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DEPOSITIONAL ENVIRONMENTS AND BURIAL HISTORY OF 
LATE EARLY PLIOCENE, MORUGA GROUP, SOUTH COAST, TRINIDAD, W.l .

ABSTRACT

The depos i t iona l  s t y l e ,  b io s t r a t i g r a p h y  and bur ia l  h i s to ry  of  the 

Late Early Pliocene,  Moruga Group were s tud ied  in outcrop and the 

subsur face ,  along the  south coas t  o f  Tr in idad  to  determine i t s  

d epos i t iona l  environments, sediment sources ,  geologic age, and d ia gene ti c  

h i s t o r y .  This s tudy f i l l s  a major gap in the  Pliocene s t r a t i g r a p h y  and 

paleogeography of  th e  T e r t i a r y  Northern Venezuela Basin.

Convergent, r i g h t  l a t e r a l ,  wench f a u l t i n g  was the  dominant t e c to n ic  

s t y l e  along the  Southern Caribbean P la te  Boundary during the  Mid-Eocene 

and cont inued through th e  Oligocene c r e a t in g  several  s t ructomorphologic 

a rea s  o f  which the  southern  Tr in idad  basin  was one. U p l i f t  and erosion of 

t h e  Andes Mountains and Guyana Shield in  northern  South America, provided 

l a r g e  volumes o f  recycled  orogenic  sediments which were subsequently 

t r a n s p o r t e d  and r edepos i ted  in the  Northern Venezuela/Columbus Basin.

During Late Miocene to  Early Pliocene time th e  n o r th e r ly  prograding, 

a n c e s t r a l  Orinoco d e l t a  t r a n s p o r te d  l a rg e  volumes of  t e r r e s t r i a l l y  derived 

subarkosic  and s u b l i t h a r e n i t i c  sand to  the  Northern Venezuela/Columbus 

Basin a rea .  The in f luence  o f  sea l e v e l ,  coupled with t e c to n i c s  provided a 

depocenter  which ad jus ted  to  accommodate more than 1600 meters  o f  Late 

Ear ly  Pliocene sands tones ,  s i l t s t o n e  and mudstones of  the  Moruga Group.

The Moruga Group was depos it ed  by g rav i ty  flows and t u r b i d i t y  

c u r r e n t s  which were very e f f e c t i v e  in resedimenting the  o r i g i n a l l y  d e l t a i c
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sediments .  Three d i s t i n c t  f a c i e s  were i d e n t i f i e d  on the  bas is  of 

sandstone/mudstone r a t i o ,  sedimentary s t r u c t u r e s  and bedding 

c h a r a c t e r i s t i c s .  The f a c i e s  a s s o c i a t io n s ,  t o g e th e r  with the widespread 

occurrence of complete and t runca ted  Bouma c y c l e s ,  ind ica te  depos i t ion  in 

a d e l t a - f e d  submarine ramp environment,  by high e f f i c i e n c y ,  t u r b i d i t y  

c u r r e n t s  and g r a v i t y  f lows.  This system lacked some elements (eg. 

canyons) of  c l a s s i c  t u r b i d i t y  c u r ren t  models. The Moruga Group was 

depos i ted  as viscous  shee t  g rav i ty  f lows,  ( t u r b i d i t e s )  which were 

mobil ized downslope from a l i n e  source as uns tab le  sediments p i l e d  up on 

the  prograding d e l t a  s lope .

Petrography and heavy mineral analyses i n d i c a t e  t h a t  the  sediments 

were der ived from a mixed igneous and metamorphic source and were the  

r e s u l t  o f  rap id  eros ion and t r a n s p o r t a t i o n  from the Andes and Guyana 

Sh ie ld  a reas .

