver in the tuwo southwestern'

‘ pcﬁiﬂaUlaS i.s. to the east and west of Dumas Bay different lithologies

Here the bedded limestones are interbedded with conglomerates.

.

QrCUL .

Tnase conglomerates contain well rounded pobbles up to 150 mm in diameter

conposed of light grey quartzites and of limestonss like those in the

thancellor formation plus a fsw smaller pebbles of black chsrt. They

oocur throughout the whole of the Upper Limestones member, and form about

:haif the thickness. It is not possible to correlate individual horizens

- geross Dumas an. The conglomerates are confined to this extreme

¢authwestern corner of Monos Island, an area approximately one kilometre

fsom sast to waest. In detail as suggested by the enclosed photogfaphs

(Flates 2]_,223,23 tha conglomerates appear to penetrate bedded limestones
es well as being interbedded. | It is suggested that they represent a
local system of channels cutting fhrough the shelf carbonatses of the'Upper
Lizsstones member. A dstailed discussion of correlation will be given

below but in passing one may note similarities with the Patos conglomerats,

and with conglomerates in the Guinimita'fopmation of Venezuela.

In general it is suggested that the lower part of the Chancellor

formation repreéents 'l1imy flysch! and may have been deposited as tur-

‘bidites - the last phase of the Maracas flysch trough. On the other
~hand the upper part of the Chancellor formation represents a rsturn to
-shelf gedimentation, with reef development in isolated localities, and

. conglomerate channel facies occurring in other areas.

One of Saunders (1971) samples (643796) lies within the Chancellor

‘formation, in the Upper Phyllites member north of the main fault of the

EL Pilar system. He reports a fauna of micromolluscs and Globigerina

~ Kugleri, which he compares with the Toco formation of the Barremian-Aptien.

~ 6ga, and assumes that the sample lies in the Laventille formation.




The Laventille Formation

Nény»obseruere of_Trinidad_geolon have bsen attracted by these
easily:accessible rocks and an account of their ideas covers much of the
ground alrsady covéred by the'introduction to the Caribbean group.
Hoﬁevar the stratigraphic views advanced should be presénted here.

In describing the Caribbean Group, Wall & Sawkins (1860) noted the

difference between the 'crystallins limestones contained in the slates'

of the’Northern~Rahgey and the 'compact limestones, sither quite uncon-

nected with the schistose group, or only associated with its upper strata.!

They stated that 'the compact limestones form a portion of the Laventille
Hills, and several of the islands of the gulf'; and decided that tthe

sections in general are not such as to indicate the precise relations of

" the compact limestones to the micaceous series'.

Guppy (1869, 1877) after describing poorly preserved mollusca from
the Laventille limestones, decided that theée limestonss lay unconform-
ab;y on the older phyllites and schists of the Northern Range. He
considered tﬁe Caribbean group to be ﬁossibly Palaeozoic and the |
Laventille'limestone to be younger i.e. possibly Upper Palaeozoic. - But
he also mentioned that Profassor.Tate, after examining the fossils,
thdught tﬁat fhe whole series might be. Jurassic.

Aé menfioned earlier Cunningham-Craig (1907) examined these fossils
and observed that a cephalopod described by Quppy as a goniatite was
actually an ammonite, not older than Jurassic. Unfortunately ths
fossils were destroyed in a fire during the riots of 1921. Cunningham-

Craig sungested that the Laventille limestones were the oldest part of

the Caribbean group.

Trechmann (1925) described the Laventille limestonses at Laventille
Hill - 500 feet thick (152 m), and considered that a Nerinea occurring
in the limestone was of probable Middle Jurassic age. He disegreed

with Cunningham-Craig's suggestion that the Laventille limestones were
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the oldest part of the Caribbean oroup. In 1935 he recognisad a fault
between the lLaventille limestone at Pointe Gourde, and ths schists to the
nﬁrth, and suggested that the Laventille limestone was equivalent in age
to part of the Caribbean group to the north, and to the Toco beds.

Waring (1926) agreed with Wall & Sawkins! original description of
the Laventille limestonée as Seing differenf and probably younger than
the rest of the Caribbean group. He introduced the term Laventille
.}limestone-and quoted Professor G.D. Harris as_inclining to believe that
the fossils from the Laventille limestone suggested én'eérly Mesozoic ége{.

Liddle (1928) proposed the term "Laventiile formafion" and éuggasted
a Silurian age-for it. In the later edition (1946) he revised this
ané suggested'ah early Mssozoic to Cretaceous ags.

Suter (1950) méntions the Laventille Limestone and its extension on
the western islands.  He appears to include the phyllites below the
limestone in the 'Laventille limestone complex' and mentions gypsum af
St JOSepﬁs and Gonzalez (sse belouw). He states: 'the lowsr boundary
_is transitional to the Maraval beds; the upper boundary is erosional
and indeterminatet!, and also_'there are lithologic transitions bsetween
' these limestones and the Maraval marble, and one could easily be a meta-
morphic facies of the other'. - When one considers that éuter includes
in the Maraval beds all those rocks the present writer defines as
Maraval formation, the upright limb of maracasbformation and also the
.Chanbellor formation, it is clear that the pressnt suggestion of cqrrel-
ation betwsen Chancellor formation and Laventille formation was fore-
shadowed by Sﬁter'S'statemént. Thess descfiptions'were not altered
in the éecond edition, although Higgins (1960) in a table shows the
Galera formation lying unconformably above the LaventilleAformation,

~again fdreshadowing the writer's coﬁclusions, and although he also says

that the position of the Laventille limestone and associated shales is

ppoblematic.
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Kugler (1953). describes tha Laventille formation as being of about
270 m thick, and of consisting of 'various limestone members separéted
by sericitic phyllites!. He names an upper limestone, the Picton
Limestone, after nsarby Fort Picton (643778, nsar pt. 4Q2), from which
‘Trechmann (1926) collected a Nerinea of 'a decidedly Jurassic aspect'.
Kugler noted the extension of the Laventille limestons westward through
Five'Islaﬁds and Gaspar Grande to Patos Island in Veneszuela. He
considersd Patos to be composed of Picton Limestone and described the
- different components of the Patos conglomerafé whichAhé considered to be
-in the upper part of the Picton Limestone, i.e. fart of the Laventille
formation. In 195%:Kugler included some of thé phyllitic shales along
tﬁe south flank of the Northern Range in tﬁe Laventille formation.

It will be seen that nearly all the previous work was palaeonto-
.logical in nature, concerned with the age and correlation of thess beds.
The outcrop lies close.to Port of Spain and good exposures were aﬁailable
in the limestones which have besn quarried since early in the nineteenth
centdry. Ons structuréi study waé carried out in the Laventille
quarries for Dominion 0il Ltd. by I.P. Rumsey and P. Uer;all. Unfortu-~
"nately the morkrhas not been published; but the results were provided to
| Kuglef for inclusion in his Geological Map of Trinidad (1959) and Standard
Uil Company qf Califqrnia allowed fhe writer to make a copy of the report
and map. ﬁumsey & Verrall interpreted the structure qf the Laventille
quérries area aé a NNE blunging synciine with parallsl subsidiary folds.
The limestonqs were shown és faultgd against sﬁales‘to the north and east.
‘Other minor faults and folds on other axes wefe-mapped; Thege workers
 estimated a stratigraphic thickness of- 1647 feet (502 m).

. Saunders (1971) foﬁnd microfaunas with micromolluscs and Globigerina
Kugleri in shales associated with the limestones within the Laventille
quarries and also within bhyllitic shéles north of the quarries area.

He compares these faunas with those féund in the Toco formation -
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‘Barremian-Aptian in age.

In the area here described there are-three distinct outcrop zonss of
the Laveﬁtilleformatiqn. These are (a) the Laventills Hills, the
classic area; (b) the islands and Pointe Gourde lying south of the north-
western peninsula; and (¢) the belt of loy'hills lying along thse southern
e&ge of the Northern Range. The Laventille fofmatioﬁ consists of two
distinct lithofacies. In areas (a) and (b) the;e is a succession of
bedded to massive limestones (the Laventille Limestons) with only subsidiary
.'shalés'énd phyllites. In area (c) however the Lavehtille formation cone
sists of phyllitic shales with only thin bands of limestonea, quartzitss
and occasional gypsum and anhydrite.
| The Laventille Hills consist of a single dissected hill about 1.5 kms
long NE-SW and about 1 km wide; it feaches a height of 570 feet at Fort
- Chacon (645782). The hill is honsycombed by a largs number of old
quarries with good exposures, and practically all the published material
refers to this.area. - Structurally the area is a complex synclins,
end the limestone succession appears to be partly younger than the
surrounding shales and phyllites. A succession can be dstermined. At
the base of the hills up to 60_m of shales and phyllitic shales are
exposed under the limestones. These shales have thin bands of recrystal-
lised liméstone and quértzites intérbedded with them. Above the shales
lias a.lower limestonse unit which will be discussed in more detail belou;'
whére undisturbed it reaches about 70 m in thickness in the south but may
peach 250 m in the mestefn part of the hills. Above the lower lime-
stone unit lies a bhyllitic shale series of va:iable thickness - 100 m
might be taken as an average. Finally, occupying the axis of the syp-
cline occﬁrs an upper limestons unit, the Picton limestone.:described by
Kugler (1953) of which about 60 m can be seen.

" The lower boundary of the lower limestone has been mapped as the

~ boundary of'thé Lavsntille Limestone in the Laventille Hills (Fig. 17).
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This fits with older descriptions; howsver this is now mapped as a
stratigraphic boundary - the faults shown by Rumsey & Verrall, and repro-
duced by Kdgler (1959, 1961) bounding the Laventille formation on the
north and esast are not now recognised. The Laventille Limestone appears
~to form a crumpled saucer-like structure and lies stratigraphically aboye
tﬁe surrounding shales and thllites.

The relationship betwsen the uppef and lower limestdnes is not
_ehtifely simple. There is a zone of disturbance along(the eastern edgs
of the Laventille limestone outcrop. Thid.is shown-in the geological
- gketch map, Fig.'l7; together wifh the lqcatiohs‘of quafries A to'F, |
where this. phenomenon can be best obssrved. ' Sketches of the geological
features in quarries A and C are shown in Fig. 18 and these and other
quarries‘aré illustrated in Plates 32-37. |

In quarry A, exposure 7142 at 648776, a block of massive recrystal-
lised limestone without any obvious interdal features except joints liés
in a section of weathered phyllitic shales. The block is some 6 m high
and the shales 8 to é m'thick. | Overlying the shales is some 2 m of
bedded limestone, thickening irreqularly to the'northeast.' The shales
" are draped ovef.the block, and to the north contain an increasing proportidn
of thin limestones. This is not avsingle block: several of the sur-
rodnding quarries show similar ones (exposure 7143 at 650778 and 7144 at
649776). | ‘

At B (exposure 7156 at 64978) approximately 5 m of bedded limestones,
.jointed and partly'boudinised; lie in a fossilifefdus shale succession.
AThis appears to be a faulted block with unfauited shales draped over it.
Some 100 m to the east there is a similar exposure (no. 7155) in which

shales are draped over disturbed and tilted limestones; however here some

~ of thse phendmena could bs due to hill cresp, which is not so at 8.
C is a large exposurs, no. 7157 at 646781, énd contains a seriss of

bedded limectones repsatedly faulted down to the southwest and tilted to
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to the.northeast,-uith unfaulted shales lying draped over them. - The
shales are overlain by 1.5 to 3 m relatively flat cavernous rubbly chalky
limestone thch also caps surrobnding'quarries.

Some 150 m to the northeast, at D (647782), the lower limestones
~appear to be faultqd in the sams way as in £, but the overlying shales
have given way té thinly beddea limestones and shalqs which lie irreqularly
and apparently draped over the lower limestones. The uppsr part of this
8xposure, (no.'7160), was inaccessible.

In the northeéstern corner of ths Lavenfille limeétone outcrop at E
“(no. 6888 at 648787) approximately 8 m of beddéd.limestdnes lie conformably
on phyllitic shales, and are overlain apparently unconformably by 3 m
céntofted purple shales which are themselves overlain with apparent con-
formity by approximately 6 m cavernous chalky rubbly limestone. The |
'unconformity' here could be interpretéd as a flat fault. |

Finally, at F (no. 7104), the northernmost limestone exposure in fhe
Gonzalez quarries (644787), lilac to purple shales and white to red rubbly
chalky limestones are faulted twice against two 12 m blocks of bedded to
maséive limestone.  The dip is here southeast and the faults appear to
be dowhthrbun tp the northwest, i.s. at right angles to the throw in
quarry C. S
| ‘ These disturbed exposures cannot Ee explained by hill creep, because
the faulted blocks are capped not oniy by draped shales, but also hy
bédded limestonses. At first it was thought that there might be é thrust
or flat slide and indeed there is evidence For'sohs‘tectonic moyement in
the shales. However the spatial relationships between the quarries does
not seem to fif such a feature.

The ‘unconformity! cannot be of a regional character because it seems
to Be confined to a narrow zone. Moreover Saunders (1971) reporfs that
the same Lower Crétaceous‘microfauna'occurs in.the shales associz ted with

the quarry limestones as in the phyllitic shales north of the limastone
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mass. fheidisturbances are confined to the lower limestones. A fsw
hundred mefres'west of this zone, the upper limestonss are uniformly

and thickly developed in the axis of the syncline, forming the highest
~ground along the crest of the Laventille Hills. A st?atigraphic
explanation is preferred. It is suggested that the zone of disturbance
represents the edge of a platform or reef. No systematic investigations
into the presence or absence of reefal organisms has been undertaken;
howevgr this zone does sesm to represent the‘éastern limit of thick

- development of the lower limestones. ' This edge may have stood'highér
‘than the mﬁddy sea floo: to the east, and frontai blocks may have
cémbered, énd slid forward forming the present disturbed zone.

Although it was suggested above that there does not seesm to be an
important unconformity between the upper and lowar'limestones thers is
some esvidence for a possible local unconformity. The iower limestonses
both in exposure and in thin section appear to be ﬁore deformed and more
recrystallised.than the .upper limestones. At 644783 the lower lime-
stﬁnes turn from horizontal to vertical through northeast dip over 150 m
exposuré, and appear to be overlain immediately by gently dipping upper
limestonés.. Although these exposures could be reaq as showing north-
westward thrusting, they could also suggest folding of the lower lime-
stones before depositibn of the upper liméstones.

Area (c) is the belt of low hills‘aiong the southern edge of the
Northern Range east of‘Port of Spain. It extends eastwards as far as
Arima outside the area now described. Here the Laventille forhation
consiets.of‘phyllitic shales with thin beds of limestones and quartzites

and also a few occurrences of anhydrite and gypsum. 0One.of the thicksst .

limestonss is 7 m at Champs Fleurs (721783).  The old quarry at 722784
contains a 10 m limestone which is probably tha same bed.  Over the

rest of the oufcrop limestonss rarely exceed 1 m in thickness and shales




'predominate;_ A seriss oé’good exposures may be seen along Riverside
Road, east of Maracas River (738786 to 738780). Although exposures of
'Laventille formation in this outcrop resemble the Chancellor formation,
the decision to extend the outcrop at least‘to the Maracas River was not
difficult to make becéusa the metamorphic grade is everywhers lower than
that of the Chancellor formafion. Thers are shales rather than phyllites,
and the limest§nes do not appear as rscrystallised as the Chancellor lims-
, stones_f there is no reason to consider calling them marbles. This
ssction will be.discﬁssed belouw. |
Tﬁe position of.the evaporites is intéresfing.3 The.largest exposure .
is near St Joseph at 727779, where some metres of anhyarite and gypsum lis
vértically in contorted weathered shales. The length of the occurrencs
is difficulf'to estimate. It may not have been more than 50 m before
excavation.  There are &ertainly a number of barren test pits in
extension of the exposure. |
Another occurrence of anhydrite lies in a nauwly clearsd site at

. . ‘ (Plate 38) ,

~Trotman Street School (654775),/ 8 m of contorted anhydrite and gypsum
ére bedded with vertical shales énd‘limestones. Kugler observed lenses
of gypsum at the foot of Gonzalez Quarry (644787) on £he northern siaa
of the Laventille Hills (suter 1952).' These. cannot now be segn;

- These anhydrites could .possibly be fault slivers enclosed in the
Léventille,formation. However there is an evaporite sequence 20 m to
120 m thick in the Patao member of the .Cariaquito formation of eastern
Paria, Venezuela (Gonzalez de Juana et al. 1965).  The Pataoc member is
fossiliferous.and has been described ag 'Neocbmiaﬁ-Barrehian'. This
compares with a‘Barremian-Aptian age for the Laventille formatibn, ses -

beléw, and suggeste that the anhydrites could either be 'in place in the

Laventills formation or slightly older fault slivers. The suggestion . .

has been made above that there may haVe been evaporites in the Maraval

formation. One piece of svidence strdngly éupports the supposition
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that the anhydrites are in place. Unfértunately the facts are un-
published.’ | An offshore well in the northern part of the Gulf of Paria
éncounterqd lihestones of probably Aptian age, and undsrlying them an
evaporite section which is reported to contain ths same.fiora as the
levaporites of St Joseph Quarry i.e; probable Lomeg Cretaceous. Thersfore
the evaporites of fhe Laventille formation outcrop may represent only the
edge of’a larger svaporite basin.

The oUtcrop;west of the Laventille Hills are §n the:islands of
’1Gaspar:Gfande, Gasparillo, Cronstadt, Carrera, The Five .Islands, and on
the peniﬁsula of Pointe Gourde. Practicallyléll the exposufes are
Laventilie limestone with only subsidiary shales. The island of Patos
in Venszuela some 21 kms west of Gaspar Grande consists of limestonse
which has besn referred to the Laventille formation (Kugler 1953).

Shales occur on Gaspar Grande in what appears to be an anticlinal axis-

and similarly on Pointe Gourds, as well as interbedded with the limestones.
Thus there is a suggesfion that the limestones are underlain by shales as
in the Léventille Hills.

. It may have been assumed that these islands répresent only.the
exposéd peaks 0? an ovérall limestone developmgﬁt that étretches all the
~wa9 from Laventills to Patos. | qu the’ sharp boundéry betwsen the lime-
stﬁnes.and shales‘in the Laventille area can bes used as a model, and the
,flaﬁ sea floor around the islands suggests that most of the sea floor

covers shales.

The vertical character of the edges.of the islénds indiates that
some erosion may have taken ﬁlace,.but it may not have been great -
limestone dsbris seems limited iﬁ area. It is suggested that in
general fhe outlines of the pressnt islands repressent the extent of the
originai limestones, allowing for only minor erosion. . . This may not be

true of the area between Gaspar Grande and Pointe Goﬂrde, where irregular




saa flaoor and.structUral continuity suggest a limestone connection now
sroded. The whole group of islands may represent a general platform
or resfal asveiopment like the Laventille Hills although Cronstadt and:
Carrera may be preserved synclinass, and Five Islands and Gasparillo may
.bs either exotic blocks or fault slivers.

There are tuwo lithologicai phenomena which appear to be prominent
in thess western island outcrops of the Laventille formation: these are
:widespread.breccias‘and also the occurrence of haematitef Polymict
conglomeratés have been described from the Léventille %ormation on Patds
'Island'(Kuglef 1953) and this has been correlafed with conglomerates in
the Guinimita formatioﬁ of Venezuela (Gonzalez de Juana 1968) and with
conglomerates in the Chancellor formation, mentioned above and in Potter
1973b. However in thse western:islands of Lavenfille formation thers is
widespréad development of what appear to be boulder beds or breccias(?late?g)
lwithin the massive limestons. The.components are all limestone, oftén
in large'angular boulders separated by weathered soft calcareous material.
I, some exposures the boulder beds are oyeélain by undisturbed limestones.
Theée breccias are chiefly developed in the eastefn part of Gaspar Grande,
Gasparillo and the southern part of Pointe Gourde. This featurse appears
to be a cbllapse phenomenon, but whether it is dus simply to solution of
limestpne and collapse of caverns,or to ths solution of underlying
evaporites, is not known. =~ Thers does not seem to be any connection
‘wi£h pither dolomitisation or de-dolomitisation.

Ferficrete haeméfite appears_to'be widely associated with the breccia;
in.Gaspar Grande, Gasparillo.and Pointe Gourdéi The concentration of
ore appears to be too low to suggest economic possibilities except at
two locations on Gaspar Grande. In Goodwill's Bay (478795) and at
" Reyna Pointe (479793), there are similar vertical zones each about 10 m
wide in whch the concentrétion of heematite appears to exceed 50%. (Plate 30),

Pfesumably the iron was lsached from overlying soils into voids in .ths
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iimestone; . fhe gwo‘richer zonas may follow major joints.

Jbubin (1965) correlatss the iron occurrence with magnetic anomalies
shown Ey a private aeromagnetic survey aﬁd suggests that there is a narfow
E-W band of enrichment across Gaspar Grande. Anothqr anomaly iies at -
”.winn's Bay (469788) and ‘coincides with the‘occurrence of a small area of
yellow Pludrite enrichment, in the limestone. fhis fluorite occurrence
appears to lie near one of the El Pilar system faults, and to be in the
. general‘afea of. Upper Jurassic to Lower Cretaceous svaporite deposition. .
There do ﬁot appear té be other hydrothefmal miﬁerais.praseqt, and the

. origin'of the fluorite is not clear.

The Morvant Beds

Aloﬁg the southern edge of the Northern Range a series of sandstones
and shales.0ccurs af a number of localities, above the Chancellor
formation. In the genserally poor exposures these sandstones and
quartzites_can.be diétinguished from the Chancellor and Maracas formation
by their coarseness, and thsir yellow to buffvcolour. Individual units
‘are usually several metrss thick, by contrast witﬁ the quartzité bands in
the.Chénéellor.Formation. ' Provisionally these rocks have besn called
the Morvaﬁt beds. If is expecteﬁ that when palaeontoiogiéal evidence
beéomeg available thay will prove to be equivalent to the Galera formation.