On the  ba s i s  o f  b i c s t r a t i g r a p h i c  evidence the Moruga Group was 

determined to  be o f  Late Early Pliocene age.  Water depth es t imates  based 

on th e  f l o r a  and fauna in d ica te  depos i t ion  in  the  ou te r  s h e l f  a reas ,  where 

wate r  depths might have reached 200 to  250 mete rs .  The presence of  

t e r r e s t r i a l l y  der ived p la n t  and a lgae  sugges t  a con t inen ta l  assemblage 

depos i ted  in an open marine environment.

The bur ia l  d i a g en e t i c  h i s to r y  of  the  Moruga group was evaluated  using 

da ta  from clay mineralogy, organic and in o rgan ic  geochemistry. A typ ica l  

Gulf Coast type clay  mineral assemblage was recognized.  Evidence suggest 

t h a t  source and depos i t iona l  environment might have been the  major control
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on the  d ia g e n e t i c  mineral a s soc ia t ion  encountered .  Rock Eval Pyrolys is  

i n d i c a t e  t h a t  very l a rg e  amounts of  the  o rganic  geochemical components are 

reworked, and cannot  be used in source rock eva lua t ion  of  these  sediments.  

Where rock eval py ro ly s i s  was poss ib le  the  sediments were determined to  be 

gas prone but  immature. Stab le  iso tope  da ta  suggest  no r e l a t i o n s h ip  

between carbon and oxygen i so to p ic  composit ions,  ind i c a t in g  a complex 

d ia g en e t i c  h i s t o r y .
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INTRODUCTION

A sedimentary sequence of  low dens i ty  T e r t i a r y  rocks o f f  the  south 

coas t  of  Tr in idad  i s  es t imated  to  be approximately 40,000 f e e t  t h i c k .

This t h i c k  sequence i s  respons ib le  fo r  a s trong  nega t ive  g r a v i t y  anomaly 

which begins in e a s t e r n  Venezuela, t rends  eastward along southern Trinidad 

and up to  Barbados. Figure 1 shows a s im p l i f ie d  map of the  regional  

geology of  Tr in idad  and Eastern Venezuela, i l l u s t r a t i n g  the  c lose  

r e l a t i o n s h ip  between th e  geology of  both t e r r i t o r i e s .

Despite in ten s e  petroleum explora t ion  a c t i v i t y  in th e  producing 

bas ins ,  which hos ts  t h r e e  g i a n t  o i l  f i e l d s  and many smal le r  ones,  the re  

are la rg e  gaps in th e  knowledge of  the  sedimentology and s t r a t ig r a p h y  

which i n h i b i t  a c l e a r  understanding of  the  r e g i o n ' s  geologic h i s to ry  and 

the  p o te n t ia l  f o r  f u tu r e  petroleum development. This s tudy was designed 

to  in v e s t i g a t e  the  depos i t iona l  and burial  h i s to r y  of  the  Early Pliocene 

p a r t  o f  t h i s  sequence.

The study i s  focused on the  Early p l iocene s t r a t i g r a p h i c  s ec t io n ,  and

more s p e c i f i c a l l y  th e  Moruga Group. This group of  rocks i s  exposed along

th e  south and s o u th eas t  coas t  and i s  al so  encountered in the  subsurface of 

Tr in idad  (Fig.  2) .

The Moruga Group in th e  subsur f  ace i s  comprised o f  the  Lower, Middle

and Upper Gros Morne and th e  Mayaro Formations,  (F igures  3 and 4 ) .  There

i s  an unconformable r e l a t i o n s h i p  with the  over ly ing  pa lmis te  Clay. In 

outcrop the equ iva len t s  a re  the  Gros Morne Sandstone and S i l t ,  the  St .  

H i l a i r e  S i l t  and th e  T r i n i t y  Hil l  Sandstone. The Las Tables S i l t  and the 

Casa Cruz Sandstone are the  outcrop equ iva len ts  o f  the  Mayaro Formation.
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(After Batjes, 1965) 
Figure 1. Regional Geology Trinidad & Eastern Venezuela
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These rocks may have been bur ied  deeper than 15,000 f e e t  evidenced by the 

depths a t  which they are encountered in the  subsur face .

Published accounts of  the  geology and sedimentology of  t h i s  area are 

sparse  and f a i r l y  old and th e r e  i s  need fo r  updating.  Previous authors 

have suggested t h a t  the  ances t ra l  Orinoco River deposi t ed  f l u v i a l  and 

d e l t a i c  sediments during Miocene to  Holocene time (Michelson, 1975 and 

Leonard, 1985). The Guiana Shield area ,  drained  by the  Orinoco River,  has 

been suggested as the source o f  the d e l t a i c  sediments (Michelson, 1976). 

Such accounts of  the sediments in the  sou theas t  coas ta l  a rea  are 

inadequate ,  and say very l i t t l e  about the  p o t e n t i a l l y  important  

( s t r a t i g r a p h i c )  r e l a t i o n s h ip s  which may e x i s t  between th e se  sediments.

This study focuses on de te rmination  o f  (a) the  provenance and age of 

th e  s ec t ion  exposed along th e  sou theas t  coas t ,  (b) the  depos i t iona l  

systems respons ib le  f o r  i t ' s  emplacement, (c) t h e  geographic r e l a t i o n s h ip  

between the  source and depos i t iona l  bas in ,  (u) the  ex ten t  of  

progradat ion  of  the T e r t i a r y  Orinoco Delta,  g en e ra l ly  accepted as the  

depos i t iona l  agent f o r  t h i s  sequence,  (e) the  depth to  which these  rocks 

were bur ied,  and, (f )  the  s t r a t i g r a p h i c  and geographic r e l a t i o n s h i p  

between the  offshore  s ec t io n  encountered in t h e  WEST-SEG-I well and the  

s t r a t i g r a p h i c  sec t ion  encountered onshore along the sou theas t  coas t .
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Objectives and Scope

This study has t h r e e  primary o b je c t iv e s .

1) The f i r s t  ob je c t ive  i s  to  determine th e  sedimentologic r e l a t i o n s h i p s  

between sedimentary f a c i e s  of  the  Moruga group,  presen t  in the  subsurf  ace 

and outcrop.  This wil l  be achieved log cons ider ing  the sedimentologic 

f a c i e s  p re sen t ,  the  geographic r e l a t i o n s h i p  between source and 

depos i t iona l  basin and the provenance study which provides the  l i n k  

between source and s ink.  A d e t a i l e d  d e s c r ip t i o n  and i n t e r p r e t a t i o n  o f  the  

Early p l iocene  s t r a t i g r a p h i c  sec t ion  encountered along the south coas t  of  

Tr in idad  i s  p resen ted .

The goal i s  to  c h a ra c te r i z e  th e  var ious  f a c i e s  p resent  and give a 

d e t a i l e d  account of  the  primary sedimentary s t r u c t u r e s  encountered.  An 

explanation  and model f o r  the  o r ig in  and depos i t iona l  environment of  the  

sequence being in ve s t iga ted  i s  p resen ted .  Such models wil l  a l so  be 

he lpfu l  to  exp lore rs  seeking to  lo c a t e  s i g n i f i c a n t  bodies of  sand.

The r e l a t i o n s h i p  of  the  south coas t  s e c t i o n  to  the  West SEG-1 well 

w i l l  be d iscussed .  The d iscuss ion  w i l l  be based con the  resemblances and 

s i m i l a r i t i e s  between the  l i t h o l o g i c  s ec t ion  encountered in the  well (drawn 

from geophysical well logs)  and the  measured outcrop sec t io n .  A small 

s u i t e  of  seismic l i n e s  i s  used to  e s t a b l i s h  a t i e  between the  well and the  

outcrop b e l t  and evalua te  the  e f f e c t s  o f  s t r u c t u r e  on t h i s  r e l a t i o n s h i p .