The best exposure of these bédé is on Lady Young Road bstween the
summit.(65l796) and the édge of the Quaternary terrace (661793). At
the summit the uncﬁnformable contact betwesn the Chancellor formation
and the Morvant beds is well exposed; it has been described above. The
contact is a géntly wa;ped surface dipping south at appnoximately 4a°
(Plates 39-41). At first it was taken to be a fault plane; indeed thereA.
is an east-west fault passing througﬁ this area. At this locality it
seems at fifst as if the Chancellor formation weré entirely confined to

the north side of the road, and the Morvant beds to the south side, with
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the fault in betwsesn. Howsver, after examining the 'plade' itself it
appeared to be much mors like an unconformity. There was no evidence
of relative movement.  The limonite layers and pebbles appeared to bs

sedimentary in origin_rather than tectonic. Final;y at the top of ths
A}plané' a locality was found on the northern side of the rocad, where
- approximately 1 m Morvant beds.lay over the folded Chancellor beds, and
the-nature of the contact could be seen as an unconformity.-

On the lopation map, Fig. 4, the section along ;he Lady Young Road
is shown as loeation 0. ~ The stratigraphic‘column of.these beds is
"shown in- Fig. 19. This is an incompleté coiumn because répeatéd
folding in the upper part makes measurement too difficult to be meaningful,
Above.the approximate 200 m of section shown there is at lsast 100 m of
interbedded shales and sandstones. |

The lowest part of'the Morvant beds, as exposed at the summit on
Lady Young Road, consists of black pyritic gypsiferous shales and slatés,
partly calcareous and partly graphitic. These sHales do seem to be
, mérkedly less metamorphosed than the underlying phyllites of the
Chanéellor formation. There are occasional fragments of limestone
at some horizons. They look like small boulders of Chancellar limestons,
buﬁ in thése somewhat contorted. exposures they could conceivably be the
pulled-apaft remnaﬁfs of thin limsstone bands. ‘ This lowest shale unit
appears to be about 70 m thick. fhese lower shales are usually
‘wéafhered purpleror lilac, and in the absence of exposures, faapping the
boundary with the similarly weathered Upper Phyllites of the Ch;ncellor

formation may be somewhat arbitrary.
Abovelthe lower shales ths section consists of similar shales and

slates interbedded with laminae and beds of ‘sandstone. ‘The coarss

sandstones are frequehtly argillacedus and occasionally calcarsous.

' Thera‘are three main sandstone unite in the section, and they may Es worth.

describing separately.




" The lowest major sandstone is 15 m thick (653795). It is generally
éoarse and grades upwards from a basal congloﬁerate through conglomeratic
massive coérse sandétone,'to interbedded sandstones and shsles. Graded '
bedding and load structures are prominent.

Some 60 m highér in the section a very different sandstone unit
oceurs (655795). The most obvious element is a massive to bedded, coarss
sandstone mass some 7 m thick and 11 m long, dipping conformably with the
surrounding shales and slates. It appears to be the only large isolated
block, although small boulders of rpcrystalllsed limastone are found in
the surrounding shales. The sandstone block 1tself apﬁears:to bs only
poérly éorted; although many grains reach gravel size there is a consid-
éraﬁle amount of argillaceous material throughout. In addition thsere is
a cohglomerate of dark grey flattensd mudstone pebbles in the block itsslf,
It is‘suggested that this exposure represents wildflysch, and that this
is an exotic block of Forvant sandstone The limastone boulders may be
Chancellor limestones. Similar large blocks have been seen in the
Galera formation of ths Matelot area dn N.E. Trinidad and have been
'reborted by Barr (1963) in the Toco area. There is a second similar
block on the Lady Young Road.

Through the uppsr part-of the section interbedded shales and fine.
tolcoarse sandstonés predominate. Tha hlghest sandstons that could be
included in the stratigraphic colum1 occurs in a tight syncline and
resembles the lowsst sandstone unit, but appears to be in place (659793).

A-numbeerf_other exposures of Morvant beds have been observed -

along the soﬁthern edge of the mountains butinone is as.good as the.Lady
Young Road éectionl At the junction of Lady Chancellor Road and (ueens
Park Saﬁannah (620801), and beside the‘new road near the bottom of Fort
George Road at S. James (5948015 coarse sahdstones of the Morvant bedé

. may be observed. In excavations in the gpastern Morvant area, (673786




and surrdundings),-fdldéd:ﬁorvant beds may be seén with many large
boulders of what appsars to be Chancellor bedded limestone lying on the
surféce,'suggesting that wildflysch conditions existed here too.

There ars two other exposures which should be mentioned. At San
‘Jose Point (471806, not named on map) and en the coast road sast of
Carenage (554808) there are interbedded quartzites and phyllites contorted
and faulted against Chancellor formation. At first it was considered
:tﬁat these-expﬁsures might represent FMorvant beds, but re-examination
suggests that both areas reprasent the Upper Phylliteé member of the
.Chanceilbr forhaﬁion. However the exposures do lis an the exténsion
of an important fault in fhe El Pilar system.

It is believed that the Morvant beds are the western extension of
‘the Galera formation, described by Barr (1963) in the_Toco area.
Lithology is very similar, and the stratigraphic position is equivalént,
but as yet palazeontological evidence is 1écking. The Galsra formation
appears fo range in age from Campanian to Maestrichtian (Barr 1963,

Saunders 1971).
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Regional Correlation

The Caribbean group in the westem patt of the Northern Range can bs
correlataed with the eqguivalent rocks in the eastern part of the Northern
Range, and in the Paria Peninsula of Vsnezuela. A cqrrelation chart is
_ attached (Fig. 20).

The succession in the eastern part of the Northern Range was deséribed
.-iﬁ the Tocq area by Barr (1963) and this information was used by Kuglér

in the‘Geologicéleaﬁ_of Trinidad (1959) and by,Higgiﬁé'(lgso) in his
revisionafy appendix'to Suter. Saunders.(197l) has described fossil -
féunaehfrom this area and from other arseas, and has discussed éorrelations.

The Toco area remains important because'of the juxtaposition on
pither side of a major fault of fossilifercus sedimentary sections and
the most easterly ogtcrops of the metamorphosed Caribbean group. The
writer remapped part of the western Toco arsa and this was included in a
preliminary paper (Potter 1968). This mapping has now been revised in
the light of_increasing stratigraphic knowledge.

The Rio Seco formation as described by Barr, on the river of that
name, is é succession of calcareous phyllites and thiﬁ limestones. It
underlie§ a series of quartzites which Barr aescribed as Grands Riviere
formatéqn. These formations were part of the metamorphic succession,
ang their félétionship to the Lowsr Cretaceous Tompire, Toco and 8ans
Souci Volcanic formations acrosa.fhe Grands Riviers fault was unclear.

Barr assumed that the metamorphic rocks were older than the fossiliferous

éedimentsf The youngest formation, lying‘uhconformably on all the older
rocks, was the Upper Cretaceous Galéra formation. |

Kuglér (1959) correlated the Rio Saco formation'uith the limestonas
of Aripo énd Cuare, and by further extension with the Maraval limestonses.
:Inéidentally the corrslation was also méde with the limestone lenses at

Hollis reservoir, from which Hutchison (1938) recovered ammonites dated
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Uquire formation
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fig.20. Correlation chart of formations in the

Northern Range and the Paria Peninsula.



as Tithonian (Spath 1939) and described as Perisphinctses transitorius

Oppel (now Virgatosphinctes transitorius). Thus the Rio Seco formation

came to be regarded as Upper Jurassic in age.

Lithologically however the Rio Seco formation appears to be very like
- the Toco'formation, the Chancellor formation and £he phyllitic development
of the Laventille formation. | It is quite different from the massive
marbles of the Maraval formation. In the headwatsrs of the western
;bfanch of the Rioc Seco the writer has happed'qutcrops of. true Maraval
formation not shown on Barr's (1963) map.so that a facies changse is nét
'a.likeiy'explanaﬁion of the-differences betweén Naravaijand Rio Séco
limestones. Saunders (1971) consi&ers the possibility that the Rio
Seco formation couid.be the equivalent of the Toco formation, without
being-aple to reach a definite conelusion. Howsver he describes Toco
formatioﬁ faunas from the writer's samples both along the north and south
flanks of the Northern Range and suggests a correlation between Toco
formation and Laventille formation. These outcrops on the south side

of‘the:Northern'Range, the writer has mapped with the Rio Seco section

~and the Chancellor formation. The fadnas include Trocholina infra-

granulata and Globigerina kualeri. One of Saunders'! faunas occurs in

, anisxposure mapped by fhe writer as'Chanéellor'formation as mentioned
above.

The Toco férmétion contains a massive limestons member, the Zagaya
limestons, and this invites comparison with the Laventille limestone in
| éhe Laventille formation. The Tompiré~form§tion as described by Barr
-resembles the phyllitic members of the Chanceiior formétion, and Saundsrs
'(19715 after describing{the same micpofaunas from both formations,

suggests that the Tompire formation should be included in the Toco

i

formation, possibly as a member.

It is now suggested that the Rio Seco formation may be corrslated

with the Toco Formation, Laventille formation and Chancellor formation
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(and with the Guinimita fofmation of Paria, Venezuela, see below). This
suggestion has besn made by Potter (1973b).

In thé Toco areauBarr (1963) described the Grande Rivierse formation
above the Rio Seco formation. Mapping by the writef leads to the con-
.clusion that in the southwestern part of the Toco area the Grande Riviere
formation is the.lightly metambrphosed equivalent of the Galera formation
as described by Barr (1963). This suggestion was made by Potter (1968).
phfqrtunately further observations to the north acﬁual;y.in the Grands
" Riviere valley indicate that this outcrop of Grande Riviere formatisn is
'réallyAﬂaracas formation. It is the uriter'é vieﬁ therefore that both
Maracas fqrmation and Galera formation had been mappsd'as Grande Riviere
formation. The use of Grande Riviere formation should be discontinued.

Kugler (1959) extended ﬁhe~use of Grande Riviere formation to the
.western end of the Northern Range and included the‘Chancellor bedé in it.
This is now seen to be the upright limb of Maracas formation, and the |
Chancellor beds are separated as a formation in their-own right.

Thosa massive limestonses previously described as Aripo Limestone
and ﬁlatanal Limestone are considered to lie in the Maraval formation
and wiil be shown as such on future maps prepared by the author. The
.position 6? the badded limestones and calcareous phyllites from which
Hutchison (1938) collected Tithonian ammonites is doubtful. Litho-
logicallyrthose beds resemble the Chaﬁcellor formation and the Rio Seco-
fofmation-as originally described. They eppsar to be quite different
from the Maraval formation. There are. excellent exposurss of massive
Maraval limestones only 1.5 kms north of the damsite and therefore thers
can be little likeiihood of a facies change in the Maraval formation.

On the Cuare Road and Cuare River south of Hollis damsite the writser has
mépped %oldéd Chanceiior limestonés énd it_may be that the Hollis damsite

2"is_in this formation. Indeed faulting has been mapped which might bring -




this abouﬁf _ But there is alsc a possibility that these beds are simply
a local calcareous development in the [Maracas formation. This suggests
therefore that the‘MérécaS formation may be Upper Jurassic in age and thse
Maraval formatiﬁn somewhat older.

The Morvant beds were named provisionally in the absence of palasonto-
1o§ical evidencé; It ié thought that they belong clearly to the Galera
formation.

Cofrelatiop with the published work in the Paria Peninsula of

Venezuela (Gonzaléz de Juana et al. 1968) presents soms difficulties.
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Those detailed stratigraphic columns are important bécause they are based . -

on work in relafively well exposed terrain in dry scfubland. Moreover
the uppef limestonss are abundantly fossilifarous and ages have been
established. - However ths geological maps (Gonzalez de Juana kindly
provided the writer with unpublished 1:50,000 maps of the whole peninsula)
show a simple south dipping flank without any major or minor folding.
During two visits to the eastern part of the peninsula the writer saw
“minor folding and some indications of major folding - part of the Dragon
Gneiss appeared to bsloverturned.‘ Based partly on thsse visits and
partly on experience.ih the Northern Range it is guestioned whether such
a simple structural picturse as that shouﬁ can bs trus. . Thicknesses may
~ be,much less than those shown. The identity of ths Uquire fTormation
may‘also be questiﬁnéble - it may be ﬁart of the Macurc formation and
vadﬁually equivalent to the upper part of that formation. Similar
© pelitic sequeﬁces.occur in the Maracas formation of the Northern Range
and are séen as graphitic phyllites and slates. |

Mork in tﬁe western part of the Northern Range has not led to tﬁe'
development of any new insights into the nature of the dragon Gneiss of

"Paria. The main hypotheses are that the gneiss is a basement ridge,

" that it is metasomatic (Gonzalez de Juana et al. 1968) and that it is a

slip-mass of Triassic basement orthogneiss (Kugler 1972). The las




hypothesis is nat boﬁtradibted by the evidence for tufbidites in the
Maracas formation.

There does not appear to be any Maraval limestone in the sastern
part of the Paria Peninsula, but further west the Hofduata Limestone is

. 8xposed in.Fila el Paujil near E1l Pilar. Gonzalez de Juana and associ-
‘ates Map the Horqueta Limestoné in the Macuro formation, but the changes
in width of outcrop suggsst structural axes or thrust;ng. It may be

V:that the Horqueta Limestone is the equiualent_of the'Naraval formation.

In the Cariaquito formation the lowest member is the Guatay, des-

“cribed as quarfzites, phyllités and quartz grabhitic schists. This
mgmbaf seems to fit into the upper part of the Maracas formation. The
Patao limsstones are described as dolomitic, massive to bedded. There
are two limestone sequences separated by schists altogethsr 450 m thick.

" Above the uppser 1imestdne there are beds of gypsum. Sparse fossils
suggest a Neocoﬁian-Barremian ags. The highest member of the
Cariaquifo formation is the Yacua and this consists of cale-schists and
thin limesfones, altogether 630 m thick. Rbove the Cariaquito formation
is the Guinimita formation, 270 ﬁ thick. This consists of sandstones,
phyllites and fossiliferous limestones. A rich fauna indicates
Barremian;Aptian age. . Gonzaléz dé Juana considers the-Patos Limestone
and Pates Conglqmerate to be a reaf and reef talus within the Guinimita
formation. |

| Correlation with Trinidad is difficult if the meésured Venezuslan

- thicknesses are accepted. It may be mentioned that the Guinimita
e*posures are somewhat contﬁrted. .~ Gonzalez de Juana3suggests that
tHe Patao member is correlateable with the Maraval limestones and the
Guinimita formation uitﬁ the Laventille formation. On age grbunds it
seems unlikely that the Patao and the Mafaval can be correlated, énd tﬁe

" patao must be the equivalent of part of the Chancellor--Laventilie--

Toco formations. However there are two possible correlations. . Either

1
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the Patao formation could represent only the Lower Limestones of the

Chancellor formation or it could represent the

Lower Limestones, the

Lowsr Phyllites and the Upper Limestonss of the Chancellor formation.

If the former were true the Guinimita formation would bs équivalent to

-the Upper Limestones, whersas if the latter were trus the Guinimita

formation would be missing from the western part of the Northern Range,

but might be equivalent to the upper part of the Toco formation. Thess

possibilities are shown belowf

Paria, Venszusla . Western Northern Rangs

- Macuro fm.

~_Uqﬁire fm.

Correlation No. 7.

Upper

Guinimita fm. | - Upper
Yacua mbr. Lower

Cariaquito fn. Patao mbr., Loﬁer

Guatay mbr.

‘Macuro fm.’

Ugquire fm.

Horqueta Lst.

Corrslation No. 2

Guinimita fm

‘Yacua mbr. - Upper

Upper

" Cariaquito fm. Patao mbr. . Lowef
Lower

Guatay mbr.
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Phyllites
Lihestones
: Chancellor fm.
Phyllites

Limsstones
Maracas fm.

fMaraval fm.

Phyllites
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' Chancellor fm.

Phyllites
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It is difficuit to decide which of these suggested correlations is
tﬁe bettef. Without knowing what lies above.the Guinimita formation
ws may acbept the lithological similarities between ths Upper Limestones
and the Guinimita formation and note that in parts of the Guinimita out-
crop there are phyllites overlying the limestones whichfmay be equivalent
to'the Upper Phyliites. Therefore the first correlation seems the
better one. It could also be argusd that because Galera formation
~ eguivalent has hoﬁ been_pfeserved in the Paria Peninsula, although présant '
further west, corfe;ation No. 1 is more-likely to be the correc£.one. |

In Trinidad sopth of the Northern Range there éfe‘Lower.C:etaceous
rpcks exposed in_thé eastern part of the Central Rangé. This is the
Cuche formation which consists of dark shales with thin limestones and
. has been eétimated as 2000 to 5000 feet thick (610 to 1525 m). Large,
possibly exotic blocks of massive limestone have been described in this
formation. The Cuche formation resembles the Toco Tormation both in
lithology and palaeontology (Suter 1960). The base of the formation is
nat exposed, and it is thé oldest rock exposed in Trinidad south of the
Northern Rangs. . |

In eastsrn Venezuela theré is a well developed series of Lower Cretaceous
sedimenté.ih the Interior Ranges south of: the Coastal Ranges. These
inglude limeétcnes, éandstones and shaiss and reach some 1200 m in thickness.
There seems to be a tendency for these rocks to start with nearshore
_sédiments‘including lignites and plant beds passing upwérds to marine lime-
- éEdnes and shgies; howeyer the whole succession sgeﬁs to represent shelf
sedimentafion (Guillgume et al. 1972).- |

Siﬁce the observations on the corrslation between the rocks of the
Northern Range and thoss of the Paria Peninsula wers wriffen, a later work
on the geblogy of the whdle~of fhe Paria‘Paninsula has bsen publisﬁed Qy '
"Gonzalez de. Juan et al. (1972) and a copy reached London late in 1973.

From the point of view of stfatigraphy the later pepsr is a step back, and
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~ therefore the comments on- the earlier paper given above seem to be worth
rétaihing. - In the later paper the authors recognise isoclinal polyphase

_fdlding, thch will Be discussed elsewhere, and for this reason thay
refrain from giving stratigraphic thicknesses or stratigraphic columns.
However they maintain ;ntaqt the genefal stratigraphic succession previgusly
published; one would have fh0ught that the relationship between the Uquire

" and Nacuro formations would have been the first thing to come under

scrutlny Folloulnq the recognition of structural complex1ty. The auth;rs

do descrlbe the relatlonshlp between the Uqu1re and ﬂacuro formations as - -

. transitional without discussing the order of succession.

Gonzalez de Juana et al; include both the Horqueta Limestone and the
Yaguaraparo Limestone in the Macuro formation without discussing the
_strétigraphic bosition(s) of these limestones. ' They also move ths
Guatay_member from fhe Cariaquito formation into the top of the Macuro

formation. This is welcome because the Guatay quartzites always did

seem to belong there rather than in the calcaresous Cariaquito formation,
and agrees with tﬁe Maracas-Chancellor fopmation boundary as mappid by the
writer. V

fhe Cariaquito formation now consists of only two members; the
lower; calcareous Patao member with gypsum and anhydrite depositéd locally
(Newman de Gamboa y Gonzalez de Juena 1966), and the upper, phyllitic
Yacua member. The original thickness estimates ars dropped, and the
: ohly figure mentioned is a thickness of some 350 m in the eastern part of
tﬁe Paria Psninsula (originally lDBD m For the two members). This com-
pares very well with the measured thickness of the Louer leestone member'
and the tower Phyllites member of the Chancellor formation in the Northern
Range.

The Guinimita Formaﬁion is now described és being possibly unconform-

able on the Yacua member below it; however the maps do not show this and
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the reason given for this suggestion is the change in grain size and
‘mineralogy indicated by the presence of conglomerates in the limestones
of the Guinimita. This very clearly invites correlation with the
Upper Limestone member of the Chancellor formation. ;? is interesting
that in the western part of the Paria Peninsula the Guinimita conglom-
erates are reported to-contain igneous components and gneisses. This
is the area wheres igneous and metasomatic rocks occur in the Macuro
fopmétion, suggesting erosion of the Macurc formation dgring depositioﬁ
of the Guinimita formafion, Jjust as the quaf£zite cobgles in the Upper

- Limestones of the Chancellor formation may ha&e'been derived from the
Maracas formation. From the descriptions of the Guinimita formation in
.fhe western part of the Paria Peninsula it does appear that these authors
. have included non-calcareous phyllite sections tﬁaﬁ may be the squivalent
of the Upper Phyllité memper in Trinidad or could sven bs the equivalent
of the Galera formation. Altogether the amended stratigraphic infdrm-
ation prbuided by Gonzalez de Jueana et al. in 1972 does help to confirm

cqrrelatién No. 1 shown above.
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Structure

In all thse many accounts of the geology of the Northern Range uritfen
during the last hundred and ten years the structure is very rarely
mentioned. . Only Cunningham-Craig (1907) suggested thét thers were
structural complications. He hypothesised fanifolding with the axis
of an anficlinorium lying along the southern edge of the mountains.

* Thers do nat appear @o have been any systematic structupal obsérvatiqﬁs

and most writsers both'before and after ﬁunninghém-cfaig seem to 5ave

. assumeq that the structure was that of a relatively.éimple uﬁright south
f;ank with the anticlinal axis lying out to sea north of the mountains.

The same kind of concept seems to have been accepted in the Paria Peninsula
of Venezuela, with the exception that Maxwel and Dengo (1951) descfibed

" overturned folding and thrusting in the Carupano area.

Bucher (1952) included Trinidad in his study and map on the structure
and orogenic history of Venezuela, but the sectién on the Eastern Caribbean
Mountains and the Northern Range of Trinidad ié hampsred by lack of data.
.‘Howeva: on a visit to Trinidad in 1958 Bucher observsd minor folds,

* .considered them 'flow folds' end suggested that gravity feolding had taksen

place from south to north (pers. comm. H.G. Kugler).

, In Trinidad W. Brown prepared an unpublished geological map of part
of the Northern Range for Standard 0il Company of California. The
results of this work were included by Kugler (1959) in the Geological Map
.'of.Triniaad, gﬁd a copy has been provided for the_writer. Brown recog-
nised some of the tectonic indicationa-of overturning, bﬁt did not record
the stratigréphic evidence, and so interpreted the structure of that pért

of the Notthern Range as the upper limb of an anticlins overturned to the

south.  He envisaged the range as cut by several E-W wrenches, and




fig.22, Structural sketch map of the area.
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showed different folds within each block. Such fauits-are not mapped by
the writer. Barr (1962) showed a structural cross-section through the
- Northsern Range eést of the present area.  He recognised thrusting but
drew the picture of an upright flank without showing the pverturning in

-that area which the writer has mapped on unpublished shests.

Folds
In the present survey normal and ovértu;hed limbs.were found to be
recognisable. There are abundant structural data but the stratigraphic .
‘evidenée-on which to establish the succession is.vary shérsa indeéd.
.prever all major folds have been based on both structural and stratigraphic
svidence. The structurs is.seen to be that of folds overturned to the
g nortﬁ, becoming recumbeﬁt nortﬁwérds. - Thrusts or slides are associatsed
with fhe foldé. The pressnt majér block-like oufline of the Range has
been determined by later E-U faults. R structural sketch map (%ig.V22)
shows the location of foid axes and major faults. |

| ‘From west to easf the same structural styie can be sesn with changes
taking'place progressively. - Diagrammatic cross sections through the

western islands demonstrate this (fig. 23). Section A runs north-south

across the island of Chacachacare. - Attitudes are flat to rolling; the
general dip is to the south although more or less horizontal Maracas
formation underlies the main northern part of the island while the over-

‘lying Chancellor formation makes up the southern part and presumably lies

under the central bay. Dips steepen to nearly 30° south along the
southern coast. There are many minor folds with axial surfaces flat
or gently south dipping. All minor folds face northwards and indicate

that the wholé island lies on the upper normal limb of a recumbent anti-
cline overturnsd to the north. The hihge of this fold is presumed to
"lie beneath the sea floor .:north of Chacachacare island.