2) To desc r ibe  the mineralogy, provenance and age of  sediments of  the  

Moruga group exposed along the  south co as t  o f  Trin idad  and encountered in
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th e  subsur face  of  the  West SEG-I w ell .  Mineralogy and provenance i s  

determined on the  bas i s  of  q u a n t i t a t i v e  and q u a l i t a t i v e  pe trographic  data.  

The q u a n t i t a t i v e  da ta  i s  presented  in t e rn a ry  diagrams eg. Dickinson and 

Suczeck, (1979),  and conclusions are made con a poss ib le  sediment source 

and t e c t o n i c  t e r r a i n .

The i n t e r p r e t a t i o n  of  the ages of  the se  sediments are based on 

p a leon to log ic  and pa lyno logic  da ta  ex t ra c te d  from well cu t t in g s  (W SEG-1), 

outcrop samples c o l l e c t e d  during f ieldwork and add i t iona l  da ta  from the  

Texaco GBM-1 well in th e  Guayaguare Bay a rea .  Addit ional  da ta  was 

obta ined  from some unpublished s tud ie s  done a t  Amoco Production Company. 

The age da t a  a l so  serve to  e s t a b l i s h  age s i m i l a r i t i e s  between the  two da ta  

sources .

3) To determine  the  bur ia l  h i s to ry  of  the  sediments of  the  Moruga Group 

by u t i l i z i n g  da ta  from clay  mineralogy,  s t a b l e  iso tope  geochemistry and 

organic  geochemistry.  These s tud ie s  wil l  al low cons idera t ion  of  the  

e f f e c t s  o f  tempera ture  and bur ia l  in the  sediments.

Observat ions  are made on these  b u r i a l - r e l a t e d  d iagene t ic  p ro p e r t i e s  

and da ta  ob ta ined  i s  used to  d iscuss  the  b u r i a l  h i s to ry  of  th e  sediments 

and t h e i r  co i l  and gas p o t e n t i a l .

S t r a t ig r a p h y

There a re  many unsolved problems in the  Cretaceous and T e r t i a ry  

s t r a t i g r a p h y  o f  Trin idad .  S t r a t i g r a p h ic  zonat ions  and nomenclature are

8
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not always r e a d i ly  accepted and th e re  i s  some u n c e r t a in ty  as to  how and 

why such zonat ions  were chosen and adopted.  The s t r a t i g r a p h y  presented 

here i s  s im p l i f i e d ,  and a d i s t i l l a t e  o f  the  b e t t e r  known refe rences .  The 

aim of t h i s  sec t ion  i s  to  p lace  the  ear ly  p l iocene u n i t s  along the south 

coas t  in to  t h e i r  proper s t r a t i g r a p h i c  framework. The s t r a t ig ra p h y  

presen ted  i s  summarized in th e  S t r a t i g r a p h ic  Chart o f  th e  Trinidad 

Formations a f t e r  Carr-Brown and Frampton (1979), (Figure 3) .  A comparison 

of  t h i s  da ta  with t h a t  from Barr and Saunders (1965),  (Figure 4) 

h ig h l ig h t s  some of the  problems encountered when studying T r in idad 's  

Miocene to  Pliocene S t r a t ig ra p h y .

J u r a s s i c  - The o ld e s t  rocks in Trinidad are o f  J u r a s s i c  age and crop 

out  in the  Northern Range; an extension of  the C o r d i l l e r a  Oriental  o f  the 

Andes (F igure 1). Hutchison (1958) recognized some Ti thonian age 

ammonites ( P e r isph inc tes  t r a n s i t o r i u s ) in the  Maraval and Maracas 

Formations and placed them in the  Upper J u r a s s i c .  The Maraval Formation 

c o n s i s t s  o f  predominantly r e c r y s t a l l i z e d  massive ana bedded l imestones 

with some re e fa l  pa tches .  The Maracas Formation c o n s i s t s  of  interbedded 

q u a r t z i t e s  and p h y l l i t e s .  Minor s l a t e s  are p re sen t  (P o t t e r ,  1976). 

Epidote g reen sch i s t s  in th e  Maracas Formation appear t o  have had a 

vo lcanic  ash p recurso r  (Carr-Brown and Frampton, 1979). The Maraval and 

Maracas Formations have not  been found in the Central Range and Southern 

Basin.

Cretaceous - The Lower Cretaceous i s  represen ted  by the Chancellor,  

L a v e n t i l l e ,  Rio Seco and Toco Tompire and San Souci Formations of  the 

Northern Range. The Chancellor  Formation has four  members comprised of  

p h y l l i t e s  and l imestone (P o t t e r ,  1976) and in the  Western Northern Range

9
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r e s t s  unconformably upon the  Maracas Formation. The L a v e n t i l l e  Formation 

was e a r l i e r  thought t o  be a l e s s  metamorphosed equ iva len t  o f  the 

Chancel lor  Formation ( P o t t e r ,  1976) and a Barremian-Aptian fauna described 

by Saunders (1972) i s  thought  by P o t t e r  (1974) to  be o f  the  upper 

p h y l l i t e s  of  the Chance llor  Formation. This formation i s  mainly composed 

of  poorly f o s s i l i z e d  l imestone  and crops out  along th e  southern margin of 

th e  Northern Range.

The Rio Seco Formation i s  a sequence of  ca lcareous  p h y l l i t e s  and 

l imes tones  and i s  l i t h o l o g i c a l l y  s im i l a r  to  the  Toco Formation.  Both 

format ions are s im i l a r  and share  a s im i l a r  r e l a t i o n s h i p  to  the  Chancellor  

and L a v e n t i l l e  Formations. The p h y l l i t i c  sha les  of  the  Tompire Formation 

are a l so  equ iva len t  to  th e  Toco Formation.  The only major outcrop of  

igneous rock in Tr in idad  belongs to  the  San Souci Formation; a s e r i e s  of  

b a s a l t i c  vo lcanics  t h a t  are placed with in  the  Toco Formation (Barr ,  1963). 

These b a s a l t s  include  ashes ,  b recc ias  and flows in te rbedded with 

Cretaceous sha les  (Barr  and Saunders,  1965).

The Cuche Formation,  a seguence o f  dark sha les  with minor q u a r t z i t e s  

and l imestone blocks ,  r e p re s e n t s  the  lower Cretaceous o f  the  Central Range 

(Barr ,  1952). The fo ram in i fe ra  of  t h e  Cuche s ec t io n  were s tud ied  by 

B a r t e n s t e in ,  B e t tens tae d t  and Boll i  (1957). An unconformable r e l a t io n s h ip  

e x i s t s  between the  Upper and Lower Cretaceous as a r e s u l t  of  a shor t  

per iod  o f  d ia s t rophism with local  fo ld ing  and eros ion  around Albian to  

Cennomanian (Barr and Saunders,  1965).

In the  Northern Range the  Upper Cretaceous i s  r ep resen ted  by the 

g r i t s  o f  the  Morvant and Gal e ra  format ions (Carr-Brown and Frampton,
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1979). The Guayaguare Formation o f  ce n t r a l  and southern Tr in idad  i s  

placed as equ iva len t  o f  the  uppermost Gal e r a  Formation based on the 

s i m i l a r i t y  o f  p lank tonic  foramineral  assemblages (Saunders,  1972). The 

Gal e ra  Formation of  the  Northern Range was dated  using benthonic 

microfauna (Saunders,  1972) and placed in th e  Upper Cretaceous.  The upper 

p a r t  o f  th e  Naparima Formation i s  equ iva len t  to  the Galera Formation.

The Naparima Hil l  Formation, a s i l i c i f i e d  s i l t s t o n e / c l a y s t o n e  u n i t  

t h a t  u n d e r l i e s  the  Guayaguare Formation in  c e n t r a l  and southern Tr in idad .  