The structure of Hueves Island is similar to that of Chacachacare
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and a sgparate crosg-section is nqt shown. - South dippiné Chancellor
fbrmation~liméstones lie-in the south and more or less horizontal Maracas
formation to the north. - Minor folds indicate that the whole island is
. on the uppsr normal limb of the recumbent anticline overturned to the
north that underlies Chacachacare Islend. This fold will be called
thé Monos Anticline.

Monos Island itself shows an important structural difference which
is illustrated on diagrammatic cross-section B (fig. 23). Dips are
» éomewhat é£éeﬁef than on Chécachacaré and reacﬁ 45é_alqng.§he squth coast.
Thgre is at least one local fold in the Chancellor limestonss of the
southérn bays. Towards the north there is progressive flattening in the
Maracas formation as in Chacachacars. . The most northwesterly exposures
are overturned, at Point au Diable (427831) and ths next cape to the south
(425827). Thié indicates that the hinge of the main fold lies in the
north cliff. On two visits it was not possible to land on the north
cliff to locate the axial surface, and indsed if is doubtful whether one
could climb ﬁp to see it.

The northeastern peninsula of fMono8.island is cut off by a NW-SE
'fault; thé whole‘of the Maracas formation'in this northeastern corner
appears to be overturned. It seems therefore that the fault, which is
. presumed to be younger than the folding, is a dextrai wrench which Has
brought the overturned limb of the structure southwards on the eastern
block. A lateral movement of-about 750 m is s;ggested by ihe displace-
ment of the Maracas-Chancellor formational contact near Chaguaramas but
there must have been at.least 1 km displacenent on_monos island, bringing
',tHe hinge of the main fold souihward into the Chaguaramas area. This
will be called the Morris Bay Fault.

Thus moQing eastward from Chacachacare to Monos the axial eurfgce of
 the Monos Anticliﬁe has risen. . Croséing to the western end of‘@he main

northwestern peninsula it appears to rise further as shown on diagrammatic




. boundary with the Chancellor formation.
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section C (fig. 23). . Part of the upright south flank has been cut out

by the fault discussed above. Most of the western end of the peninsula

"~ 'lies in the overturned northern limb of the fold. There is some con-

trol on the shape and size of the fold because at the foot of the cape
(454843) sast of Entrada Point the overturned quartzites and phyllites of
the Maracas formation are underlain near sea level by interbedded phyllites,

thin limestones and thin quartzites. This is believed to bs the

The succeséiQe sections A, B éﬁdnc'indiéate a pl&ngé to the west
which will be discuséed below. It is difficﬁlt tblestiﬁate the amount
of plungs, but it seems to be in the order of 1 km in iD kms distance.
Tﬁe eastern extension of the Monos Anticline is in doubt. It could
simply die out ot end in a thrust which has not been recognised in the
Maracas formation. | The trend from Teteron Bay northeast to Tucker

valley shown in fig. 22 is based partly on fragmentary evidence of over-

turning in squares 4882 and 4984, and partly on topography. The broad

valley flaors through the Maraval formation have been mentioned abova.

It is)suggested that the alluvium in the broad E£-U yalleyveast of Tucksr

Valley in 5284 and 5384,'together with that iﬁ the bréadening of the.

Diego Martin valley at 5684 may ovsrlis outcrops of erodgd and paftly

dissolved Maraval limestone. This indicates that the axial trace

tr;nding westward from Monos may join the axial trace of the E-W fold

thrpugh Santa Cruz which_mill be déscribed next (the Santa Cruz Anticline).
The upright southern limb is steep and along the seathern edge of

the Range thefe ére near vertical dips ‘in the.Chaﬁcellorlformation and

Norvant'beds as on the Lady Young Road. Dips decrease somewhat nofth-

ward from Port of Spain to MaraQal. ) In'thissnuth flank there are a

numbar of local folds with wavelengths of 100 m to 500 m. Examples

- .occur on the Lady Chancellor Road, 6281, in La Ceiba River, 6183, and St

Ann's Peak arsa, where sastward from 6383 Chancellor formation is found
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presefved‘in an overturned syncline.

The Maraval formation in the core of the main fold shown in section D
has both an upright-and an overturned limb. within the outcrop. There
are local folds and south of Paramin, in 6185 and 6285, these occur as
steplike folds with alternating horizontal and vertical.fianks on east-
west axes 10 m to 100 m apart.

The -overturned outcrop of the Maraval formation is generally steeper
fhan the upright part (except on the North Coast Road), but the overturned
:Marébas fofmation outcroﬁ is markedly flatter than tﬁe'ubright ligb and

_appears ﬁo becoms flatter still going northward. This illustrates the
fact that this fold appears to become recumbent fd the north. In the
overturned limbAlocal folds are not apparent, élthough there are many |
minor.folds. In this sector pf the Northern Range overturned Chancellor
formation phyllites and limestones lis under the Néracas formation, along
the ﬁorfh coast from Saint Cite Bay 6188’t0 La Véche Bay 6689.

The main Santa Cruz Anticline appears to develob two separate axial
traces to the west. " The northern fold appears to trend WNW across
Diego Martin vailey and to reach the sea at Macqueripe Bay (5087). The
line of the southern axial trace through fucker ﬁalley has already been
mentioned as the possible exten;ion.of the Monps Antic;ine. The népthera
fold will be called the Green Hill .Anticline. |

.The Green Hill Anticline seems to plunge to the west, and some 2 kms
west of biego Martin valley the Maraval.;imestones disappear beneath the
Maracas formation. . This indicates that the plunge from Paramin village
westwards is-about 500 m in 7 kms; Aithough it Bas~been sugéested thaf

. Maraval limestones may lie under the alluvium in the Tucker Valley, this
could 6nly be a small oﬁtcrob and does not invalidate ths idea of a
western plunge on the mohos Anticlins. The tentative sstimate of 1 km
~western plunge in 10 kms distance has alrsady been given for this fold

through the western>islands. Uf courss these two very tentatiﬁe'
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estimates of piunge are not propsrly comparable, one being stratigraphic;
'a;ly derived. |

The éubjeﬁt of plunge has been dealt with at some length. Kugler
(1953) supposed that the Northern Rangse plunged to the east because the
Oragon CGneiss lay to thevuest in the Paria Peninsula,.uhile the fossilif-
" erous part 6? the Caribbean group lay to the east 'in the Toco area. This
pannot be accepted now. The stratigraphic positions of both the Dragon
'Gneies and .the Tbco area section haé‘been discussed abovas. There appears
to. be aluestern plunge from the Maraval area fo the Dpagon's'Mouth aﬁd

possibly to the Paria Peninsula where Maraval formation does not outcrop

at the sastern end. There may be other culminations in the Northern
Range as well as that at Maraval. The Apipo arsa some 30 kms west of
Port of Spain may well be such a culmination. The west plunge of the

structures invites comparison with the western tilting in the Quaternary
surfaces méntionéd above. Possibiy the Dragon's Mouth datesfrom the
late Mesozoic as a low feature.

‘The presence of Chancellor formation along the nortﬁ%?%?tiogether
Qith the symmetrical distribution of both normal and overturned limbs of
the other formations illustrates.the fact £hat from Chacachacare island
to the Santa Cruz'area the structufeé consist of true folds albéit over-
turned‘and recumbent. - These folds have both upper and lower limbs
uniike some ﬁappés and major recumbsnt structures sescribed from other
mountain aréas.- From Santa Cruz eastwards there appears to be some
change_ih structural style, and thrusts or slides bscome more important.

Diéérammétic secfibn E (fig. 24):has béeﬁ drawn northward from San
Juan, though the eastern part of the Saﬂta Eiuz area, to the sastern
shore of La Vache Bay. 'Licence has been taken to include-data which
are not exactly on the line qf the section.

The most obvious new feature in section E is the Morne D'or Anticline,

a sacond fold-lying south of the Santa Cruz Anticline. It has a core of
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Maraval iimestone over a distance of some six kilometres. At the
Mwestern end, and abpaféntly also at thé eastern end, it appears to be a
true fold with an upright limb, but in the middle of the outcrep the
upfight limb has been.covered by Maracas formation and only the overturned
limb of Maraval limestone is exposed. A slide is hyppthesised, but

- direct field svidence is lacking. A syﬁcline of Chancellor formation,
overtufned and thrust,Ahas been interpolated intq fhe section betwsen

this southern anticline and the main structure.

The:aimple_Santa Crui Anticline changes to the east. and splits into .
two folds just as it.éeems to do to the uést. -- Héweﬁer»thg sastern
folds seem to be associated with slides which have ogerthrust part of
the Maraval formation outcrop. Further east- the northern fold cannot
be followed, but the southern fold can be seen as the overturnea outcrop
of Maraval limestone continuing eastwards outsids the mapped area. It
is usual in the central and eastern parts of the Northern Range to see
only the overturned outcrop ﬁf the Maraval formation.

The_lowermost beds of the Maracas formation in most places are
.graphitic mica phyliites and must be relatively incompetent wheﬁ cbmpared
with the massiye‘limestones below them and the bedded quartzitss above
them. It is suggested therefore that the upper limb of Maraval limestone
does exist underground and that the slide occurs in sither the phyllites
at ‘the base of the ﬁaracas formation, or in the calcareous phyllites at
the top of the Maraval formation, wﬁera collapse structurses have been
noted.

We éan see the effect of these slides af_the formation boundary, but
there may be unrecognised slides and other structures in the outcrop of
the Maracas formation which cannot be located because of'poor lithologigal
control. This is one reason why the relatively simple stru&ture of
the Maravalvarea is important It can be checked bscause of the high

number of exposures and this has allowed the construction of stratigraphic

columns, and type sections.
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At the'northepn,end of cross-section £ a thrust or slide occurs.
Over much of.its length it lies in Maracas formation and is difficult to
" follow. - On aerial photographs there is a marked change in strike
acraoss this thruét and in La Vache Bay, as shown in the section, the
Chancellor formation is caught up in this feature. Tavfhé_east it is
}difficult to locate thig slide accurately. A similar slide occurs at
Las Cbevas_(fig. 24, F) but this may be the eastern continuation of a
line of dislocation which roughly fqllows fhe ;ine of the nsw. road east
;of ﬁaracas'Bay and has been mapped .as é slide. It-ié interesting.that
- there haye been several large landslips along this section of the road
(Plate 42). | On the whole this southern slidé seehs to pass westwards
uhder»the alluvium flooring the valley of the Maracas Bay River and then

westwards to a point on the North Coast Road at 668893 whers truncation

of several units océurs._ Unfortunatsely the evidence was not strong
enohgh to map that part of the slids. However the two slides may
join under Maracas Bay. In passing one notes that one of these slides

lies along tHé boundary of thé Chancellor formation phyllites and lime-
stones, while the other follows a zone of slates and graphitic phyllites
in the Maracas formafion. There appears to be lithological control
in_the locationiof thesé surfaces of failure.

It may be significant that as.opposaa to the situation whers a
simplelanticline without much sliding occurs as in tﬁe Maraval area, it
is‘whére_a second anticline develops, as in the sastern part of sheet 13,
thaf we also find extensive sliding or thrusting not only in the.core of
the main'strﬁcture but also in boﬁh nortﬁ andisoutﬁ flanks. .Perhaps
one may think that the additionél strucfure in maréval limestones has
produced increased stresses leading to failure on ssveral surfaces
rather than simple folding. On ths ather hand increased stress may

have produced a second fold and more sliding.
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Althoughxéheet 3-énds at the western end of Las Cuevas Bay it was
thought thaﬁ'it might be interesting to shou diagrammatic cross-section F
in fig. 24 (Potter 1972) which runs N-S a few kilometres east of the edge
of the map. At the south end nsar St. Augustine the Chancellor
formation»is.overturned to the south then turns over northward. = The St.
| Aﬁgustine structure may be a separate fold overturned to the south
formihg a fanlika feature, but this question will not be dealt with now.

. On the‘high peaks of the range horizontal beds of Margcas formation are
fouhd inyérted énd sﬁowing overturniné to the north. - .maraval‘limeétoné-
is even found isolatéd on one peak. uhethér.this.repreéenfs'a klippse,
the axis of the éold, or an exotic block is not clear.

Further north again at Laé Cuevas in a seriss of large good exposures
of Maracas quartzites and phyllite sketched in fig. 25 we find that a
combination of several graded beds and.mgny minbr folds indicates a
downbent fold as shown on cross-section F. One of the thrusts'msntioned
above is seen north of this, and then at Abercromby Point lies in the
invérted limb of the méin recumbent fold. It is interesiing to recall
that bau*ion Lavaysse (1813) thought that the rocks at Las Cuevas might
provide thejkey to understanding the geology of the Northern Range.

.kThe strqcture of the Northerananée at depth is not entirely certain.
Pr?sumably the upright south flank root zone can be safely extrapolated
to a depth of_some kilometres, but the nature of the beds bensath the over-
turned north flank is not clear. The youngest overturned beds are in
the lnwer’Limeétongs of the Chancellor formation. There is no evidence
~that thelwholé of the Chancellor formation is.pregent ouérturned under
the.nofth coast. Certainly farther east the Galera formation and
Chancellor formation outcrop in a different structural sfyle - upright
asymmetric folds. It is possible that thé ma jor part of the Maracas'
. formation in the overturned limb has slid northwérds on the incompetent

beds of the Chancellor formation. At depth under the north coast there




may be upright Maracas and. Chancellor formations separated by a slide
frdm'the overturned limb. It is always possible that Galera formation
could underlie the overturned recumbent l}mb, but for other reasons
discussed below it is suggested that the main folding may have preceded
the aeposition of the Galera formation, so that only thé bhancellor
formation and older beds can be expected with cértainty.

Thé structure.in ﬁhe outcrop of the Laventille formation appears to
be quite different from that in the main rangs. Fold axes trend ENE-

: QSM.— the brevalent trend in the Cretaceous éédimenté 6fithe Servania del
rInterior.of Venszuela, and in the Central Range of Trinidad. The folas
seem géngrally upright with steep to vertical liﬁbs. The synclines of
Morvant beds appear less folded than the surrounding Laventille formation,
presumably because of the unconfo:mity separating‘the two. There may
be more faulting than has been recognised by mappiné; the exposure of
gypsum near St. Joseph (727779) and the éeported older exposures appear
to lie in an east-west line that could be another fault in the El Pilar

Fault system.

Rlthough it is possible to relate th;s fold pattern to movement
between individual faults of the El Pilar fault system, and to suggest
th;t dextral - wfénch movements havéAled to the-formation of ENE—Wéw fold

axes, this is probably oniy one aspsct of movement within thess fault
blocks. There are more'complicated folds such as minor recumbent folds,
overt@rned to the south, in the Morvant area, whicﬁ méy be related to
vertical merments on the San Juan fault. It has not been possible to

work out the details of these folds in the abéence of sufficient clear

unweathered exposures.

History of Folding

There are only a few refolded folds exposed.  This may be due to

poor exposures, but that does not seem likely. In the south flank of
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fig.26. [Examples of refolded folgs in the Chancellor:
formation on the Lady Young Road. '




.fhe Range ﬁhere»ié,éuidenca in a number of exposures, sspacislly along
the.Lady.YéunQ Road, that as the main folding Beveloped, minor folds were
_refolded on essentially'the same east-west axes as shown in Fig. 26. The
early axial surfaces are folded, the later ones are verticalunfold
Thers is some indication of later folding almost at right angles to
the predominant minor folds. This is éeen as a gentlp warping along thé
éouth flank of the Range, edpecially well exposed along the Lady Yaung
Roadvin-Chancellor formation. . This warping seems to be later than the
. main‘fo;ding,
On Saut d'tad Island there is.one example of an 6vérturned fold-whiéh |

, haé been refolded byla fold at right angles, bdt this was the only

exposure showing this.

Cleavage

Ovér most of thé araé éleavage is'nﬁt an obvious featurs, even in
good unuweathered exposures. In the southern upright limbs of the folds
the cleavage often appsars to be parallel to bedding surfacss. However
in a few exposures we can see the two surfaces cutting one another. In
a feﬁ exposures of slates and in some sequences of interbedded phyl;ites
and quartzites there ars inﬁicetions of folding before the development of

cleavage.- In all casses the cleavage seems to be parallel to the axial

surfaces of the minor folds. ‘This éuggests that the 9leauage developed
at the same time as thé : +folding of the first minor folds.

in one exposure at 471806 west of Chaguaramas crenulations are‘well
developed in.tﬁe steeply dippiné Upper Phyllites of the Chanceilor
_formation'(Plate 27). This is the only cfenulated exbosure on the
south flank of the mountains.

In the overturned northern flank cleavage isldevelbped rather more
cleaply. "~ The thick quartzites often ﬁaue cleavags and when thin phyilites

horizons are present, the cleavage is seen to be flatter than the bedding.
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Crenulations occur both in the averturned Chancellor formation and in the
- overturned Maracas formation, but clear crenulation tleavage has not besn

. observed ‘in this area although it is present further east.

Aqointing
Jeinting is common, eséeéially in the thicker quartzites. In the
© Maracas formation it is suggested that major joints have determined the
,cburses of many'minor streams and a number of cliff-faces such as the
major N-S 6liff over mhibh the Maracas Waterfall tumbles'(743864)§ . Bﬁ
far tﬁé major number of joints are approximately N—S ana nearly vértical,
and'can‘be considered as ac-joints. Quarti filling of these joints is

common.

Faulting -

The part piayed by slides has already been mentioned. They appear
A to be south diﬁping and frequgntly‘cut out the southern upright limb of
Maraval limeséone in the main folds. There does not seem to bé any
brecciaﬁion,connected witﬁ.these slides but contoftion of bedding is
coﬁmon. . The poor expasure of these features suggests that there may be’
other slides unreeognised during maﬁping. -fhese féatures appear to be
contemporaneous with the last pﬁase of thé main folding.
There are a.few_relatively small dextral wrenches trending NW-SE.
| These'are the same tfend as the Grande Riviere Fault (Barr 1963) and the
Los Baj§§ FéUlt (Wilson 1958). There is some tehdenpy for'these faults -
.to-turn E-U at fheir éouth éﬁds. The Morris Bay Fault running from Monos
Island to the Chaguaramas area, with about 750 m to 1 km ;ateral displace- -
menf; is one of thess and has already bsen mentioned. -
Although it may notAbé obvious from the geological mép_the shape of
thelNorthern Range séems to bé controlled by the E1 Pilar Fault system.

One important branch of this‘fault system separates the Laventille limestone




from Chancalldr formation north of Pﬁint Gourde and Gasparillo, then
péssing underlpqrt of Spain trends eastward separating the Laventille
‘formatibn from the more metamorphosed rocks to the north, here named. the
San Juan Fault. South of this, under the Gulf of Paria and the
alluvium of the Caroni River valley, there are at léast.tgo other parallel
fauits which.were iocated by unpublished reflection seismic work and by
structufe drilling; All three faults appear to be dounthrown to the
south, The second fault is shown on the sketch map (flg 22), but
'thavsouthernmost fault of the three lies off the area shown in fig. .22.
.Drilling_across‘this third fault showed a minimum throw of 1750 m down
to the'sputh'(fig. 27). These data will be diécussed below.

" The linear outline of the noftﬁ coast looks as if it must be fault
controlled, but evidence for east-west faults is difficult to see. .A
normal fault with approximately 200 m throw down to-the north lies between
_the north coast and Saut d'fau Island, aﬁd other similar faults have been
observed to the sast outside the mapped arsa. But large scals faults
have not besn observed onshore; Bassinger et al. (1971) record E-U
faulting_along the northern edgé 6f the‘mohﬁtéins with younger sediments
downthroun on the north against £he metamorphic rbcks of the Northern
ﬁanée. ~ Ball et al. (1971 a and b) describe similar faulting én a
large scale north of Venszusla.

The E1 Pilar fault system was named by Liddle (1946) and originally
mapbed in northeastern Venezuela, whers it separafes the Aroya and Paria
‘peninsulas from the Serrania del Interior. It is intersesting that the
'idea of faulting here was first suggested by Alexander‘vonAHumbéldt who
visited the area in 1799. The fault crosses the Gulf of Paria and is
fhe mos£ important factér in forming the southern boundary of the Northern -
.Range of Triniﬁad._ | Finally éfter reaching the east coast of Trinidad
it appears to continue out to sea (Bassinger et al., 1971); Liddia

(1946) and other writers e.g. Barr (1955) used the name also for the




western ektensioﬁ of this fault under fhe'Caribbeaﬁ Sea and then into
Qofth centfal.Venezuela, but now the name E1 Pilar is chiefly used to
describe the fault sysﬁem sastwards from Cumana, Venezusla. This
fault syéteﬁ appears to be important in defining tha'boundary batween the
Caribbean plate and South America. Hess.tlQSB) suggested that the
Caribbean had moved eastwards with respect to éouth America and that the
él Pilaf Féult system was therefore a larges scale wrench. Rod (1956)

' analysed.the faults of northern Venezuela and concurred. Alberding -
(1957)'went furthgr than the suggeétions of lDDelSO_kﬁs lateral movement
already made, and suggested 475 kms. Hﬁwevér these sizes of displace-

‘ment are difficult to see and Metz (1968) after mapplng the E1 Pllar area
in some detail was led to conclude that lateral displacement on the fault
zone was probably 10-15 kms and might be as little as 5 kms. Ppotter

- (1968b) was able to describe a vertical throw near Port of Spain, but
'waé unable to show'lérge lateral displacément, and suggssted evidence
for no post-Pliocens lateral movement.

The well data obtained by drilling two deep holes across one part

of the E1 Pilar Faﬁlt system are unpublished, but the results.uwere
included in the cross-sections accompanying the Geoloéical Map of Trinidad,

Kugler (1959) and illustrated in fig. 2?. Briefly, one well (bomoil

Laventille No. 1) drilled through 2200 fest (670 m) of gravels and then

bé;ded sands, presumably Plio-Pleistocene, then encountered 300 ft (91 m)

| limestones and then phyl;ites and-shaies whica appear to be Laventille

formation or Ctche formation to a total depth of 7523 feet (2287 m).

.IThe second wéil (Domoil Puerto Grande No. 1) &vkm‘to the SE i.e. 2 kms

across the regional strike, encountered gravels, bedded sands and cléys

and then méssive conglomerates to a total depth of 7922 ft. (2417 m).

The lowest beds in this hole did not appear to be older than Upper

Miocene, therefore depth to Lower Cretaceous is unkrouwn, and the throw

on the fault betwsen the holes is at least 1750 m. Structures in corss
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“from the nbrthernmos£ hole suggested folding overturned to the south.