This  l i t h o lo g y  i s  q u i t e  widespread and i s  found in wel l s  in Tr in idad ,  the 

Se r ran ia  del I n t e r i o r  of  Eastern Venezuela and DSDP d r i l l  cores of  

Southern Caribbean (Carr-Brown and Frampton, 1979). The Naparima 

Formation i s  i n d i c a t i v e  of  uniform, q u ie t  d epos i t iona l  cond i t ions  during 

Upper Cretaceous (Barr and Saunders,  1979). The Naparima i s  under la in  by 

the  dark ,  o rg an ic - r ich  ca lcareous  sha les  o f  th e  Gautie r  Formation. The 

cond i t ions  which governed the  depos i t ion  o f  t h i s  Upper Cretaceous sequence 

were brought to  an end by renewed tec tonism and loca l  u p l i f t  and eros ion  

t h a t  preceded the  Paleocene t r a n s g re s s io n  (Barr  and Saunders, 1965).

Paleocene - Two d i s t i n c t  format ions found in southern Tr in idad  are 

the  r e s u l t  o f  a widespread Paleocene t r a n s g r e s s io n .  The Chaudiere 

Formation i s  comprised of  non-marine sha les  and minor sandstones with an 

arenaceous benthonic fauna.  This formation occurs gen e ra l ly  in proximity 

to  and over the  old Central Range U p l i f t ,  (Barr  and Saunders,  1965). The 

Lizard Springs Formation i s  a deeper water ,  g e n e ra l ly  ca lcareous  sha le ,  

with a p lank ton ic  fo ramin ifera l  assemblage.  B o l l i ' s  (1957) biozonat ion  of  

the  Paleocene was based on the  fauna found in the  Lizard Springs 

Formation.  Slumping of deep-water uns tab le  c lays  occurred with renewed
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te c ton ism and gave r i s e  to  e a r ly  T e r t i a r y  o l i s t o s t ro m e s  (Kugler, 1955, 

Higgins and Saunders,  1974, and Saunders,  1977).

Eocene - The Eocene i s  r ep resen ted  by the  upper p a r t  of  the  Lizard 

Springs Formation,  the  P o in t e - a -P i e r r e  Formation and the  Navet Formation. 

The P o in t e - a - P i e r r e  Formation i s  comprised o f  non-ca lcareous  sha les  and 

coarse g ra ined  sands tones .  The Navet Formation o v e r l i e s  the Lizard 

Springs Formation and P o in te - a -P ie r r e  Formation and i s  comprised of  r i c h l y  

fo ram in i fe ra l  deep-water  marls and ca lca reous  s h a l e s ,  (Carr-Brown and 

Frampton, 1979). The Eocene was c h a ra c t e r i z e d  by a cont inuation  of  the  

qu ie t  d ep o s i t io n a l  cond i t ions  e s t a b l i s h e d  dur ing  the  Paleocene,  (Barr and 

Saunders,  1955). During th e  Upper Eocene, e a r t h  movements r e s u l t e d  in the  

r e a c t i v a t i o n  and eros ion  of  old u p l i f t  a reas  and t h i s  phase i s  marked by 

rap id  l a t e r a l  f a c i e s  changes,  (Barr  and Saunders ,  1985). An exce l le n t  

paleogeographic  summary of  the  Cretaceous to  Late Eocene time was 

p resen ted  by Bell (1972, see Figure 5 ) .

Oligocene - Rapid subsidence fo l lowing a h i a t u s  (between Oligocene 

and Eocene) r e s u l t e d  in th e  depos i t ion  o f  deep-water ,  calcareous  clays  and 

marls o f  the  Cipero Formation. A second pe r iod  o f  o l i s tos t rom e 

development took  p lace  during the  d e p o s i t io n  o f  th e  Nariva Formation.