The necessity of:using‘data outside the mapped area and of referring

.to unpubliéhed data is regretted, but the regional nature of the faulting
requires it. - South of the faults mentioned above there is a major fault
lsystem downthrown to the north (fig. 27);' This forms a linear graben
alohg the south sids of. the ﬂottharn Range, the existence of which has
been concealed by tﬁe alluvium in‘the Caroni wvalley. In this graben
.conglomerates Have accumulated to a thickness of some 2400 m from Upper
«fmioeene, tb Quafernéry time. These conglohérates inﬁi£e comparison with

.a similar feature along the ‘San Andreas Fau;t,‘the Violin Conglomerates;
and could be taken as some evidence for lateral ﬁouement, but they might
equally well be deposited in a subsiding fault trough. It seems un-
likely that enough palaeontologicél or lithological information will
become available to study these conglomerates in tﬁree dimensions, to
answer this question. The conglomepatés thin very rapidly south of the
graben ‘towards.the Centrasl Range.

It is interesting that the concealed graben south of the Nérthern
RangeAshould be so like the depression separating the Coastal Ranges of
Venezuela (Arafa and Paria Peninsulas) from the Interior Ranges, the
Cariaco Trough, and also the submarine graben in Unare_Bay west of Araya
Peninsula Mapped by Ball et al. (1971a and b).

One line of thought gives éome evidence about lateral movement, on
‘the Ei ﬁilar'fault; | There are a number of buried conglomerate fans
at shallow depth beneath the alluvium of the Caroni plain, along the south
'eide of the NorthernIRange. . Theré is no cléar evidencs of agé; but |
they must be earlier than Qdaternafy. It is belisved that they may be
equivalent to sands in fhe upper p;rt of the Talparo formation; present
in the San Raphael area some 25 kms SE of Port of Spain, i.e. probably

Upper Pliocene (fig. 27).

>These piedmont fans are located (a) at the mouth of the Diego Martin
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‘River, (b) under Port of Spain in line with the Maraval River, (c) opposite

the mouth of the Sén Jﬁan River and (d) south of St. Josebh where the river
makes a bénd.' In svery case these presumed Upper Pliocene fans lie
opposife the rivers that must have brought the sediment. It seems théré-
fore that there can have besn no lateral mpdement since.Upper Pliocene
time. |

More evidence dating tﬁe last ﬁovement of thejfaulting can be found

in the San Raphael area, where sands in the Talparo formation are faulted

by the fault forping the southern bopundary of the‘graben.mentioned above. .

‘As shouwn in fig. 27 the lower sands in the Talparo formation are faulted,

but the upper sands are‘not. This appears to date the last fault move-
ments as Upper Plidcene. The measured movement on this fault is of
course vertical, but isopach studies suggested that there may have been
#inistral.horizontal displacement.

It had been esxpected that small scale field featurss like minor folds
might shouw the extent of horizontal displacement. " Unfortunately in the
western part of the Northern Range small scale structures along the line
of tﬁe San Juan Fault do not show eny indications of horizontal movement
at ali. It is interesting that in the Northern Range as a whole the
besf indications of lateral movement are in the extreme south eastern
part, a£ Matura Point, along the south side of the point for 500 m.
In;bedé ﬁverturned to th; north there are many reclined folds all sugges-
ting that the northern beds have moved eastwards. This could bé indica-
tive af an E-W wrench south of Matura Point, underwater.

Summing up, there is no clear evidgnce of lateral displacemsnt on
the E1 Pilar Fault in Trinidad, but there is evidence.of vertical movement
both on the northern and southern edges of the Range, which has left tﬁe
Nofthern Range standing out as a linear block. The faulling appears to

have besn completed by prar Pliocens.




Southern Slides

In his study of the E1 Pilar area Metz (1968) describes the outcrop
of a thfusf zone along the lins of the E1 Pilar fault. The thrust
carried - metamorphic rocks southward, and somé of these now lie as

klippen on the Cretaceous rocks of the Serrania del Interior. - Thrusting
predated movement of the El Pilar Fault. No such feature can be recog-
nised inp Trinidad on that scalp. The slidés already described appear
;to have an;opposite sense of movement.» There are howeyer features
which do appear to haye slipped southward ana-which it.is difficult to-
"distingquish from thé superficial collépse Featﬁrgs of the mafaval'areav
which will be described separately below.

Near Carenage in a side road at 544813 (plates 44 and 45), in badly
weatheréd phyllites and quartzites of the Maracas formation, there is
slide plans dipping 17° south. There is fault gouge 20 to 50 mm thick
and below the plane the beds are broken and incoherent. Above the pléne

the beds are reasonably reqular but folded sharply. This is an isolated
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feature and could be (a) a superficial collapse structurs, (b) an indication

of evaporites in the Maracas formation which have since dissclved, (c) an

example of south dipping slides along the southern edgs. of the Northern

Rangs.

There is one other example of ‘southward sliding, on the Riverside

Road east of St. Joseph at 735787. In weathered Maracas quartzites and -

phyllites a flat dislocation plane suggests éliding to the south or south-
. west. It:may be significant that both these exposures lie on the up-
thrown side and close to the .San Juan Faqlt o%'the El Pilar Fault system.
It may be tﬁat these features, unuswal minor folds described in the
Morvant area, the thrust zone described by Metz (1968), and the slumping
described by Ball et al. (1971b) in the-sédiments of Unare Bay are all'
fgaturas formed by slumping of;incompetent'beds,along these faults of the

El Pilar system which have such large vertical throw.
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Metz also suggested that based on his observations in Venezuela, the
'southern_edge.of the Northern Range of Trinidad might not be controlled
by the El Pilar Fault 'system, but by southward thrusting. He further
suggestgd that the El Pilar Fault system might not extend to Trinidad.

This contention does not seem to be true - the El Pilar Fault system

ddeé appear to form the southern boundary of the Northern Range of Trinidad,
‘ although the different component faults have bsen obscured by later piedmont
) deposits, terraces and aliuvium.

Although sbuéhwérd thrusting is not really obvious.aiong fhe soﬁthefn
edge of the Northern-Range, there is a majér cﬁange7from ﬁofﬁhward over-
turning and thrusting in the NorthérnIRange itself andvthe uniQersal south-
ward overturning and thrusting everywhere to the south. The axis
between the two directions must lie very closs to the southern edge of
the Northern Range, because in the subsurface south of Laventille as
mentioned abbve thefs was evidence for this, and in the Northern Range
'itself east of St. Joseph there is overturning to the south as shown in

diagrammatic section F, just off the eastern boundary of the mapped area.

Superficial Collapse Structurés

In the Maraval and Santa Cruz arsas in the upper part of the upright
limb of Maraval limestones there are é number of minor structures which
appear to have bsen caused by the sliding of the upper beds southwards.
'fhey ao not iook like hill creep. Typically movement occurs on a gently
south dipping blane. These exposurses are of beqded limestones with some
.interbedded phyllites, and they are ali weathered. Thé beds involved
in fhese structures have bscome broken and incqherenf, suégesting that
these-structures occurred late in the geological history of the area.

This is particulafly noticeable because in nearby exposures are Qﬁrigh£

minor structures formed by coherent beds.




In the Saddle arsa at 644847 there are open upright folds which
seem to haQe.been contemporaneous with the coliapse structures. It is
‘suggested that these upright folds were caussd by the upper Maraval beds
slipping southwards against the resistant mass of the Maracas formation.

.The reason for these collapse features being so localised is not
.clear. This could be an area where weathering is particularly strong,
but it is also suggested that there may have been evaporites in the uppar

. part of the Maraval formation, which have been dissolved leading to

collapse.

WAM UHIVE,
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.Metamorphism and Petroiogy

Although'the rocks of.the Northern Range of Trinidad have always

" been described as-metamorphic, it is clear'that the original sediments
have been less altsred here than in the more westerly parts of the
‘Caribbean coastal ranges. Iﬁ is only in limited arsas that.the rocks
sgem to reach a gradé of metamorphism that could bé des:c ribed as green-
schist Facies. Yet all ths older pelitic rocks have been sericitised
and 'appear as slates or phyllites, practiéally all the .limestones have
beeﬁ reﬁrystallised, and all the quartzites shouw metaﬁoréhic textqreé.

:In addition grapﬁite has developsd in the carbonaceous ﬁhyllites, and even
the pollén and spores have been carbonised as was shown in a palynological
study that Shell-oil Company kindly carried out on 80 of the writer's
samples ffom the Arima area immédiately to the east of this one.

.In view of the low grade of metamorphism it is suggested that texture
may be more important tham mineral composition when considering the
Caribbean grouﬁ in the Northern Range.

'There does seem to be a systematic variation in the metamerphic
grade of the Caribbean group in this area however. The older rocks
seem to have been more metamorphosed than the younger rocks, and the
Morvant beds in pérticular seemifo have been léss affected than all the
older rocks. This suggests that £he process of metamorphism began
after deposition of the Chancellor formation (? Lower Cretaceous) and
before theAdeposition of the Morvant beds (? Upper Cretaceous). There
is also increasing metamorphism from sogth to.north; but whether this is -
a regional change or whether it repfesents thé difference betwsen the

upright and the overturned limbs of the structure is a matter for further

consideration.

. » . _
Toue gresenschists occur along ths North Coast Road in the overturned

Maracas formation and are particularly well exposed at the 3% milepost

(660885). Scattered localities in the northern part of the area.appea:
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to contain minor amounts of chlorite in the finer quartzites but there is
no overall impression of a green colour, and the two exposures of epidote

greenschists believed to be tuffs, (a) on the North Coast Road at 647868

" and (b) at 553874 are markedly different from other ‘exposures. Chlorite

is preéant in several samples of Maraval limestone and also in a quartzite
in 'the Chancellor formation from the southern part.of the area, as well
as occurring as a rare mineral more widely.

The petrology of the limestones and marbles from the different

formations shows differences which must be dua-partly'to differences in

original composition, but which may be partly due tﬁ differences.in meta-
morphism. The Maraval marbles are almost entirely recrystallised and
show granoblastic-polygonal to granoblastic-elongate texture. Grain
gizes are commonly 20p x 100pn, but coarse samples have grains up to 700p
in diémeter. Sericite is common in very undulating horizons which may
represent the original bedding planes. As mentionéd above in the strati-
graphic descriptions, two thin sections of Maraval marble out of the 26
examined were incompletely recrystallised and showed signs of fossil
relicts including possible csll struéture, Dr.Elliott has confirmed
the presence of algae in the Chancellor formation, but did not find any
that could be used to date the formation. Sparite and quarti ars
presen£ in most of the Maraval samples, the former as veins and the latter
both with sparite in veins and also as grains and jrregular patches.

Pyrites is avcpmmon accessory mineral.
‘THe Chancellor limestones are also generally granoblastic-elongate
marbles but they are less pure than the Maraval marbles and contain bands
' °

of quartzite, muscovite and occasionally biotite. Albite and pyrites are

commen accessory minerals; carbonaceous bands, possibly graphite, occur

 in some samples. . Some quartzite beds show mortar structure; qdartz.

porphyroblasts up to more than 1 mm diameter occur. = The micaceous laysrs

seem to have controlléd recrystallisation of theAcaldite, which doses not»
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usually become as regular as in the Maraval formation. Although the
omerturned Chancellor formation samples from the North Coast do show
ampreciably more.contorfion than those ftom the southern part of the Range
there is no appreciable mineralogical difference except for the occurrence
of scarce chlorite in one sample from Saut d'Eau Island. 36 thin
sections of Chancslior limestones were examined.

These descriptions suggest the basis for the writer's contention that

in perhaps nine out of ten cases it is possible to distinguish betuween

Maraval limestones and Chancellor limestonés in thin section.  The dif-

ferences are due to differenceé in original lithology.aﬁd not to differences
in metamorphism.

When the few limestonés in the Maracas formation are examined, dif-
ficulties arise in distinguishing them from limestones in the other
formations. Four samples from two thin limestone beds in the basal
part of the Maracas formation south of Biue Basin River (580865 to 592864)
appsar very like the Maraval limestones, and despite being in beds only

1.5 m and 4 m thick are rather pure granoblastic-slongate marbles, with

~ scattersd gquartz and rare chiorite. In the case of two thin limestones

near the top of the Maracas formation on Lady Chancellor Road (627818 and
628816) there is very little similarity to the nearby Lowser Charnceilor
lime stones. One sample is a granoblastic-polygonal marble with porphyro-

clasts of sparite and quartz, that resemble recrystallised and replaced
. 7 .

. fossils. . The other sample appears to be made up of 50% guartzite and
50% ferrcan calcite and dolomite. This is rather unusual becauseAdolo-
mite is very rare in these limestones and mérbles, In connection with

thié last statement it should be added that %stained peels were made of
various samples of limestone from the Arima area immsdiately east of that
now described and dolomites were not found in these samples.  Furrer’
(1968) recomded dolomite in one of the writer's samples from further

north near the village of Brassc Seco some 20 kms to the sast. Ths




105

yavent;lle limestones ére guite different from tHe<Naraval, Maracas and
Chancellor limestones. 26 'thin sections of Laventille limestons were
9§amined. Although some samples appear as largely recrystallised
granoblastic-slongate marble, other samples seem to be still micritss.

Yet others are in the proeess of recrystallisation. These last
samples conéist of a-ground-mass of coarse recrystallised material perhaps
20-50u in diameter, containing whisplike aligned relicts of micrite

showing rotated and contorted tips. Fossil fragments are common;

shell fragments (possibly rudists), cellular material which ﬁayAbe algal,

recrystallised foraminiferal tests; and echinpid spines'usually recrystal-

lised, are all seen. Samples of oolitic limestons occur in which the

~ooliths have been distorted to ovals. One rudist-bearing limestone had

the shells not only aligned but cleariy elongated.

One of the mést;étriking differenceg between the Laventille limestons
and the other limestones is the fact that while the flaraval, Maracas and
Chancellor limestones all appear to contain quartz in appreciable amounts
(5-50%) as veins, bands, clusters and individual grains, the Laventille
limestone contains no quartz in other than trace amounts. It sesms
therefore that although differences between the limestones of the Norfhern
Range must be ascribed largely to differences in sriginal compoéitipn,

the poéitibn of the Laventille limestone is different; it has not been

-metamorphosed in the same way as the other rocks, and it has not besn

injected by mobile quartz as the other rocks were, during metamorphism.
Ingufficient thin sections of slates and phyllites have been examined
to form any conclusions, but those few did ﬁof appear to be rewarding.
Both ﬁoilection and cutting were hampared byoweathering and by poor |
exposures. |
ThQVQUartzitas from the different formations present a sdmewhat con-

fusing picture. On the whole, Maracas quartzites appear to be finer

grained than Chancellor quartzitss; and Norvant'quartzites appear to be
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'coarser_than aither Maracas or Chancellor quartzites. In the field

one of the criteria svolved for picking the boundary between the
Chancellor’formation and the Morvant beds is the coarseness of the
guartzites ; and it ssams to work very well.

However, all three appear roughly simiiar in that ﬁ&rta: structure
is common; Bandslof,sericite Qith occasional hiotite, and chlorite
as mentioned above, ocecur in the Maracas and Chancellor quartzites, and

do provide a point of difference from the Morvant beds. As regards the

diffarénce between the Maracas and»Chancellof; the latfer is somewhat

. coarser, and quartz éugen up to 1 mm in length occur. But whether this

diffarence is dus to original grain size, or whefher the quartz in the
Maracas formgtion has been more reducsd in.size by dynamic metamorphic
processes is.not clear.

It is concluded that in this part of the Nortﬁern Range we are seeing
the results of dynamic metamorphism whicﬁ took place Qithout deep burial
and without the development of the temperatures which would be expected
during regional metamorphism. | Metamorphism seems to be confined to the
'block! of the Northsern Range, limited to the area north of the El1 Pilar
Fault; ‘ It ig difficult to understand this, because thg fault is, of
coqrse,}yOunger than the metamo;phism. It may bs coincidence that the
fault lies along the southern limit of metamorphism, but this line coin-
cides with thg root zone of the original folding along which uplift
occurred, and so it may-have been the limit of metamorphism and also the

locus of future faulting because it lay at the junction between folded

 rigid rocks to the north, and sediments to the south. In Venezusla

the boundary between the metamorphic rocks of the Coastal Ranges and the

Cretaceous sediments of the Interior Ranges (Sucre group and Guayuta group)

also seems to lie along the El Pilar Fault, although Metz (1968) thought
that the rsal boundafy may be a thrust. If is suggested that the thrust

ma& have .caused some local metamorphism leading Metz to that conclusion.
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metamorphism-seéms to have affacted the fMaraval, Maracas and Chancellor
Forhations equally, and to be most advanced in thé areas whers tectonic
aéﬁivity was most pronounced. These areas lie in the overturned
northern limb of the main structure and also in some of the local folds
of the southern limb, and near the major slides.

As menﬁioned abovey, the Morvant beds are less MBtamorphosed than thse
older beds. This leads to the conclusién tﬁat metamorphism mainly
occurred during the folding.of the older rocks of the Caribbean Group,
which must have been bost-Aptian and.pre-mgesfrichtian. ‘The morvaﬁt
beds were then laid down on thé metamorphosed énd falded older rocks,
and‘further fold;ng took place. It seems reasonable to exclude the
) Laventille>formation and the Morvant beds from the metamorphic rocks of
the Caribbean Group, the former by reason. of location,.the latter becauss
of-stfatigraphic position. Unfortunately historical usage prevents their
removal from the Caribbean Group.

In the Toco area (Barr 1963) at the extreme eastern end of the
- Northern Range, we find Toco formation (Lower Cretaceous) folded with
Galera formation (Campanian-Maestrichtian), all unmetamorphosed; At
first sight this appears to cast doubt on the proposed Cretaceous age
for hetaﬁorhhism. - But these fossiliferous sediments all lie eést of
the Grénde Riviere fault where lateral movement has caused the juxta-
position of fossiliferous sediments to the east ang metamorphic rocks to
ths west. "~ In the eastern part of the Northern Range, west of the Grande
Riviere fault, Potter (1968) Has mapped upright folds of Galesra formation.
Tocq/théncellor formation occurs in the cores.of some of these folds.
Herver the presumed Lower Cretaceous rocks :re always contorted and
moreover Galera formation is never found in the ovefturned limb (or the
mainvupriéht limb) of the maip fold. Thereforé it is suggested that.
these major recumbent folds with their-accompanying metamorphism predated

the deposition of the Galera formation.’
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“In theAPariajAraya area of northeastern Venszuela various igneous
“and metasﬁmatiq rocks occur. The Dragon Gneiss mentioned above has
" now besn mahped as a’paragneiss.and the transitional houndaries described
(Gonzalez'de Juana st al. 1972). There are other smaller outcrops of
similar gneisses in the Macuro formation wést of the Dragon gneiss.

In addition there is the El Mango-Dona Juana Igneous Complex composed of
granites; gneisses, hornfelses and migmatites. Near the northern coast
is a line of small outcraops of serpentinites, which the writer has observed
to be iﬁtguded by?at‘iéast two genérations of basic_dykés.‘ There are
also greenschists in the Macuro formation which may be metavolcanic like
those in the Northern Range.

--Sd far no igneoué intrusions or gneisses have been found in the
Northern Range. Alfhpugh new small exposures may contradict this state-
ment, they could only be very small exposures indeed. It is felt that
the lack of igneous and metasomatic rocké in the Northern Range réflects
its greater height above the orogenic magma chamber, if indeed any
magmatic activity occdrred here sven at deptﬁ.

»Houever, met a morphism throughout the Araya-Paria area is described
generally (Gonzalez de Juana et al. 1971, Rodriquez 1968) as regionai
metamorpﬁiém in the greenschist facies. This suggests that altﬁough
tha gfade.of metamorphism may be higher the process may Ee £he same.
Goazaléz de Juana et al. (1972) consider that the Guinimita formation
(Upper Limestones member of the Chéncellor formation) is less metamorphosed-
than the underlying formétions. One notices that when describing an
area of ths Cbastai Ranges further to the west Oxburgh (1968) recognised
thé difficulty of supposing burial and élevation as agents for regioﬁal
metamorphism along & narrow strip, aﬁd suggested geothermal activity along

a narrow belt as possibly the explanation.
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Geological History

The earliest'episode~that can be described in this area is the depos~

~ition of the Maraval formation. 'This must be dated as pre-Tithenian and

in view of the general picture of rapid sedimentation it was probably
Jurassic, although it could be somewhat sarlier. The Maraval formation

consists of relatively pure limestones and marbles with reef devslopment

~ common especially in the lower part of the formation. There is no clear

change inlfécies from one part of the area: to énother -~ in fact there is

no change eastwards over some 60 kms. It seems therefore that the
Maraval formation was laid down in shallow clear water on a gently sub-
siding floor. This may fit with the idea of a Jurassic date for the

opening of the Caribbean Sea (Freeland & Distz 1971, 1972). UWhatever

“the shape and extent of the new sea formed here, it does seem to have been

relatively shallow, quist and without major sources of sediment.  The
Maraval formation appears to have been deposited at the same time as the

other Jurassic sediments along the northern edge of South America - the

first post-Palasocene marine sediments in the area (the Permo-Triassic

rocks are continental in origin) laid down in the new Caribbean Sea.

A.change took bléce late in jurassic time. In the sea floor'a sag
developed along the northern edge of South America, and in this trough
some 1.5 to 2 kms of flysch were deposited largely}as tﬁrbidifes from a
northern_source. Contemporary volcanic activity oacurred.north of fhe
flyscﬁ troggh. There is no clear‘evidence for bontemporacequs deform-
afion of these>sadiments, the Maracas formatgon, élthough possible exotic

blocks suggeét some movement. The development of this trough does not

seem to be evidence for any closing of the Caribbean such as the presence

of a subduction zone would suggest. The question of the northern source

material ié’interesting;n It can hardly héve been either a bulge in
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the new Caribbean marine crust, nor yet an igneous or purely volcanic
upwelling. It must have been part of a continental mass, and the

céndidates are either the Blake plateau-Bahamas area, or the psrambulating

" Yucatan and Nicaraguan blocks if we accept ths raconstruction of Freeland

and Dietz (1971). In passing one notices that these writers havs
assumed that the Nicaraguan block had already drifted west into the
middle American position by late Jurassic tims. If this drift were

postponed until the end of the Lower Cretaceous, the Northern Range could

be provided with a poésible source area for the Maracas and Chancellor

formations.- Indeed one wonders whether it is necéssafy to consider the
Nicaraguan block as having moved any further than from a position due

north of Venezuela and Trinidad. No rotation would be required and the

Yucatan block could have occupied the Gulf of Mexico to the north of the

Nicaraguan block. Cquld the flysch trough be connected with the moving
source block rather than with a subduction zone? ‘It would then be a.
feature of lateral movement, not compressional.

With the end of deposition of the Maracas formation a change took
place, presumably early in the Cretaceous. The succeeding Chancellor

formation consists of bedded limestones and shales with relatively few

- coarse clastics.. This suggests that the source material of the Maracas

formation had been largely worn down or had moved away. Some of the
Chancellor formation may be turbidites deposited as limy flysch. The
environment of the mixed congloherate and carbonate faciss of the
Chancellor.%ormation and neighbouring rocks in Venezuela may be that of

channels cut through the shelf carbonate beds.and.now filled with rounded

. cobbles. The cobbles of quartzite may be° due to silicification of

carbonate blocks, but from thin sections seems more likely to be derived
from the oldsr Maracas formation quartzites.
The development of Lower Cretaceous reef carbonates only occurs in

one part of the mapped area in the Chancellor formation {Lady Chancellor
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'Road).bﬁt réther hore widely in the Laventills formation. In the central
pért of the Nofthern Range similar reefing seeﬁs to occur; and the Zagaya
limesfbna reef in the Toco formation (Barf 1963) seems to be an equivalent.
~In eastern Venezusla Patos Island has been described as a reef in the
Guinémita fdrhation (Gonzalez de Juana et &l. 1968). A large area of
the Serrania dsl Interior of sastern Venszuela is underlain by Lower
Cretaceous El Cantil iimastone which includss reefal developmants - the

: Borracha.formatioq limestonses in the north and the Guacharo limestones

in the east (Guillauﬁe et al. 1972). In ‘Trinidad the.isolaééd Stéck
Road limestone is another pisce of resf. Altogethér thefe érq 50 many
scéfterad reefs in the Lowsr Cretaceous of northeaétern Venszuela and
Trinidad that one cannot discérn any simple trends. It is an interesting
extension.of the UrgonianAfacies of Eurgpe and North Africa.

The deposition of the Maracas formatipn flysch was déscribed as
occurring in a sag £hét developéd after the deposition of the Maraval
formation. Although a flysch trough some 2 kms thick was produced,
there is no clear evidence that it was part of the orogenic phasa that
followed. While the upper part of the Maracas formation and_the
Chancellor formation were being laid déwn shelf sediments were being
' deposited,to the south in Venezuela and Trinidad, with roughly comparable
th}cknesses. There are carbonate seduences in Vgnezuela as well as
deltaic associations, and under the Gulf of Paria an evaporite and
carbonate succession accumulated. This suggests that the flysch may
simpiy have,baén laid down off the continental edge of South America and
off the edge of adjacent parts of North and Céntrél America, possibly
.aléng the boundary between the moving blocks. As suggested above such
a trough might owe its existence to this relative movemént, and the
character of sedimentation in the toough may also have been dictaﬁed by. :

the movement of the blocks.

The pattern of Jurassic and Lower Cretaceous sedimentation may be
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-tied to ideas about the general nature of the Cariﬁbeén Sea. Geophysicgl
evidence suggesﬁs that it does not have the character of either an oceanic
or a crustal plate, but that sedimentary thicknesses are clearly in excess
of those in oceanic areas (Edgar et al. 1971). The Deep Sea Drilling
'Préject, Leg 15 (Edgar & Saunders 1971) examined the sedimentary section
at 9 boreholes in the Caribbean Sea. | Widespread volcanic rocks appear
to unde:lié sediments ranging in age from Pleistocene to Coniacian.
The question remains what lies below the veolecanics. It may be that a
.Jurassic;Lawer Cretaceous ssedimentary sectioﬁ-has beén.covered>by Cretaceous
-volcanics throughout the Caribbean area. In this case the combinatioﬁ
of Mesozoic sediments and volcanics may explain the geophysical differences
between the Caribbean floor and the normal oceanic plate. Thé Caribbean
plate'couid then be considered to have originated with the separation of
North and South America although no centge of sea-floor spreading seems.
apparent; or it could even be a piece of old eastern Pacific plate as .
Edgar et al. (1971) suggested .

| Some time after the deposition of the Chancellor formation ana before
the deposition of thé ﬁorvantAbeds (6alera formation)i.e. bstween Aptian-
Albian ;nd Campanian-Maestrichtian theAfirst ma jor orogenic movements
began. ‘%olding~on E-W axes occurred and this appears to havs.bésn in
at least two phases, be;auae earlier folds have been refolded on approx-
imatély the same axes. The style of folding is that of a steep root
zone in the south turning into a recumbent overturned structure in the
north. " In places QUtside the mapped area the axial surface of the
main anticline has been rotated more than lBOb; Rssaciated mith these
folds, and bfesumably contemporaneous with them, are south dipping thrusts
or slides, Low gradeﬁmétamorphism appears to have been induced by the
folding. " \

" The palasogeographical conditions which prevailed at the tims of
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thig folding may bse somewhat speculative. Probably the conventional
picture would be that the: Caribbean Sea developed by spreading in the

Jurassic during the separation of North and South America and the movement

»

" of those plates away from Africa with ths opening of the Atlantic Ocean.

The oragenic belts along the northsrn and southern edges of the new

. Caribbean fdate would be seen as svidence for Lower Cretacsous to Eocens

compression caused by North and South America moving together with the

formation of subduction zones at theAnortharn and southern edges of the

Caribbsan.

A subduction zone caused by the northern édgehdf.tﬁa South American
plate riding over the southern edge of ths new Caribbean plate may well
explain the geology of the Northern Range and that of the Coastal Rangss
of Venezuélé. However there are a number of ﬁossible differences from
whaf‘seems to have become the accepted picture. These have bssen touched
on alrsady. It is not clear that there was any compression as early
as Upper Jurgssic whan the trench, if any, was formed along the northern
margin of South America. The sediment filling the trench, if any, came
from the north not from'the present SoﬁthlAmerican plate. It is not
clear that sediments in the possible trench had accumulated to a ndticéably
greater thickness than the equivalent sedimesnts being laid down'undpr what

are présumed to be shelf conditions. These problems concern the early

stages of the orogeny but extend to questions about the main folding phass.

The idea of a subduction zone answers the questions that arise with
regardito thess recumbént folds and associated slides. If this amount
of crustal shortening (say 15 to 30 kms) haa to be accounted for it was
necessary to consider iateral compression ate depth. This may be tﬁe
case‘and the folding may represent squeezing of the new Caribbean plats
betueen the continents of North and South America. But thé sequenéé
becomes a little.bewildering‘A First the Caribbean opens in Jurassic

times , then closes slightly in Lower Cretaceous and opens up again
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'tﬁrough Uppeerrefacsous and Tertiary times. This reéumbent folding
could be e*piained as major gravity sliding aﬁd'folding and could bs
seen as a continuatidn of general tension along the flanks of the
Caribbean which culminated in the linear faulting, which seems to
characterise the blocklike shape of the southsrn Caribbean mountain
raﬁges.

However thié doeé not seem to provide a satisfactory explanation
for the,folded mountains north and south of the Caribbean Sea. Perhéps
the Caribbsan piate aid not ride passivély on the expanaing Atiantic-
pléte ;ike the contiﬁents to north and soufh. An épisodé of gctive
pressure from the east by the Atlantic plate might produce a reaction
‘at the northern and southern rims of the Caribbean.

Orogénic'activity continued through the ~Upper Cretaceous with the
ﬂorvant beds (Galsra formatiqn) being la;d down in wildflysch facies.
-The source éréa for.these sediments appears to have been the Northern
Range itself. = There were intervals of inactivity at different times
during the Tertiary; howsver the presence of sericite and quartzite in
the Upper Miccene and Pliocens of norﬁhern and centra; T?inidad suggests
that pefiodic acéivity.continued until then.

The character of movement changess with time. | The large-scale
régumbent folds tﬁat occurred at the ehd of the Lower Cretaceous were
. succeeded by tighter upright folding at the end of the Upper Cretaceous.
Finally Tertiary movements seems to have consisted largsly of faulfing.
It is suggeste&>that during the Tertiary thé area acquired its predomin-
antly horst-like shape with the development as the El Pilar Fault along
the southern boundary. - ‘Whether left lateral movement occurred is not
clear, but it may have done so in association with the development of a
subduction zone along the island arc of the Lesser Antilles.. Suggestions
that this arc developed on a different site now obscured, as early as

Lowef'Cretaceous, seem difficult to prove.
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;Fiﬁallybin Pliogpleistocene.time-tﬁe fiﬁal carving of the river
va;leys occurred, probably in existing Tertiary valleys. Sea level
changes together with increased précipitatioh gave rise to terrace
deposits and thick gravels on the floors of the valleys. Tilting
continued down to the west, at least to the Dragon's moﬁtﬁs and up to the

north in the Northern Range itself.




Economic Geoloay

The dearth of mineral resources in the Northern Range is rather
striking. The small occurrences of iron will be discussed below. To
the population of Trinidad however these mountains represent the most

important water supply, and an important source of limsstons.

Iron

Iﬁ fﬁé Naiécas hiver (723854) aA250 mm baﬁd of magnetite appears to
dip 55° south, conformably with the quartzites of the Maracas formation.
In the river are numerous bouldsrs of héematite which are assumed to have
been formed by weathering of the magnetite. The presence of iron in the
Maracas valley has been known for many years - Wall & Sawkins (1860)
report on the assay of a sample from this area, without giving %urther
details. The most careful examination.of this occurrence was that
carried out by Thatcher (1960). General comments on Thatcher's survey
were made by.Joubin (1965) who revisited the localities. The writer
visited the area with Thatcher at the time of his survey.

-In the field today thes magnetite band can be followed westward from
'the river‘at 723854, as a zone perhaps 1.5 m wide to a point on the hill-
side at 717856 and much float occurs in minor streams. Thatcher investi-
gated fhis occurrence and also others in the val%?y to the north (719857)
‘which are’ nouw covéred by vegetatibn. In aldition he found_magnetite in
, piace at localities on the ridge near the peak of La Vigie (705868).
Thatchér also found one-ldcality showing irbn'imp:egnation east of the
river;. He concluded that the magnetite h& been emplaced in fractures
and bedding planes, with some limited spreading through quartzites, and
saw the whole occurfence as a zone of shearing. He estimated that |

"250,000 tons of ore were preéent with iron content 30%. An airborne

magnetometer survey was carried out by Cyprus Mines Company in an attempt
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~to extend the prospéctive area, but no further action has followed.

The occurrence of haematite and fluorite on Gaspar Grande island has
already been méntioned. ‘Thatcher estimated that there are BD,OdD cubic
yards -of ore with 40% iron content.  Joubin (1965) shows a sketch of an
asromagnetic maplof Gaspar Grande, in whicﬁ sn E-W anomaly across the
island is assumed to indicate a pyrrhotite bady. ‘ Subsidiary anomalies
are indicated at the western point (457791) and the sdutheastern point
(474786). . Neither.of these last two anomalies coincides with good
exposdrés of»ironfore, Unfortunaﬁely Jouﬁin does noﬁ mention the best
éxpﬁsures of haematite at 478795 and 479793.  In the gensral Gaspar
Grande; Pointe Gourde area therse is wideépréad iron stéining aésociated
with the collapse breccias in the Laventille Limestone.

It does not seem likely that~new surveys or changed economic factors

can make either the Maracas valley of Gaspar Grands into attractive iron

prospects.

Fluorite

On Gaspar Grande at 468788 to 469789 W. Brown first noted fluorite

and F.R. Joubin had the area investigated by test pité to such good

effect that the writer could find no exposures of fluorite visible.

This was partly due to vegetation cover. The fluorite as described

-éééms to occur as pockets in the phyllites of the Laventille formation

immediately underlying the Laventille Limestone. This seems close to
the horizon where gypsum occurs in the Laventille and St. Joseph areas.

Possibly closer- examination of this particular horizon might reveal other

,'fluorite’occurrences, but probably not of economic significance.

Gypsum : L
The evaporites in the Laventille formation have been described above.

The gypsum at Cristobal Colon in Paria, Venezusla, is worked for tha
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cemsent indusffy, and the gypsum at St. Joseph was worked for the same
purpose until a-feﬁ yeérs aga. | Now the main quarry has besn w&rked
ouf and testQpitting along strike has failed to extend the occurrence.

A new exposure near Port of Spain does not:appear likely to be sconomic.
It lies in a school yard (654775) and may extend under hearby housing.

This is one of the problems about the Port of Spaln-St Joseph

zone - much of the land undsr mhlch gypsum may occur is already covered
by establishad urban housing. Although the Gulf of Paria may be under-
‘iain 5y a Lowsr Cretaceouslevaporite basin there does mot seem any pos-
sibility of'cpmmercial development there. The occhraﬁce of evaporites

and'fluofite along the south side of the Northern Range and along the

~ south side of the Ceastal Ranges seems to represent the northern rims of

a Lower Cretaceous svaporite basin but it may also be significant that
these occurrences lie along the.El Pilar Fault system. Further explor-

. ation along that fault system in eastern Trinidad may be justified.

Limestone

N

The Northern Range contains the most important limestone quarries in

the island. The Maraval limestone is quarried at two sites near Diego
Martin and & a number of quarries in the Santa Cruz area. There are
maﬁy old abandoned quarries throughout the outcrop.  In the Chancellor

formation no quarries are now being worked, although formerly fhe bedded
limestones were used as freesto;e and as random rubble cladding and as
random paving. The Laventille Limsestone outcrep is riddled with
quarries but only two are now working; houever one of these is ths
government quarry at Laventllle, probably the blggest quarry on the
island. Reserves of -good 11mestone are large both in the Maraval
formation and in the Laventille Limestone of the western islands. Here

the most useful reserves are those on Pointe Gourde where there is no

settlement on the land formerly included in the U.S. naval base.:
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Water Sugblx

o Surface water supply is more important than groundwater in Trinidad,
but the intensel? settled valleys prevent the development of reservoirs.
© Water was taken from the Naravél River just below the village of that

name for many years, but fortunatély that practice has now ceased. Along
the North Coast small hotel and tourist development may use surface
supplies and the writer advised the government on one such scheme involving
the waterfalls in the Tyrico River in the eastern part of Maracas Bay.

Althgugh tﬁe main valléys,are n&t suitable for_feservqirs they contain
ﬁonsidérab;e-gravels which extend south to fan‘conglomérates beneath the
alluvium at the southern boundary of ths Northérn Range, as mentioned
above. These gravels and fan conglomerates are important sources of
groundwater supply for Port of Spain. Many of the wells are located
élong the coast - if overpumping is attempted salinity rises.".South of
San Juan‘theArésults of structure drilliﬁg during petroleum exploration
led the w;iter to suggest the presence of a fan conglomerate not visible
at surface. | This conglomerate now produces about 5 million galions psr
day. which may well be above the safe yisld.

A Xer stage of grounduater p:oductian has been the planning of water
wellsl higher in the valleys themselves. This has generally beén
sucéesSful although one location suggested by ths writer was a spectacular
failure because of a high calcium sulphate content; This wgll lay in
the Maraval valley in the broad plain of the Maraval formation and the
gypsiferous water suggests the presence of evaporites in the subsurface.

In view of’the generélly high level of'séttlement and the intensivs
-use 6f_groundwater it is now unlikely that afy further large water sdpplies
can be proyided in the area except possibly from theAgravels in the Tucker
valley. - The.next step in providing for the increasing water demand
will be the dammiﬁg of the Drbpache River to the east - the writer's:
détailed obaervatioﬁs were used by the consultaﬁts preparing this project

which now only awaits financial support.
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Plats 1.

Plate 2.

Reduced vertical airphoto Diego Martin arsa showing
karstvtopography of Maraval formation flanked by
Maracas formation to north and south and by alluvium
to the west. There is also minor faulting. The
photograph includes proposed type sections of
Maraval and Maracas formations. The Chancellor

formation lies on the southern margin.

View S from a point on the ridge at 647835 near St.
Ann's Peak. This is a typical scene on the south

flank of the Northern Rangs. Lady Young trail cah

' be seen in the trees. The main part of the slope

is Maracas formation, but the tiollow in the fore-
ground is Chancellor formation as is the cleared

hillside on the extreme left of the photograph.







Plate 3.

Plate 4.

Plate 5.

Cumberland Hill (1781 ft.) and Fort George on southern

slopes of Northern Rangs. View £ from 563811. Highmr
part of Cuﬁberland Hill and all housing in foreground
are in Maracas formation. Southern, right-hand hill
slopes, largely light green cleared land, is underlain
by Chancellor forhation including subsidiary hillock

on the skyline, which is Fort Georgs.

Cerro E1 Tucuche (3075 ft.). View W from Las Cuevas
outside and E of mapped area. All rocks are in
inverted Maracas formation of overturned northern
limb. Dip slopes cen be seen as well as the marked

northern scarp.

¥

Monos Island on a calm morning. View SW from Entrada
Point area (453843). The northeastern corner of Monos
is all in 6verturned flaracas formation..e The.island
schooner is typical of the vessels that still carry

much of the Caribbean local trade.
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Plate 6.

Plate . 7.

Plate 8.

North Coast. View WUNW from 673900. Saut d'Eau
Island and Les Bogets (or Boguats) at the point are
in averturned Chancellor formation. The rest of

the area is in overturned Maracas formation.

North Coast. View ENE from 673900. Balata Bay in
foreground with Maracas Bay behind, all in overturned
Maracas formation. Slide is mapped across ridge in
foreground, then joining a slide in right background
which lies in hollow shown by ysllow earth slopes
where landslips have occurred along a new road near
728901.

North Coast Road {33 milepost) 660885. Overfurned
Maracas quartzites, greenschists and calcareous

chlorite-~-mica-schists.







Plate 9. General view from 716884. View WSl. Watershed
and northern scarp of overturned Maracas formation
dipping south. Lower montane forest and montane

forast vegetation.

Plate 10. Maracas Bay. Camera at 701897 view ENE. Sand
beach with coastal swamp (now filled) in foreground

and overturned Maracas formation in hills.
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‘Plate 1l.

Plate 12.

.General view‘western islaﬁds, camera at 470806, view

w. Monos island. in foregrouynd with left hill in
Upper Limestones of Chancelior formation then hollow
in Lower Phyllites, right hill in Lower Limestones
and contact with Maracas fermation in nick on skyQ
linse. South end of Chacachacare to left of Monos
and Paria, Venszuela in distance. Patos Island,
Venezuela in Guinimita formation - Laventille

Limestone is on the horizon to the left.

La Ceiba River 612842, vieuw N, Tufa delta;
river flows ascross Maracas formation Here but has
left Maraval formation outcrop anly half a kilo=
metre north of this point. A second, smaller,
delta can be seén above this, and in shadowed
valley 50 m upstream a third tufa delta approx-

imately 5 m high occurs. ’
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Plate 13.

Plate 14.

La Fontaine Quarry, Diego Martin (587849), view U.
Height of quarry face approximately 8 m. Maraval
formation. Bedded limestones and marbles with |

upright minor folds in roof of cave.

La Fontaine Quarry, Diego Martin (588846), view U.
Maraval formation. Bedded limestones to marbles
with a minor fold below hammer and what appears to

be reef patch at left of photograph.
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Plate 15.

Plats 16.

‘Plate 17.

North Coast Road, 647868. NQuerturned base of meta-

vclcanic ash bed (epidote gresenschist) showing

convolute fold; weathersd phyllites lie above it now.

Maracas Bay, 699901, view U. Weathered Maracas
formation quartzites. The folds face south douwn-
dip and axial plans cleavage is dsvsloped. There

are also graded beds, confirming the overturning.

North Coast Road, 641853, nsar The Saddle. Weathersd
calc phyilites near the top of the Maraval formétiqn.

The contorted-bedding lies under competenf south

. dipping limestones and is throught to represent

" . relatively young near-surface sliding.
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Plate 18.

Plate 19.

-Monos Island esst coast, 444820, view U, height of

face seen approximatsly 5 m. Maracas formation,
bedded guartzites with some interbedded phyllites,

upright minor folds on south flank of main anticline.

The Dragon's Mouth, bay scuth of Entrada Point,
452840, view SE. Maracas formation, bedded

‘quartzites overlain by graphitic quartz-schist.

Minor folds indicate overturning, as does graded
bedding, axial surfaces and incipient clsavagse

approximately horizontal.







Plate 20.

Plate 21.

Chacachacare Island east side 376821, view SW, height
of exposure seen approximately 8 m. Maracas
formation, bedded quartzites, jointed, mimor folds,
axial surfaces south dipping indicate that this
exposure is on the upper normal limb of a major

recumbent anticline.

Dumas Bay, Monos (423812), view E. Height of face
sesn approximately 3 m. Chancellor formation,
Upper Limestones, quartzitic conglomerate interbedded
with limestones, quartzite cobbles embedded in

limestones.







Plate 22.

Plate 23.

- 1lying bedded limestones with subsidiary conglomerate

Dumas Bay, Monos (423811) view E. Height of face
seen approximately 1 m. Chancellor formation,

Upper Limestones. Quartzitic conglomerate channel
(?) in bedded limestones, underlying bedded limestongg

with slump folds. .

Dumas Bay, Monos (424810) view E. ~ Height of face
seen approximately 3.5 m. Chancellor formation,

Upper Limestones. Quartzitic conglomerates under-

layers.. In centre of exposure a channel in the

conglomerates has been filled with limestone.
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Plate 24. ~Delgado Point (458B810) view S. Chancellor formation,

Plate 25.

calcarsous phyllites with thin limestonsess, minor folds.

Delgado Point (458810) view E.  Exposure approx-
imately 2 m high. Chancellar formaiion, bedded
quartziteé with upright minor folds. This
exposure is stratigraphically higher than that in
plate 15.







Plate. 26. Delgadb Pbint (460810) view S. Chancellor formation

weathered phyllites with contorted quartz lenses.

Plate 27. Staublss Bay (469807) view NE. Chancellor
formation, Upper Phyllites. Interbedded phyllites

and quartiites, folded with crenulations.
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Plate 28B.

Plate 29.

Staubles Bay (467809) view NE. Chancellor

- formation. Bedded limestones foldsd in what

appears to be young structure probably a collapse
fold. These beds have been partly decalcified

during weathering.

Gaspar Grande east point (Reina Point) 480794, vieuw
u. Laventille Limestone, breccia with iron

staining between larger blocks. Height of exposure

~ shown approximately 4 m.
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Plate 30.

Plate 31.

Gaspar Grande east end (479793), view WNW. Haematite
in Laventille Limestone as dyke-like body with
inclusions of limestone. There are also irregular
inclusions of haematite in the limestone at the side
of this. Total width of haemratite is approximatsly
10 m.

Gaovernment Quarry, Laventille, with Picton Tower
(643777). Camera at 645776, view NUW. Laventille

Limestone - Upper (Picton) l.imsstone gentle folding,

~ brecciation. . Lorries show scale.
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Plate 32.

Plate 33.

Furness Quarry, Laventille (648776) view SW.

Locality A in text. Laventille Limestone. Block

‘of massive limestone 6-7 m high lies in phyllitic

shales draped over the block. The shales are
overlain by the Upper Limestones at top of quarry

face. Workman shows scale.

Disused quarry Laventille (646780), view U.
Laventille Limestone. Locality € in text.

North dipping, faulted lower limestonss are uncon-
formably covered by draped phyllitic shales with
Upper Limestones at top of quarry face. Goalposts-

show stcale.
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Plate 34.

Plate 35.

Closer photograph of Plate 33, locality €, showing

‘ faulting in lower limsstones more clearly and

irreqular contact betwean phyllitic shales and

upper limestones.

Northern wall of disused quarry at Laventille in

Plates 33 and 34. Locality € (646781) view W

'showing another faulted limestone mass lying under

phyllitic shales with upper limestons at top of

quarry facs. Upper limestone below isolated tree

! may be recognised from Plate 33. Scale may be

estimated from telephone pole top centre.
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Plate 36.

Plate 37.

‘Disused quarry Laventille (645780), view £. Locality

B in text. ~Laventille Limestons. Block of limestons
approximately 5 m thick lies in unfaulted phyllitic
shales which are draped over it. In this photograph
the block could possibly be a lens but it is believed

to be a faulted block. Height of exposure approxim-

ately 7 m.

Disused quarry Laventille (648786). View SW.
Locality E. Laventille Limestone.  Bedded
Lower Limestone overlain unconformably by disturbed

phyllitic shales.






Plate 38.

Plate 3S.

Trotman Street schoolyard (654775). Laventille
formation. Contorted gypsum and anhydrite with

limestone layers.' General attitude vertical.

Lady Young Road (651796) visw ENE. Unconformity
surface undulating across photcgraph approximately
15 m. wide and 6 m high, éiope approximately 40°.

In foreground Chancellor formation, Upper Phyllites

are folded on nearly vertical axes.
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Plate 40. Lady Young Road (651796) view Nu. Unconformity
surface shown in Plate 30, with Chancellor. formation,
Upper Phyllites in foreground. At top left-hand
corner of photograph Morvant beds rest on the

unconformity with some disturbance.

Plate 41. Lady Young Road (651796). Closer view of
unconformity surface illustrated in Plates 30 and 31,
showing limonitic surface, rolled pebbles and

“limonitic nodules.
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Plate 42.

Plate 43.

Road cutting east of Maracas Bay (728902) view E.

Overturned weathered Maracas formation. The cutting
lies along a major slide. This part of the road
suffers landslips after every heavy rainstorm. - The

workmen are cleaning up the latest fall of rock. At

‘one time the road was closed for some weeks, then a

bulldozer was kept at the near corner for the whole
of the wet season. Now most of the shattsrsd

country rock has fallen.

North Coast (694894) view E. Maracas formation,
bedded quartzites with interbedded phyllites, slump
fold. There are two graded beds in this exposure

confirming that the beds are overturned.






Plats 44.

Plate 45.

Carenage (544813) view W, height of exposure approx-
imately 2 m. Maracas formation. WYeathered

phyllites with south dipping slide axposed}

Closer photograph of Plate L;Q.shouing angular folds

facing down the slide in broken phyllites above the

plane, and brecciation below it. It is suggested

that the broken beds indicate that the slide is a

" relatively young structure.
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The overturned anticline of the Northern Range
of Trinidad near Port of Spain

HENRY C. POTTER

ForMERLY the Northern Range of Trinidad was assumed to be the south flank
of|an anticline, with the north flank either out to sea or displaced by faulting.
Mapping has shown that the structure is that of an anticline overturned to the
north.

[The steep southern limb begins with nearly vertical dips in the Chancellor
formation and the Morvant beds along the Lady Young Road, and between Port
of|Spain and Maraval. In this upright limb are local folds 100 m to 500 m in
wavelength, parallel with both the main structure and minor folds. Folds of this
size have not been recognised in the overturned northern limb. West of Maraval
step-hke folds with alternating horizontal and vertical limbs occur on east-west
axes 10 m to 100 m apart. Axial surfaces dip about 35°N, but all other minor folds
injthe area have axial surfaces dipping steeply southwards.

Along the axis of the main fold, which occurs in the outcrop of the Maraval
limestones, dips are 40°~60°S and the flanks are isoclinal. In the whole of the over-
turned northern limb dips are much flatter; commonly less than 25°, and appear
to [become even flatter to the north. The size of this recumbent limb suggests that
it is a nappe. The underlying autochthonous beds are not seen.

A number of phases of folding are recognisable. The first folds on east-west axes
were refolded on more or less parallel axes. The step-like folding west of Maraval
may belong to this second episode. Later folding occurred on north-south axes,
bult this may not be all contemporaneous, because in the Port of Spain area it is a
gentle warping but on the north coast and to the northwest it is much tighter .
requmbent folding.

here is some southward sliding, but it does not reach the scale described by
Metz (1968) in the Paria peninsula, Venezuela. Collapse folds are common in the
thinly bedded limestones of the Maraval and Chancellor formations. It is un-
certain whether they are due to decalcification, which is common in the Northern
Range, or to the solution of an evaporite that may have been present near the top
of the Maraval formation.

Superficially faulting may not appear to-be important but the Northern Range
is pounded by faults. The El Pilar fault to the south has been interpreted as a
regional wrench or transform fault (Alberding 1957, Rod 1956). However, only
limited lateral movement can be observed and the main effect is 2000 m upthrow
of {the Northern Range against the Northern Basin to the south. (Metz 1968,
Potter 1968). The high cliffs along the north coast suggest east-west faulting, but
the only fault mapped in the area has 200 m downthrow to the north, between
the mainland and Saut d’Eau Island. The general picture is that of an upthrown
east—west block (Bassinger ef al. 1971).

JU geol, Soc. Lond. vol. 129, 1973, pp. 133-138, 1 fig. Printed in Northern Ireland.
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n the Northern Kange itself northward thrusting occurred in the Maraval,

Pott of Spain, and North Coast areas, and these thrusts were presumably con-
ter%:poraneous with the main folding. Only a few minor faults appear parallel to
thel northwest—southeast wrenches like the Grande Riviere fault (Barr 1963) and

thel

Th
Girq
the

Los Bajos fault (Wilson 1958).

Stratigraphy

s structural picture has led to revision of the stratigraphy of the Caribbean
up (Wall & Sawkins 1860) in this area. The oldest formation is now seen to be
Maraval limestone, which is overlain by the Maracas formation, and this in

turh by the newly described Chancellor formation that is itself unconformably
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rlain by the Morvant beds. The total thickness, excluding the Morvant beds,
ears to be 2500 m, rather than the 8800 m previously suggested (Suter 1951,
rgins 1960) or 5200 m (Kugler 1956).

Ihe Maraval formation of Suter (1951) and Kugler (1956) was thought to lie above
Maracas formation, but now it becomes the oldest formation in this area. A
«imum thickness of 500 m has been measured near Paramin and the base is
shere seen. The formation is largely made of three horizons of massive recrystal-
1 limestone and what appears to be a reef knoll at Paramin village. Calc-schists
interbedded with the limestones that are nearly pure marbles with grano-
stic-elongate texture and rare ooliths and bioclasts.

"he Maracas formation of Suter (1951) and Kugler (1956) was regarded as the
.st formation in the Northern Range, but it is now seen to lie conformably on
Maraval formation. The originally described outcrop is the overturned
thern limb of the Northern Range anticline; the upright southern limb was

shown as the Grande Riviere formation by Kugler (1961). The succession, about

150
ma
the

b m thick, is flysch, made of interbedded quartzites and phyllites with rare
sive quartzites and slates. A few thin limestones occur near the base and near
top, suggesting transition from the Maraval formation, and to the Chancellor

forthation. Volcanic ashes were first observed on the North Coast road by Barr
(pets. comm.) and have now been mapped further afield. Sedimentary structures
indicate turbidites, as suggested by Kugler (1953), and the palaeocurrents were
from north to south, as shown for instance by convolute structure on the now-

ove

rturned base of the volcanic ash.

Trhe Chancellor formation was introduced as a member by Kugler (1961) and is

now raised to formation status. It lies apparently conformably on the Maracas
forrhation and is overlain unconformably by the Morvant beds. The thickness is

abol

ut 500 m and the formation consists of the following members:
Upper Phyllites 20 m—-100 M
Upper Limestones 170 m
Lower Phyllites 40 m-18o m
Lower Limestones 100 m

The recrystallised limestones are less pure than the Maraval limestones and are
more interbedded with phyllites and quartzites. Sedimentary features occur in the
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lower part of the formation, like those in the underlying Maracas formation,

reefal mound 10 m in height and diameter occurs in the Upper Limestohes.

Some partially recrystallised samples contain ooliths and probable a
fragments.

The Morvant beds of sandstones and shales lie unconformably on the Chancejlor
formation along the southern edge of the Northern Range where 220 m of strata is
seen, but this is only a small part of the whole formation. Black pyritic gypsum

bearing shales and coarse graded calcareous sandstones contain wildflysch bld

cks

and boulders, probably from the Chancellor formation and from the Morviant

beds themselves.

Regional correlations. The most important correlation is with the beds at Hdllis
reservoir in the eastern part of the Northern Range in which Tithonian ammonlites
were discovered (Hutchison 1939, Spath 1939). The phyllites and bedded lifne-

stones in which the ammonites were found do not resemble the Maraval limesto

nes

and massive Maraval limestones outcrop about 1-5 km north of the Hollis dém.

Lithologically the ammonite bearing beds seem more like the Chancellor or
Maracas formations and so they may occur in a limey development in the Mara
formation. If this is so, the Maraval limestones appear older than any other

mations described, and would be Upper Jurassic or older. The Maracas format
would appear to be Upper Jurassic; the Ghancellor formation may be equival
to the Lower Cretaceous Toco formation; and the Morvant beds to the Gal
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formation, Upper Cretaceous (Barr 1963, Saunders 1972) although palaeontol og-

ical evidence is still lacking.

Summary and conclusions

The earliest discernible event was the deposition of the Maraval limestoes,
probably during the Upper Jurassic, as a shelf deposit or as part of a miogeosjyn-

cline off the northern edge of the Guayana Shield. Next a flysch trough develop

ed,

probably from the upper Jurassic to Lower Cretaceous with volcanic episodes 4nd
sediments and volcanics derived from an unknown source area to the north. The

orientation of this eugeosyncline is not clear but it appears to have been filled
the end of deposition of the Chancellor formation (? Lower Cretaceous) and sg

by

me

of the Chancellor limestones were laid down in shallow water. During the Jast

stages of this basin, fossiliferous shallow water deposits were being laid down to
east (Toco formation) and to the south (Guche formation).
After this the northward folding and thrusting, and the associated regio

the

nal

metamorphism, took place and was ended by the Upper Cretaceous, and gengral
elevation and erosion followed, leading to the deposition of the wildflysch Morviant

beds, perhaps continuing to the Palaeocene.

‘The regional metamorphism is everywhere low grade. Epidote and chlorite
only found in the overturned Maracas formation in the north. However, mor
structure is widespread in the quartzites and recrystallisation of the limestone

are
tar
s 1s

almost complete. The Morvant beds are significantly less metamorphosed than

the underlying older rocks.
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| Last was large scahja faulting during the Tertiary, associated with develdpment
of the Antillean Arc, but there is little evidence for this faulting within the Northern
Range, although botk} its north and south boundaries are major faults.

|
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DISCUSSION

Dr K. W. BARR complimented Mr Potter on the progress of his programme
ragarding: the elucidation of the structure and stratigraphy of the Northern Range
of Trinidad, and made the following points.

Firstly, in respect of the thicknesses of the formations quoted, earlier authors had
postulated a variety of thicknesses ranging from a few thousand to perhaps some
39 ooo feet. It was appreciated that the higher figures were based on a simpler
and almost certainly erroneous structural interpretation. However, in a geo-
synclinal flysch series such as described, great thicknesses were quite acceptable,
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and it was questioned whether the thicknesses proposed by the author might
perhaps err on the low side, in view of the great regional extent of this Jurassic t
Cretaceous geosynclinal fore-deep. Secondly, the author had suggested that the
basal Maraval limestone formation might be associated with an evaporitic series;
the existence of gypsum deposits to the east of Port of Spain within the Morvart
formation was well known. In their present position these are evidently a tectonic
emplacement, and one wondered whether there might be some relationship
depth between the two. Thirdly, the commentator agreed that a correlation
between the Morvant formation and the Galera Formation at the eastern end of
the range was logical. Fourthly, regarding the contact of the Morvant formation
and the Chancellor formation of the Caribbean Series, it was questioned whether
this contact might be a fault plane. There are many strike faults along the southern
margin of the North Range associated with the major El Pilar fault system, and it
would not be surprising if the contact in question was in fact a fault. This of course,
does not invalidate the probability that there is an unconformable relationship
between the Morvant and Chancellor formations, which is suggested by the
occurrence of extensive wild-flysch deposits in the former.

Tue AutHOR agreed with Dr Barr about the difficulty in measuring thicknesses
of strata in folded mountains like the Northern Range. Earlier estimates of the
thickness of the Caribbean Group had varied between 10 000 to 12 000 feet gy
Wall & Sawkins, to 1000 to 2000 feet by Cunningham-Craig and then to very
much greater thicknesses by later writers. The reason for the reduced measurement
lay in (1) the recognition of the overturned anticline which halves former ¢s
timates, (2) the use of the new contoured 1: 10 000 preliminary map sheets which
made measurement easier, (3) the allowance for local folding, minor folds and
collapse structures. It was agreed that an element of interpretation was involved in
allowing for the smaller folds, but thicknesses were checked with nearby similar
sections where folding occurred at different levels. It was interesting that the
thickness of a flysch sequence like the Maracas formation should be so close to
1500 m at several localities.

The gypsum of St. Joseph and a newly discovered gypsum exposure at Laventille
just east of Port of Spain could occur either in the Chancellor formation or as
faulted blocks of Maraval formation. The former seemed more likely both by
correlation with Venezuela and because of a reported Lower Cretaceous evaporite
section in a well in the Gulf of Paria. There was as yet no clear proof of the
author’s postulated evaporites in the Maraval formation.,

Dr Barr’s comments on the Lady Young Road exposure of the postulated baspal
Morvant unconformity were quite true. This was an area through which a major
fault in the El Pilar system passed. The author agreed that the surface shown fin
photographs looked somewhat like a slide. But closer examination showed cqr-
rugations and folding on this surface, limonitic layering and what appeared to be
limonite and phosphatic nodules. Moreover by climbing up the hillside to the
north it was possible to find the Morvant beds resting normally on the surfage,
underlain by folded Chancellor formation. It was concluded therefore that this
appeared to be the unconformity at the base of the Morvant Beds.
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A PRELIMINARY ACCOUNT OF THE STRATI-
GRARHY AND STRUCTURE OF THE EASTERN
PART OF THE NORTHERN RANGE, TRINIDAD

 H. C. Potter
. University of'Loﬁclon, King’s College

ABSTRACT

The results of field mapping in the area bounded by Arima,
Chupalla Point, Grande Riviére, Salibea, are presented. The
stratigriaphic succession is Maracas Formation, Rio Seco For-
mation| Grande Riviére Formation and on the north coast,
Galera | Formation. The stratigraphic thicknesses of all for-
mations appear to be less than former estimates because of
the. r:;ognition of isoclinal folding. It is suggested that the
Grande Riviére Formation may be the unfossiliferous metamor-
phosed | equivalent of the Galera Formation. In the Galera
Forma%’ion a succession of siliceous cherty beds occurs at

Grande Matelot. In the Blanchisseuse-Chupara Point area the

" Galera| Formation becomes metamorphosed like the Grande

Riviére; Formation.

Tth general structure is anticlinal with the Maracas For-
mation| occupying the core of the Range, A second anticlinal
trend lies north of this with Rio Seco Formation in that core.
‘There are-two markedly different tectonic styles. The Maracas
Formation is gently dipping with many minor recumbent folds
all indicating movement of the upper beds southward, downdip.
The lower Rio Seco limestones are also folded like this, but
the upper limestones and younger formations show isoclinal
folding| with steeply south dipping axial planes. A plane of
décollement appears to lie in the Rio Seco Formation. Faults
on both E-W and WNW-ESE trends are mapped, but except
for the Brasso Seco and Grande Riviére Faults none are
major ones.

INTRODUCTION

The results of field work carried out during the dry
seasons of 1963 and 1964 are presented here. Additional
field work was done after the verbal presentation of
this paper in 1965, and the results are included. This
is presented in preliminary form because petrographic
work and systematic plotting of tectonic data have not
yet bgen carried out.

The area covered by the survey is the quadulateral
approximately 20 miles E-W, 10 miles N-S, bounded by
the tojwn of Arima, the villages of Grande Riviére and
Salibea, and by Chupara Point. The topography of the
enclosed map is largely based on that of the Geological
Map of Trinidad 1959 by H. G. Kugler. The working
results and the final map are kept on 1:25,000 sheets
preparted by the writer from air photographs
Part of the work was carried out with a grant from
H.M. Department of Scientific and Industrial Research.

" Dominion Oil Ltd. helped the writer greatly with air

photographs, maps and transport. Dr. M. Furrer
examiped many limestone samples and has presented
the palaeontological vesults in his paper at this
Caribbean Geological Conference. Mr. J. B. Saunders
has examined palaeontological samples from various
parts of the area. Through the kindness of Mr. M. H. S,
Barker, selected samples were examined at the
palynology laboratory of Shell Trinidad Xtd.

GEOGRAPHY

Tppographically the Northern Range appears as an
east-west trending watershed. The northern slope is
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steeper than the southern one due to the general south
dip. The cliffs of the north coast are undergoing erosion
by the Caribbean Sea. The south flank of the Northern
Range descends to Quaternary terraces and alluvial fans,

In the area covered here the range can be divided

in two. In the west the watershed lies along the middle

of the range on a high spine through Morne Bleu
(2,781 ft.) and Cerro del Aripo- (3,085 ft.) . But this ridge
only extends eastwards as far as the Oropouche River.
Beyond, the watershed is displaced about three miles
north on to a different ridge which rises east of the

Madamas River, passes through Cerro del. Oropuche

(2,159 ft.) and continues eastward to the coastal shelf.

The area is thickly forested except for cocoa
plantations "in the accessible valleys, and coconut
plantations on the north coast,

Communications are not well developed. Only the
Blanchisseuse Road wcrosses the Range from north to
south in this area. Roads run part’ way up some of the
southern valleys, A main E-W road lies outside the

area to the south. On the north coast the eastern and

western ends are served by roads, but the central part
has only footpaths,

Outcrops are largely confined to stream bottoms,
road cuts and coastal sections. Tropical weathering is
severe and rapid. New road cuts in argillaceous rocks
have been observed to become unuseable in less than
a year. New vegetation also covers road outcrops rapidly.

Much of the area has a rainfall of over 100 inches
per annum which falls chiefly between May and
December. Field mapping is best carried out between
early January and late April. In 1964, however, work
was stopped by heavy rains in mid-April. In that same
year a hurricane in Tobago had brought heavy rains
to the north coast, and many hunting trails and narrow
valleys were blocked by fallen trees..

Previous Work

A full historical account of geological work in the
Northern Range is not intended in this preliminary
paper. This part of the Range has had less attention
than either the western or extreme eastern parts
because of the difficulty of access.

The rocks of the Northern Range were described
by Wall and Sawkins (1860), and by later writers.

An important ammonite locality was discovered by
Hutchison (1938) and the fossils identified by Spath
(1989), The stratigraphy of the Northern Range was

discussed by Suter (1951) and by Kugler (1953) and -
* the Geological Map of Trinidad compiled by Kugler

(1959) showed this area on a scale of 1:100,000.
The geology of the Toco district has been described

. by Barr (1963)., The Toco -district lies at the eastern

end of the Northern Range, immediately east of the
area here described. The same author (1962) presented

a cross-section through the Northern Range along the
Blanchisseuse Road.

STRATIGRAPHY

The rocks of this part of the Northern Range are
sediments at a low grade of metamorphism. The
commonest rock is a dark grey sericitic phyllite;

quartzitic sandstones and quartzites occur throughout
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the series; a sequence of recrystallized limestones and
calcareous phyllites outcrops in several parts of the
area. The oldest known age in the Northern Range is
Upper Jurassic'and the youngest uppermost Cretaceous
to Paleocene.

Wall and Sawkins  (1860) included all these rocks
in the “Caribbian Group” and subsequent writers
retained the convenient term “Caribbean Series”. The
subdivision of the metamorphic rocks was based on
observations at the western part of the Range by Suter
(1951) and Kugler (1953). At the extreme eastern end
of the Range Barr (1963) made a definitive subdivision
based on fossil occurrences east of the Grande Riviére

- Fault in the Toco area and provisionally extended this

subdivision. to the Blanchisseuse Road (1962).

One of the problems to be examined in this area
was this relationship between the metamorphic rocks
to the west and those of the eastern tip of the Range
where fossiliferous horizons -had been identified.
Unfortunately no new macro-fossil localities were
found in the lower part of the succession in the-area
mapped, and examination of the limestones, (Furrer,
1965), while confirming the general Lower Cretaceous
to Upper Jurassic age of all the samples, could not
allow detailed zoning. Samples of phyllites, calcareous
phyllites and limestone were examined by Shell Trinidad
Palynology Laboratory, but proved to be barren of
identifiable flora. J. B. Saunders identified Upper
Cretaceous faunas in samples from the upper part of
the succession. Other techniques for correlating these
formations will be tried.

The. identification of numerous isoclinal folds has
caused the writer’s estimates of stratigraphic thickness
to be much less than former published figures. In
addition the ynapping on some structures has revealed
unexpected stratigraphic relationships. '

Microscopic examination of samples has not yet
been carried out, therefore the petrography of the
succession cannot be described here. In this preliminary
paper full lithological descriptions are not attempted.

Maracas Formation

These beds were first described by Suter (1951)
and the type section lies along the north .coast road to
Maracas Bay. Kugler (1953) discussed the relationship
of these beds with similar rocks in the Paria Peninsula,
raised them to formation status (1955), and showed
them extending eastwards along the crest. of the North-
ern Range (1959). Barr (1962) identified this forma-
tion on the Blanchisseuse Road.

In the eastern part of the Northern Range the
Maracas Formation appears as a succession of fine
grained sericitic sandstones interbedded with hard dark
grey sericitic phyllites. There are beds of coarser
quartzitic sandstones and grits at different horizons.

The bottom of the formation is not seen, Allowing
for the contortions that can be seen, the apparent
thickness of 6,000 feet exposed has been reduced to 5,000
feet of Maracas Formation in the Blanchisseuse Road
area—the best and thickest section in the eastern part
of the Range: The base of this section cannot be seen
because of the Brasso Seco Fault.

Originally the section must have been a thick
sequence of interbedded silts and mudstones with some
thicker beds of fine sandstone and several beds of purer
mudstone, The character of this section as ‘flysch’ has
been noted by Kugler (1958) and the occurrence of
turbidites discussed. Good ‘outcrops showing what
appears to be slumping towards the south have been
observed and photographed by the writer. Unfortunately
the rapid weathering of these beds has already made
these outcrops unreadable. v :

The outcrop of the Maracas Formation narrows

eastwards from the Blanchisseuse Road area but the

lithological character remains the same. On the Matura
River one outcrop of siliceous phyllites in the core of a
tight fold has been mapped as Maracas Formation on
the grounds of lithology and tectonic style. |

North of the Brasso Seco Fault there is an area of
just over one square mile on the Blanchisseuse Road
and Machapure River (a tributary of the Marianne
River) where lithology and tectonic style (see}below)
resemble the Maracas Formation and are different from
the outcrops on the Yarra: River to the wést and
Marianne River to the east, At this time this!area is
mapped as Grande Riviere Formation but the
possibility that it is Maracas Formation overlying the
surrounding Grande  Rivitre Formation in tectonic
contact should be borne in mind.

The Maracas Formation underlies the Rio Seco
Formation for which an Upper Jurassic (Tithonian)
age has been established -(Hchhison 1938, Spath 1939).

| |
Rio Seco Formation |

This Formation was described by Barr [(1963),
having been established by that author in a thesis
submitted in 1953 and used by other authors sirice that
date. The type locality is on the Rio Seco itself} it lies
on the eastern boundary of the area now described.
Kugler (1959) and Barr (1962) correlated many of the
limestones of the Northern Range with that Forjnation.

Previously individual massive limestones had been
named after areas of good outcrop, e.g. Aripo,| Cuare,

Hollis. Mapping has now indicated that these limestones

lie in the Rio Seco Formation. At this time no attempt
is made to extend the correlation to the Maraval Beds
of the western end of the Northern Range.

On the Rio Seco this formation consists of da}"k
grey to black calcareous phyllites interbedded with thin
dark grey, often recrystallized limestones. Over much
of the Northern Range however, the limestones become
massive and are separated by only thin bands of
phyllites (both calcareous and non-calcareous)

The relationship between these two types of
lithology does not seem to be purely one of succession.
They appear to be two facies of the same formation
with massive limestone lying along the central Lﬁart of

the present Northern Range and calcareous phyllites '

lying on the flanks. |

At one time the writer thought that this fOI‘;'mation "
could be divided into an upper member characterized by -
calcareous phyllites with thin limestone bands, and a

-lower member of massive limestones. This differentiation

is not valid everywhere; massive limestones appear highf
‘ L
o !
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. in the section near the core of the range. While it is

proposed to treat the boundary between massive lime
stone| and calcareous phyllite as a facies one, the
possibility must be borne in mind that the -Grande
Riviére Formation may lie unconformably on the Rio
Seco Formation, and that the upper part of the latter
may have been removed by erosion in the centre of the
range, - '
gCong.g:lomeratic limestone has been found at several
localities: Hollis Reservoir, Cumaca River, Madamas
Rivey, Matura River. At various localities dolomite
appears to occur, Furrer (1965) has suggested the
presence of voleanic material at Brasso Seco in one of
the wiriter’s samples.

he only dated fossil locality is the Hollis Damsite
where Hutchison (1938) found the Tithonian ammonite,
Virgatosphinctes cf. V. transitorius (Oppel) (Spath
1939){., The fossils were in phyllites associated with
limestones. Kugler (1959) and Barr (1963) assume that
this éossil horizon lies at the top of the Rio Seco
Formation, Although the writer has mapped a
completely different structural situation in which the
Cuar¢ locality appears to be an isolated anticlinal
featu}‘e surrounded by Grande Riviére Formation, the

stratigraphic position of the ammonite bearing horizon
appears to be the same, ie, at the top of the Rio Seco
Formation, ,

urrer (1965) has examined thin sections of
limestones in the Northern Range including many from
the writer. He concludes that, apart from the dolomites,
they are all echinoid limestones and suggests a general
Upper Jurassic to Lower Cretaceous age. One of the
most |interesting points is that these samples came not
only from the Aripo, Oropouche, Rio Seco main outcrop
area, lbut also from Brasso Seco and Madamas River,
and most importantly from the northern outerop
extenling from Grande Riviére to Paria River.
This northern outcrop area was shown as Toco

- Formation on Kugler's 1959 map. The writer found

these! rocks indistinguishable from the Rio Seco
Formation outcrops in the type area, found them lying
below Galera Formation and apparently below Grande
Rivitre Formation, and has therefore mapped them as
Rio Beco Formation. Furrer’s findings confirm this
identification, but as yet no definite fossil locality has
been found in this outcrop area.

bservations of stratigraphic contact between Rio
ormation and Maracas Formation are difficult to
find, However, in the Arima, Guanapo, Platanal and
Matura Valleys this relationship appears to be
approximately concordant.

hicknesses are difficult to measure because of
tight [folding. On the Arima River a thickness of 1,220
f Rio Seco Formation can be measured and

Seco

incredse to about 2,500 feet on the Oropouche River.

Grande Riviére Formation

his Formation was described by Barr in a thesis
(1953) and published (1963). The type section is on
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the Grande Rivitre, but access to this stream is difficult.
The formation consists chiefly of unfossiliferous mono-
tonous non-calcareous slates and phyllites. There are
occasional spotted phyllites. Interbedded schistose grits
and guartzites both bedded and massive form prominent
topographic features. These beds are characterised by

~ complex isoclinal folding and thickness is difficult to

estimate, At this time the writer is unable to measure

_a stratigraphic thickness greater than approximately

3,000 feet, - . ) :

The Balandra Grit has been described by Barr as
the basal member of the formation. These schistose
grits can be recognised in the eastern part of the area,
but grain size appears to -decrease towards the west,
and the member appears to be missing in a number
of places. '

Although a regional unconformity may well separate
the underlying Rio Seco Formation and the Grande
Rivieré Formation, the . junction between the two

. appears to be approximately conformable at a number

of scattered localities,

" Galera Formation

This formation was described by Barr (1963) with
the type locality at Galera Point, the north eastern tip
of Trinidad, Intense folding makes measurement of
thickness difficult; in the area now discussed only about

1,500 feet of section can be clearly recognised. The

formation consists of non-calcareous dark grey shales,
occasionally silty and quartzitic sandstones ranging in
grain size from coarse to very fine. In the lower part of
the section sandstones predominate while the upper
part is almost wholly shale. ' :

Bolli (unpublished) recognised microfaunas of
Senonian to Maestrichtian age in the Toco area.
Saunders has identified the same faunas from the
writer’s samiples along the north coast between Grande
Riviére and Blanchisseuse, .

A change in lithology occurs in the Grand Matelot
area. Here the bedded quartzitic sandstones of the
lower to middle part of the formation are replaced by
a thythmically banded (2 inches) sequence of quartzites,
chprts and phyllites. Between 300 feet and 500 feet of
this succession appears to be present. Nearby on the
Pgtite Riviére is a section of massive uniform light grey
micaceous mudstone. Tentatively this rock appears to
have been leached mudstone, The cherty beds of Grand
Matelot resemble the bedded cherts of the San Antonio
Formation of Eastern Venezuela.

The metamorphism of the Galera Formation
appears incipient only, except in the north western part
of the area where schistose grits and spotted phyllites
occur, very similar to the lithology of the Grande
Riviére Formation.

The base of the Galera Formation appears to lie
more or less conformably on the top of the Rio Seco
Formation. However, the situation is complicated by the
fact that the basal part of the Galera Formation is
usually a sandstone, while the upper part of the Rio
Seco Formation is calcareous phyllite with many minor
structures which do not effect the thick overlying
Galera sandstones. The top of the Galera Formation is
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not seen,

The field relations between the Galera and Grande
Riviére Formations require elaboration. South of
Grande Riviere Barr suggested that the Galera
Formation on the north might lie unconformably on
the Grande Riviére Formation to the south. Mapping
indicates that the quartzites mapped by Barr as Grande
Riviere Formation can be traced into the Galera
Formation further west, on the Homard and Shark
Rivers. The whole outcrop area appears to be Galera
Formation lying on the north side of an outcrop of
Rio Seco Formation. On the south side of the anticlinal
outcrop of Rio Seco Formation the main outcrop of
Grande Riviere Formation occurs.

Based ‘therefore on field relationships and litho-
logical similarity the writer suggests that the Grande
Riviere Formation may be the equivalent of the Galera
Formation at a higher grade of metamorphism. In fact
at Chupara Point part of the Galera Formation outcrop
reaches as high a metamorphic grade as the Grande
Riviére Formation to the south. Whether the lack of
microfossil evidence in the Grande Riviére Formation
is due to destruction by metamorphism or to unfavour-

able environment is not yet clear. At this preliminary

stage the outcrop areas of the Galera and Grande
Riviére Formations have been lettered separately on
the enclosed map.

STRUCTURBE

The general structure of the eastern part of the
Northern Range is anticlinal with the Maracas
Formation occupying the core of the Range and Rio
Seco and Grande Riviére Formations distributed to
north and south. The axis of the structure lies east-west
and the gentle eastward plunge of about 8° appears to
continue over the whole twenty miles of the mapped
area. The whole Maracas Formation outcrop is one
south dipping limb with dip probably steepening south-
ward. There is no north flank; the Brasso Seco Fault has
downthrown. the rocks to the north bringing Rio Seco

and Grande Riviére Formations in fault contact against
the Maracas Formation.

A second anticlinal feature lies about 4 miles north
of the main structure and parallel to it, Presumed Rio
Seco Formation is exposed in the core of this structure
between the Grande Riviére and Paria Rivers.

One of the most interesting results of this mapping
has been the delineation of universal isoclinal folding in
the Rio Seco, Grande Riviére and Galera Formations.
This has emphasised the marked difference in struc-
tural style between the Maracas Formation and the
lower part of the Rio Seco Formation on the one hand,
and on the other, the upper part of the Rio Seco Forma-
tion, the Grande Riviére Formation and the Galera
Formation.

The Maracas and lower Rio Seco outcrops dip
southward at low angles, rarely more than 80°. There is
some tendency for the dip to increase southwards, Minor
recumbent folds are widespread and all show movement

' of the upper beds southwards, ie. down the regional
dip. Slumping southwards can also be seen in these beds,

At first these minor folds were assumed to be drag
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folds, and various tectonic hypotheses were examined to
explain the apparent inverted position of the beds. But
in any case the few sedimentary indications of succession
contradicted this overturning. Now the writer suggests
that these folds, together with associated flat cleavages
reflect |an episode when younger beds in and over the

Maracas Formation moved southwards, possibly sliding

under gravity. , )

South of the flat lying Maracas core is a zone
where the Rio Seco limestones in the Matura-Platanal-
Aripo area are folded in a series of steep to overturned,
often isoclinal, folds. Axial planes dip steeply south
southeast. But the northernmost (lowest) limestones of
the Rip Seco Formation in the Aripo and Platanal areas
do not appear to be folded like this; they dip gently
ards like the underlying Maracas Formation. It

stablished. It is possible that in Platanal, ete.,
seeing both limestones in place, and the same

. beds which have slid southwards off the core of the

Range/ The gypsum horizon occurring in northwest
Trinidad and the Paria Peninsula in beds more or less
equivalent to the Rio Seco Formation, has not been
observed in the eastern part of the Northern Range.
But if [it had been present it might well have provided
a sliding plane.

Squth of the Platanal trend folding becomes
isoclindl especially in the Grande Riviére Formation.
Axial planes dip steeply south southeast. There seems
to be some tendency for axial planes to dip more steeply
in the (southern part of the area.

Fig. 2: Geological Map of the Eastern Part of the Northern Range of Trinidad.

On the accompanying sections it has been assumed
that the isoclinal folds in the Grande Riviére Formation
become more open downwards in the Rio Seco
Formation, and that the uppermost limestones in the
Oropouche-Platanal area have been folded on the
unfolded lower limestones of the same formation. Both
these assumptions may be revised.

North of the core of the Range, the Grande Riviére
Formation is also isoclinally folded together with the
Rio Seco Formation. Axial planes dip steeply south
southeast here also. Mention has been made above of
the relatively flat dipping area between the Marianne
and Yarra Rivers, at Morne la Croix on the
Blanchisseuse Road, where Maracas Formation may be
present.

A change takes place in the Galera Formation in

“the north of the area. In the eastern part of this outerop

isoclinal folding on nearly vertical axial planes is
dominant. In the western part of the Galera outcrop
we see larger overturned folds with axial planes dipping
steeply south southeast. This change in structural style
may reflect the increase of metamorphism in the Galera
Formation towards the west.

A number of faults can be recognized. The Brasso
Seco Fault is the most important, bounding the Maracas
Formation outcrop on-the north and running across the
whole mapped area from east to west, This fault was
described as the Brasso Seco Thrust by Kugler (1959)
and Barr (1962). However, it has been observed in
various headwaters of the Marianne, Paria and
Madamas Rivers and appears to be nearly vertical.
Comparison must clearly be made with the El Pilar
Fault, but there is no evidence for lateral movement of
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the Brasso Seco. Fault, The vertical throw must be in
the order of 5,000 feet at the western end of the mapped
area, decreasing to the east and appearing as only a
minor fault east of the Rio Seco.

The Avocat Fault appears as a marked E-W
topographical feature between the Yarra and Matelot
Rivers. However, on the Yarra River, although minor
faulting can be mapped, alluvium hides the main fault.
East of the Matelot River the fault appears to die out,
and on the Shark River a normal contact between Rio
Seco and Grande Rivitre Formation can be seen. On
the Madamas River the fault appears to be nearly
vertical. This fault is downthrown to the south by an
unknown amount at the east end, has very litile throw
on the Madamas River, and may be downthrown to the
north on the Marianne River. It must be borne in mind
that despite the topographic prominence. of this feature,
the fault, some 12 miles long, may be relatively minor,
and it may have been emphasised by differential erosion
of the calcareous phyllites of the Rio Seco Formation
- and the quartzitic sandstones of the Grande Riviére
Formation, :

The Arima Fault can be followed from the Arima
Valley eastwards to the Oropuche River. On the
Oropuche River, 114 miles south of this, there are
fault indications which may line up with faulting at
Matura Point. Here at Matura Point there are good
indications of wrench faulting on a trend of 080°. In
steeply dipping shales and sandstones of the Grande
Rivitre Formation, the northern beds appear to have
moved eastwards with reference to the southern beds.
Similar evidence for lateral movement has been noted
on small E-W faults in the Matelot area, not shown
on the accompanying reduced map.

The Grande Riviére Fault (Barr 1963) separates
relatively unmetamorphosed fossiliferous = sediments
from the metamorphic sequence described above. In the
Grande Riviére Valley the writer maps the fault some
500 yds. south of the position shown on Barr’s map.
This is based on excellent outcrops near the junction
of the West Grande Riviére with the main river, where
bedded quartzitic sandstones of the Galera Formation
are faulted against massive Zagaya limestone of the Toco
Formation. A second parallel fault may lie along the
east side of the Grande Riviére Valley.

Faulting has been observed at Chupara Point and
at: Verdant Vale in the Arima Valley, but these
occurrences do not appear to line up as the Chupara
Fault mapped by Kugler (1959). At Chupara Point the
faults can. be seen to dip southwest at 50° and the
throws appear to be normal.

At least two small wrench faults can be seen at
Verdant Vale, and one spectacular faulted cliff appears
above the western side of the Arima Valley. The outerop
west of the valley is much broader than that east of
the Arima River, but this is not entirely caused by
wrench faulting. Lithological comparison of the lime-
stones across the valley suggest that the upper dark
coloured bedded limestone is continuous across the
valley, while the lower white recrystallised limestone
has disappeared to the east, presumably by some type
of bedding plane slip not easily recognised,

Cutting across the highest and least accessiblé: part
of the Northern Range from the headwaters of the
Aripo River to the headwaters of the Madamas [River
there is a NE-SW topographic feature that appears
to fault the outcrops of Rio Seco Formation., This
has been shown on the attached map as a wrench
fault complimentary to the usual Los Bajos trending

- faults. But exposures of this fault have not been found

in. this high ram forest, and one should perhaps keep in
mind the possibility of a northwest dipping thrust
cutting across the Range from the Madamas River,
through the Aripo area, to the Arima Valley at Verdant
Vale, which would explain detailed changes in limestone
sections on a tectonic basis. The possibility of a sliding
hypothesis has already been mentioned.

A general comment on the structure of the drea is
one of surprise that folding appears to be: more
important than faulting in drawing the outlines of the
Northern Range here, A vertical throw of 5,000 féet on
the Brasso Seco Fault, without any evidence of lateral
movement, is in line with evidence for similar movement
in the southern boundary fault of the Northern Range
in the Port-of-Spain area. The dating of lateral move-

ment on E-W faults at Matura and Matelot is unsure, ,

becauge it lies within _the Caribbean Series tself.
Certainly the Pliocene-Pleistocene gravel fans at the
mouths of the rivers in the Northern, Range show no

evidence for lateral movements since, say, late Pliocene.

time.

- The metamorphism of the Northern Range is not
discussed now, The relative age of folding in the
Maracas Formation and in the younger beds v%ill be
investigated, together with other questions in this
fascinating and complicated area. 1

I
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A
ABSTRACT W

Field mapping in the northwestern peninsula of Trinidad has led to the
alpine style recumbent fold nappes. Diagrammatic cross sections are presented
suggests that sediments forming the Caribbean Group came from the north. The paleo-geographical implications of this are discussed in

the geology of northeastern Venezuela. Polyphase folding is briefly described and it is hoped to correlate the phases with similar folding in| Venezuela, )

INTRODUCTION

As field mapping in the Northern Range of Trinidad has now
reached the western end of the range, it is believed that some of
the features mapped, and general conclusions reached, may have
interest for those geologists working in northeastern Venezuela, and
to those members of A.V.G.M.P. who visited the Northern
Range in 1969.

Briefly, the mapping has led to a revised stratigraphic column
for the Caribbean Group, as measured in the Port of Spain, Maraval,
Maracas Bay areas. It has also led to the recognition of Alpine style
recumbent folding on a large scale. Nappes are hypothesised,

although the boundaries of such nappes cannot be recognised, The -

larger scale significance of some palacocurrent observations involves
ideas about the origins of the Caribbean area.

STRATIGRAPHY

The revised stratigraphic column for the Port of Spain area is
shown in Fig. 1. The Maraval Formation is now seen to be the
oldest formation in the area. It consists of recrystallised limestones
and marbles at least 400 m thick; the base of the Maraval Formation
is not seen in the northwest of Trinidad.,

The Maracas Formation overlies the Maraval limestones without
any apparent unconformity and with some evidence of a transitional
boundary. It consists of approximately 1500 m. of interbedded
slates, schists and quartzites, together with more massive quartzite
beds. In character the Maracas Formation appears to be flysch and
the major part of the formation seems to consist of turbidites. A
bed of volcanic ash occurs in this formation and other horizons
seem to include ash components.

The Chancellor Formation overlies the Maracas quartzites
without any apparent unconformity and with some evidence of a
transitional boundary. It consists of approximately 500 m.of thin
recrystallised limestones interbedded with non-calcareous and calca-
reous phyllites, slates, and quartzites, At some horizons bedded

(1) University of London, King’s College, England.
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preparation of a revised stratigraphic column and to the recognition of
showing variations in this struceural style, Palaeocurrent evidence
relation to

limestones become predominant. It is supposed that the [Chancellor
Formation consists. partly of calcarecus flysch, probably proximal
turbidites and partly of near-shelf carbonates.

Unconformably on the Chancellor Formation are bedd of shales,
wildflysch and sandstones which are thought to be equivalent to

Morvant beds
> 200m.

Chancellor

formation
+ Loom.

Maracas

Formati pn

+ 1500m.

T Maraval

e Formatidn
> 4- OO'T\!

Figure 1.—Generalized Stratigraphic column of the Caribbean Group
: in the Port of Spain area.
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the Galera|Formation, described in the Toco area (Barg, 1963).
These bedd have been described provisionally as Morvant beds.
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Figur!e 9.—Location Map of diagramatic Cross-Sections.

| STRUCTURE

The strl;cture‘ of the western part of the Northern Range is that
of an anticline overturned to the north. The south flank is relatively
steep and \has a number of subsidiary folds. The north flank is
to the north, and is essentially recumbent. Generally the
dip becomgs more recumbent northwards. This leads to the suppo-
sition that in the northern part of the mountains the exposed rocks
must be allochthonous.and must have moved as a nappe. Unfortunately
the autochﬁilon cannot be seen in the northwestern part of Trinidad.

A diagtammatic cross section from north to south across the
Northern Range in the Saut D’Eau Island, Maraval, Port of Spain
area is shown in Fig. 3, which illustrates the general description in
the preceding paragraph.

N

overturned

Abercromby

thrown to the south cuts the structure in Teteron Bay and it is believed
that this fault has been traced northwestwards across the Boca de
Monos into the island of Monos. The effect of the fault is to reduce
the width of outcrop of the Maracas Formation in the upright limb.
On the south coast the limestones, phyllites and quartzites of the
Chancellor Formation are well-exposed at Delgada Point,

At the north coast, *fn the base of the vertical cliffs at Entrada
Point, a number of thin limestones appear. They also occur in the
next, un-named, point. It is suggested that these beds represent the
basal part of the Chancellor Formation in the overturned limb of the
structure,

An interesting and unexpected development in structural style
ocecurs in Las Cuevas area where a large exposure by the North Road
(map reference 758922) contains the features diagrammatically
illustrated in Fig. 5. The section consists of interbedded quartzites
and graphitic schists of the Maracas Formation. The relationship
between graded bedding, minor structures, and axial plane cleavage
(not shown on the diagram) indicates that the exposure is that of
the inverted limb of a fold system with south dipping axial surfaces
overturned to the south as in Fig. 6. Further examination of the
Abercromby Point .area and the exposures south of Las Cuevas
revealed that in fact the overturning to the north prevailed, but at

Las Cuevas the toe of the overturned recumbent fold had been

downbent above a thrust as shown in Fig. 6.

North of the thrust the overturned beds of the Maracas Fox-
mation continue under the axis of the fold, therefore the downbent
anticlinal closure at Las Cuevas is a feature of somewhat restricted
size. However it does illustrate the kind of folding that occurs in
the Caribbean Group of the Northern Range of Trinidad, If the
south end of the diagrammatic cross section shown in Fig. 6 can be
diverted slightly to run through St Augustine we see an interesting
variation. Here the beds of the Chancellor Formation dip steeply
northwards but “young” to the south i.e. they are overturned to

S

Las Cuevas Blanchisseuse Read St. Augustine
Point R —— :
:.§:" —'2_.. 7..\:\-...
. [ .' .'.',. ‘.\\\ .\ . .\

/

The stijucture at the western end of the northwestern peninsula
is somewhgt different. This is shown in Fig. 4. The core of Maraval
marbles has now disappeared, either because of a general plunge
to the west) or because of increased thrusting from the south. In view
of the brdad outcrop of recumbent overturned north flank from
Teteron By through Scotland Bay to Entrada Point the thrusting
hypothesis [does not seem very likely, and it is believed that the plunge
of the maiin anticline has been mapped successfully. A fault down-

Figure 3.—Diagrammatic cross section AA.

the south. However as we go northwards we find that they become
vertical and then turn over to a normal south dipping section.
It is suggested that this change in overturning is part of the
evidence that these great recumbent folds formed under gravity
gliding conditions following either uplift along a line more or less
where the southern edge of the Northern Range is now, or under-
thrusting of oceanic crust from the north at the edge of the
continental crust in the same place. ‘
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HISTORY OF FOLDING

Different phases of folding have been recognised in northwes-
tern Trinidad. The first folds are associated with the major recum-
bent fold nappes, axes are more or less E—-W. However many of
these folds |are seen to be refolded on more or less parallel axes in
a second phase. Following this there are a number of later folds
on N—S afes. Finally the calcareous sediments of the Chancellor
Formation, | and the more argillaceous portions of the Maraval
Formation, |display near-surface gravity collapse structures that may

~ be associated with decalcification of the calc-schists.

hoA o &

q

PALAEOGEOGRAPHY

A eugeosyncline developed on the site of the present Northern
Range in Upper Jurassic to Lower Cretaceous times, together with
a miogeosyncline in Lower Cretaceous times in central Trinidad.
Both these |basins may have started earlier, because we cannot see
the bottom|of either the Caribbean Group or the Cuche Formation.
The trend Jof the eugeosyncline is not clear, although it might be
expected to| parallel the northern edge of the Guayana Shield, ie. to
be E-W or] NW-SE. Some 2500 m. of sediments, largely flysch, were
deposited i this trough.

The sedliments might have been expected to have come from
the Guayania Shield to the south, but in fact palaeocurrent evidence
indicates that the sediments of the Maracas and Chancellor forma-
tions, including the ash bed, came from the north. It is possible
that this material had originally been derived from the Guayana
Shield and |had been deposited to the north of the present Northern
Range and then eroded and laid down in the developing trough,
but it seems more likely that the source area itself lay to the north.
It may have been part of the North American crust, or possibly a
piece of Caribbean, continental crust which has been broken up and
moved since Mesozoic times.

Following the filling up of the eugeosyncline with the deposition
of the Chapcellor Formation, there must have been relative elevation
of the south flank of the basin, because large scale recumbent

folding occurred, overturned to the north. This could also be
explained by thrusting of the Caribbean oceanic plate under the
edge of the Guayana continental plate. Following this elevation
occurred and the Morvant beds, including wildflysch, were laid
down unconformably on the older part of the Caribbean Group.

All this activity preceded the formation of the Antillean arc.
Possibly the next phase of tight folding may have been contempora-
neous with the beginning of the island arc and the development
of the major faults which bound the uplifted block of the Northern
Range. But the mountain structures as we Ssee them today had
already been formed.

CONCLUSION

The presence of Alpine-type recumbent folds and nappes in the

Northern Range suggests that similar structures may be present
in the Peninsula of Paria. The general plunge to the west in
northwestern Trinidad indicates that major faulting must occur in
the Dragon’s Mouth. The presence of several phases of folding
in Trinidad leads to the hope that similar phases can be recognised
in Paria and correlated with Trinidad.
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Carpathians and perhaps longitudinally replaced. At the same time the sea transgressed farther
into the Bohemian Massif, where the Carpathian Foredeep began to form. It was filled by molasse -
beds showing especially in the marginal parts some platform signs. During the Miocene the
foredeep was gradually displaced towards the Bohemian Massif,

Tectdni(‘: Deﬁudation as Exemplified
'by the Heart Mountain Fault, Wyoming

William G. Pierce.
US.A. '

. Tectonic denudation, sometimes improperly called a pull-apart, is used here for the process of
b .. laying bare a segment of the earth by tectonic movement. It is rare, but where found determines
iniportant principles for the mechanics of the associated faulting; for example, tectonic denudation
is not comﬁatibl_e with a thrust produced primarily by a push from the rear. .
. The Heart Mountain fault, on the east side of the Rocky Mountain front in northwest Wyoming,
. * produced a surface of tectonic denudation over 50 km in length, measured in the direction of upper
: plate movement, with many scattered blocks of the upper plate resting upon it. That fault, which
extends for 100 km in the direction of movement, had horizontal movement of the frontal beds of
about 50 km. Although the slope on which movement took place is very low, probably less than
" 3'degrees, movement of the upper plate and the tectonic denudation accompanying it must have.
been extremely rapid. Near the close of the early Eocene, 450 to 750 m of strata, mostly Paleozoic
* carbonates, were tectonically removed. Immediately after denudation, volcanic rocks blanketed
the area and entombed the denuded surfaces. : ) ‘ ' §
Tectonic denudation by the Heart Mountain fault occurred at a single stratigraphic horizon, ‘
about 2 m above the base of the Ordovician Bighorn Dolomite, The surface of tectonic denudation
has been preserved by a widespread blanket of lower Tertiary andesitic volcanic rock, mostly
- breccia, which is only .now being removed by erosion. The contact between volcanics and the
tectonic surface is sharp, the strata below are not brecciated, and locally a thin veneer of carbonate '
fault breccia remains on the tectonic surface on which the volcanics were deposited. Ina num-
ber of places some of this comminuted limestone breccia and rock flour has been injected as
limestone dikes in the basal part of the volcanic rocks. :

%
4
i

&

Faulting in the Northern Range of Trinidad, _ :
H. C. Potter . o L o L o
United Kingdom

Geophysical work at sea led to the formulation of theories on the formation of Island Arcs. One o ‘ !
)  of the factors in discussion of the West Indian Island Arc has been the possibility of wrench faults '
. ’ with large displacement on both the North and South flanks of this Arc. Much of the literature R
[ has been theoretical, and very little field mapping has been done, Recent mapping in the Northern o o
Range of Trinidad has provided data for examining possible movement on El Pilar Fault. There '
is good evidence for vertical movement of up to 6000 feet on this fault and on the Brasso Seco
Fault; but no evidence for lateral movement. In addition.lateral movement since late Pliocene
time is not suggested by the positions of buried Plio-Pleistocene alluvial fans. Evidence for lateral
movement has been found in the Matura and Matelot areas. - » S
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Observations on the Laventille Formation, Trinidad
by
HEeNRY ‘CLIFFORD POTTER, London

With 2 Figures

ABSTRACT

" Based on field mapping it is suggested that the Laventille limestones outcrops represent discrete
carbonate platforms or reefs lying within the upper part of the predominantly shale Laventille forma-
tion. A zone of penecontemporaneous disturbance is described in the eastern part of the Laventille

. Limestone outcrop. Correlation of the Laventille formation with the metamorphic Chancellor forma-
tion is suggested. .

lhtroduction

Since WaALL and Sawkins (1860) noted the difference between the ‘crystalline
limestones contained in the slates’ of the Northern Range,and the ’compact limestones,
either quite unconnected with the schistose group, or only associated with- its upper
strata’ in the Laventille Hills, there has been considerable interest in these rocks. A
detailed bibliography is not attempted, LipbLE (1928) raised them to formation
status. KUGLER (1953) included the Patos conglomerate in the Laventille formation,

- and also(1959) included some of the phyllitic shales along the southern margin of the
Northern Range between Port of Spain and Arima.

Field mapping has recently been carried out in northwestern Trinidad and an
account of some of the exposures -of the Laventille formation may be of interest
especially since most observers have concentrated particularly on the palacontology
of these rocks. ' : o

: ‘The map, Figure | is based on the Trinidad I:25,000 topographic sheet 13, of 1970.
- Map references are given on the international metric grid.

- Lithofacies Distribution

- The Laventille formation as mapped by KuGLer (1959) consists of two different
lithofacies. The Laventille limestone is a succession of bedded to massive limestones
with subsidiary interbedded phyllitic shales, while the rest of the Laventille formation
consists of phyllitic shales with a few thin bands of limestone and a few thin quartzites.

The boundary between the two is clear and sharp and can be mapped around the
Laventille Hills (Fig. 1). ' '




©* Laventille Foriation, Trinidad

leestone

stu:bed zone close
hatched :

Lavent:lle rm (shales)

?fthahEMTorTny.

Geologlcal map of Laventllle area showmg dxsturbed zone in: Lavenulle 1imestone and quames. :, .
Al ‘A<F descrlbed intext.. ' . R

From‘ Laventllle eastwards the formatlon is: predommantly shale although At

“of: quartzxtes ‘and a few small exposures of. gypsum and anhydrlte, Westward from
,Laventllle the only exposures are on the islands ‘of Gaspar -Grande, Gaspanllo
‘Carrera,. Cronstadt the Five. Islands, Patos in Venezuela, and on the pemnsula of =
nte Gourde These western exposures are massnve hmestones w;th only substdlary e

alluvigm | = o0

few localmes hmestones up to a few metres thick occur, as well'as occasional beds -
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It may have been assumed that the islands to the west represent only the exposed
peaks of an overall limestone development that stretches all the way from Laventille
to Patos. But the sharp boundary between the limestones and shales in the Laventille
area can be used as a model, and the flat sea floor around the islands suggests that
most of that sea floor covers shales. The vertical edges of all the limestone islands
suggests that some erosion has taken place, but it may not have been great, limestone
debris seems rather limited in arca. This may not have been true of the present sea
floor between Gaspar Grande and Pointe Gourde. But it is suggested that in general
th‘e extent of the present islands lepusmts the extent of the original limestones,
al} owing for some erosion, »
The isolated plates or blocks of limestone at Laventille and in the islands’ area
could have had either a stratigraphic or a tectonic origin. They could be reefs or
platform carbonates developed locally within the Laventille formation, they could be
injunconformable contact with that formation, they could be klippen or they could be
wnldﬂysch blocks. A suggmted origin will bc discussed helow

| Most of the previous work on the Laventille formation has been palaeontological

in nature, concerned with the age and correlation of the beds, however one structural
stﬁdy was carried out by . Rumsky and P. VERRALL. Although the work is unpub-

Structure

lished the results were shown by KuGLER (1959) in the Geological Map of Trinidad.

The structure of the Laventille quarries area was interpreted as a NNE plunging
syncline with parallel subsidiary folds. The limestone was shown as faulted against
shzllles to the north and to the east. Other minor faults and subsidiary folds on other
axgs were also mapped by these workers.

The general synclinal nature of the limestone outcmp and the 9ubsnd1ary folding

‘ard confirmed by recent mapping in the area. However although there is abundant

evidence for minor-faulting. the writer has not been able to confirm the presence of
majjor faulting bounding the limestones to the north and east. To the south and east
the limestones form an inward dipping scarp overlying the thick shales of the forma-
tion. To the west there appears to be an erosional edge and the limestones are bounded
by lalluvium. However to the north although faulting is involved, the edge of ‘the
limestones is much more complicated than that to be expected by simple bounding
fault. There is a zone of interdigitation of carbonate and Sh’lle which will be discussed
below.

On the whole the Laventille quarries area seems to represent. at least in the upper

. limestones, a crumpled saucer-like synclinal feature, with the major axes trending NE,

On the Western Islands and Pointe Gourde the structures in the limestones appear
to be rather open folds on axes trending approximately ENE. As might. by expected
folding in the interbedded (and underlying) shales is more intense than in the lime-
stones. [n general folding on the islands and Pointe Gourde seems similar to the
folding seen in the Laventille area.

- |To the east of Laventille folding is intense in the predominantly shale part of the
formation. Overturning to the north can be seen in the folded exposurcs along
Riveerside Road, east of St. Joseph. It is assumed that the difference in folding between
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the limestone areas and the shale areas is duc simply to the competent nature of the
limestones. v - , ’
On Figure ] Morvant. beds are shown as a. number of synclines lying on the
Laventille formation. This series of shales and sandstones is thought to be equivalent
to the Galera formation. [t appears to lie unconformably on the Chancellor formation
(POTTER 1973) and also appears to lie unconformably on the Laventille formation.
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Fig. 2. Sketches of Quarries in the Laventille area.
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i In the northern and eastern exposures of the Laventille limestone in the Laventille
¢ | area the phenomena illustrated in Figure 2 are seen in six separated quarries.
% In Quarry A at 648776 a block of massive recrystallised limestone without any
3 tobvious internal features except joints, fics in a section of weathered phyllitic shales.
: i D | The block is some 6 m high and the shales 8 1o 9m thick. Overlying the shales is some
K ':2m of bedded limestone, thickening irregularly to the northeast. The shales
3 rover the block, and to the North contain an increasing proportion of thin |
¥ ‘This is not a single block: several of the surrounding quarries show simil
»i B
4

are draped
imestones.

ar ones.
At B (649780) approximately 5 m of bedded limestones, Jointed and partly boud-

linised lie in a fossiliferous shale succession. This appears to be a faulted block with -
unfaulted shales draped over it. Some 100m to the East there is a similar exposure in
‘which shales are draped over disturbed and tilted timestones, however here some of
the phenomena could be due to hill creep, which is not so at B.

Cisalarge exposure at 646781 and contains a series of bedded limestones repeat- -

REp ' edly faulted down to the southwest and tilted to the northeast, with unfaulted shales
e lying draped over them. The shales are overlain by 1.5 to 3 m relatively flat cavernous
rubbly chalky limestone which also caps surrounding quarries,

Some 150 m to the northeast, at D'(647782) the lower limestones appear to be
faulted in the same way as in C. but the overlying shales have given way to thinly
bedded limestones and shales which lie irregularly, and apparently draped over the
lower limestones. The upper part of this expostre was inaccessible.

., In the northeastern corner of the Laventille limestone outcrop at E (648787)
approximately 8 m of bedded limestones lie conformably on phyllitic shales, and are
‘overlain apparently unconformably by 3 m contorted purple shales which are them-
., : selves overlain with apparent conformity by approximately 6 m cavernous chalky
S ~ rubbly limestone. The ‘unconformity’ here could be interpreted as a flat fault,
1 _Finally at F, the northernmost limestone exposure in the Gonzalez quarries
(644787) lilac to purple shales and white to red rubbly chalky limestones are faulted
twice against two 12 m blocks of bedded to massive limestone. The dip here is south-

"east and the faults appear to be downthrown to the northwest. i.¢. at right angles to
the throw in quarry C.

|" Finally having described these six disturbed quarries it must be remembered that
"4 few hundred metres west of them there are a number of large quarries in thick -
n'mestonc sections without appreciable shales, in which only conformable bedding
can be seen. These thick massive limestones form the core of the Laventille Hills.
| These disturbed exposures cannot be explained by hill creep, because the faulted
b}locks are capped not only by draped shales, but also by bedded limestones. At first
it was thought that there might be a thrust or flat slide and indeed there is evidence for

spme tectonic movement in the shales. However the spatial relationships between the

- quarries does not seem to fit such a feature.

: | The ‘unconformity’ cannot. be of a regional character -because it secems to be
‘ confined to a narrow zone. Morecover SAUNDERS (1971) reports that the same Lower -
Cretaceous microfauna occurs in the shales associated with the

. i the phyllitic shales north of the limestone mass.

Taking into account the shape of the limestone area. and the position of the disturb-
ed zone along the edge of the limestones we can look for a stratigraphic explanation.

quarry limestones as
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It ig noticeable that the disturbed zone coincides with a zone of remarkable increase
in limestone content in the Laventille formation. from ecast to west. It is suggested
that) this was the edge of a platform or reef which stood above the muddy sea floor
to tihe east, and that frontal blocks cambered and slid 101Wdl‘d along a zone akin to a
fore reef debris zone.

The platform continued to control carbonate deposition for some time as shown
by {u‘iations in the upper shales. but finally shallow seas prevailed overall, with the

sition of the upper limestone. Thus a stratigraphic origin is suggested for the
Laventille Hills limestone mass, and by inference for the western limestones too.
‘But 1jt may be that the smaller islands are either slip masses or faulted blocks, especially
an island like Gasparillo near the major fault zone. There is still a possibility that the
lowé:r limestones are considerably older than the rest of the Laventille formation.
They are more recrystallised than the upper limestones, and they could lie under
youh}:,u shales. But this is not too likely --in the southernmost quarries, phyllitic
shales like those in the rest of the Laventille tormdllon underlic what appears to be
the lowest limestone.

Correlation

Mapping in the area has not provided any clear insight into the age of the Laventille
formation or the correlation with neighbouring rocks. However it is noticeable that
north of the Laventille Hills it is not possible to distinguish between the phyilitic
shales of the Laventille formation and the phyllites of the Chancellor formation
(POTTER 1973). In fact one of SAUNDERS® (1971) Lower Cretaceous samples appears
to 1ié north of the major fault, in the Chancellor formation.

lt may be reasonable therefore to accept SAUNDERS' (1971) suggestion that the
Laventille formation is the age equivalent of the Toco formation and of the Guinimita
form‘dtlon of Paria {(GoNzALEZ DE JUANA [968) and to extend this correlation to the
'somewhat more metamorphosed Chancellor formation of the Northern Range, which
occuples a similar structural position to the Guinimita formation. In passing one
notes that GONzALEz DE JUANA (1968) considers the Patos limestone to be a reefal
development within the Guinimita formation and the Patos conglomerate, a reef talus.
The “llmestones of the Chancellor formation are usually thinly bedded, but at one-
locality on the Lady Chancellor Road near Port of Spain‘a reefal mound is exposed.

In th‘e southern bays of ‘Monos Island polygenetic conglomerates with quartzite and

* limestone components are developed in the Chancellor formation, interbedded with

and Penetrated by limestones. These conglomerates resemble those of the Guinimita
formation and the Patos conglomerate and support the correlation suggested above
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THE PLUNGE OF MINOR FOLDS IN THE WESTERN PART OF THE
NORTHERN RANGE OF TRINIDAD

Minor folds have been recorded and a selection of these have
been plotted on the accompanying 1 : 25,000 geological maps.
It is difficult to comprehend the overall pattern of the minor
folds from the maps themselves, and therefore all the fold axes

have been plotted on seven equal-area projections corresponding
to the seven areas shown on the location map, fig. 1.

The areas are as follows:

]
1. The western islands and the western end of the Peninsula 'i
including Scotland and Teteron-Bay. 1
2, The Northwestern Peninsula from area 1 to the Diego Martln i
valley. ]
3. The overturned northern flank of the Santa Cruz Anticline
from the Diego Martin valley to La Vache Bay and the Santa
Cruz valley.
4. ~ The overturned northern flank of the Santa Cruz Antlcline
East of the Santa Cruz valley.
5. The -south flank of the Santa Cruz Anticline between the
‘ Diego Martin valley and the Santa Cruz valley.
6. “ The south flank of the Santa Cruz Anticline to East of the
Santa Cruz valley.
7.

The outcrop of the Laventille formation from the
Laventille Hills to.St. Joseph.

The projections have not been contoured because the numbers of

folds vary greatly between different areas and it seems preferable
to present the data unvarnished.

AREA 1

A western plunge has been propoéed because the axis of the recumbent

Monos Anticline occurs high in the cliffs at Monos but lies out to
sea north of Chacachacare and Huevos. But this is not evidence of

a true plunge and could be explained by a northwestern trend of the
axis.

P iy ﬁﬁ
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In fig. 2 65 minor fold axes have. been plotted. The overturned
data from the northeastern corner of Monos and Scotland Bay are
shown separately. There is no evidence for a northwestern trend -
in fact there appears to be a clear ENE - WSW trend. Although

the axes are distributed on opposite sides of the projection,
there does seem to be an overall plunge of perhaps 10~ to the WSW.

There is a dlfference between the normal llmb which shows WSW

plunge fairly clearly, and the overturned limb in which there is
a suggestion of a plunge to the East. Of course all the overturned _ﬁ
data come from the eastern boundary of the area and may have been g
affected by the Morris Bay Fault.

A few folds plunge gently to the south and south east, and may
represent -the later warping noted elsewhere.

AREA 2

In the Northwestern Peninsula itself a western plunge had been
indicated by the outcrop of the Maraval formation on the Green
Hill Anticline, as well as by the disappearance of the Maraval

formation at the Diego Martin valley on the tentative prolongation
of the Monos Anticline.

The distribution of the fold axes in fig. 3 appears to congirm
this picture, and suggests an overall plunge of perhaps 15 to the
southwest. There is, however, a suggestion of a separate group of
folds plunglng gently to the ESE..

AREA 3

Along the north coast there appeared to be a change of trend
associated with the thrusting in the northern capes, but not visible ‘ Ll
in this area. The mapping did not suggest any plunge in this area AN

The projection, fig. 4 is based on only a few folds, but it shows
a main E - W trend with possibly a subsidiary trend WNW - ESE.
There does not appear to be any plunge. Both the new trend(s)

and the lack of plunge indicate differences w1th areas 1 and 2 to
the West.
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AREA 4

The thrusting in the northern capes has already been mentioned.
~In addition there may be changes in trend across the thrusts
in the Santa Cruz area. There seemed a possibility of eastern
plunge at least on the Santa Cruz Anticline where the Maraval
formation disappeared south of La Vigie, under a thrust.

In fiqg. g this is confirmed by clear evidence of a plunge of
about 10~ to the East or ESE. This suggest that the culmination
of the Green Hill - Santa Cruz Anticline occurs in Area 3.

AREA 5

This is a large area and yielded more data than the other areas.
There appears to be a dominant NE ~ SW trend like that in Area 2.

There is probably aOSW plunge on this trend but it is quite small,
say approximately 5.

In addition there appears to be a secondary g - W trend and this
may actually plunge very gently (less than 5°) to the East.

The south plunging gentle folds which warp the older folds are

suggested but the lack of clarity is due to the insufficient
data(which could be remedied.

AREA 6

This is the eastern continuation of Area 5 and might have been
expected to show the same features. However, on ghe bagis of
the scanty data shown in fig. 7 a WSW plunge of 5 - 10 may be -

suggested rather than a SW plunge and no evidence for an E - W
trend is seen.

AREA 7

The main interest in the minor folds of this area was to see
whether they were different from those in the other areas because

of lateral movement on the Santa Cruz fault and other faults of
the El Pilar system. '

On the basis of 30 folds in this rather small area there appears
to be a NE - SW trend with a suggestion of gentle plunge to the

NE i.e. the fold trends are not markedly different from those in
the main range. - ’ '
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The study of~thevpluhge of the minor folds in the western part

-of the Northern Range seems to confirm the idea of a westerly

plunge 'in the Northwestern Peninsula with a culmination in the
Santa Cruz area, and an Eastern plunge in the northeast of the
mapped area. In addition; evidence of a secondary E ~ W trend
of folds has come to light in addition to the principal

NE - SW or ENE - WSW fold trend. Inspection of the E - W data
makes it difficult t0'géneralisé about the two trends because
both the oldest and the youngest folds seem to be included in
this trend, as well as some features which may ‘-be near surface

collapse structures.:

It is intriguing that in areas where mapping has established

..an E - W outcrop. pattern, both mapped dips ‘and minor fold axes

should show ENE - WSW or NE - SW trends. No clear answer can

be given hut movement on the El Pilar Fault system may be one
reason. ’ oo
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Equal-area projection of the axes of 65 minor folds in

Dots represent folds in the normal 1limb; dit01es represent

folds in the overturned limb of the Monos Anticline.
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Fig. 7 Equal-area projection of axes of 25 minor folds in
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