This formation i s  r e s t r i c t e d  t o  the  southern f l a n k s  o f  the Central  Range 

(Carr-Brown and Frampton, 1979). The Central  Range U p l i f t  became a c t iv e  

during t h i s  time and formed a p e r s i s t e n t  b a r r i e r  between the  nor thern  and 

southern  d epos i t iona l  bas in s ,  thus t h e  d i f f e r e n t  s t r a t i g r a p h i c  succession 

in both a rea s .  There was a l so  a r ap id  deepening of  the  seas in both 

bas ins  a t  t h i s  t ime (Barr  and Saunders, 1985).  The deeper water
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condi t ions  r e s u l t e d  in the  depos i t ion  o f  deeper water  marine,  

fo ram in i fe ra l  clays  (Lower Cipero Formation). The two bas ins  then became 

d i f f e r e n t i a t e d  a f t e r  th e se  events  and the  Northern bas in shallowed 

p rog re s s ive ly  to  produce open s h e l f  condi t ions  while deep-water  condi t ions  

p e r s i s t e d  in the  Southern Basin.

Miocene - The Miocene was a period of  tremendous sedimentary 

d i v e r s i t y .  This d i v e r s i t y  over such shor t  d i s t a n c e  i s  r e f l e c t i v e  of  the 

a c t iv e  tee tonism t h a t  took p la ce  during t h i s  t ime.  The Lower Miocene i s  

represen ted  by a major p a r t  o f  the  Cipero Formation and th e  Nariva 

Formation i s  a l so  predominantly Miocene in age.  Barr  and Saunders (1955) 

r e p o r t  the  presence of  an economically important  group of  sands ( in  the  

Lower and Middle Miocene) - the  Herrera Sands, which are gene ra l ly  o i l  

bear ing .  During the  upper Lower Miocene d ia s t roph ism gave r i s e  to  fo ld ing 

and emergence.

Deposit ion was renewed in the  Southern Basin with the  deep-water  

c lays  o f  the Lengua Formation. These are  ca lca reous  c lays  with a n e r i t i c  

fo ram in i fe ra l  fauna.  The equ iva len t  of  the  Lengua Formation in the  

Central Range are the  shallow-water  c lays  of  th e  Tamana Formation which 

are a ssoc ia ted  with small r e e f a l  l imes tones .  Upper Miocene and younger 

sediments a re  not  found in the  Central Range (Carr-Brown and Frampton, 

1979). The re e fa l  l imes tones  and as soc ia ted  marine c l a y s ,  s i l t s  and 

g la u c o n i t i c  sands which outcrop on the  nor thern  f l a n k s  o f  th e  Central  

Range, suggest  t h a t  al though the  Central Range may not  have been f u l l y  

emergent a t  t h i s  time i t  formed an e f f e c t i v e  b a r r i e r  i s o l a t i n g  Upper 

Miocene to  p le i s to cen e  depos i t ion  in the  Northern and Southern Basins
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(Carr-Brown and Frampton, 1979). In the  Northern bas in ,  the  Tamana clays 

are unconformably succeeded by th e  Manzanilla Formation. The Manzanilla 

Formation i s  subdivided by Carr-Brown and Saunders (1979) in to  th ree  

members; San Jose Calcareous S i l t ,  Montserrat G lauconi t ic  Sandstone and 

th e  Telemaque Sandstone.  This formation i s  thought by th e se  authors to 

re p re s e n t  an i n f i l l i n g  and shallowing of  the Northern b as in .  The 

Manzanil la  Formation i s  the  main producing horizon in th e  Soldado Field 

(Carr-Brown and Saunders,  1979).

A major discrepancy p r e s e n t ly  e x i s t s  in the  i n t e r p r e t a t i o n  of  the 

Manzanil la  Formation, f ig u re s  3 and 4. Barr and Saunders (1965) place 

t h i s  formation (unconformably o v e r la in  by the Spr ingya le  Formation) 

t o t a l l y  within the  Miocene ( f ig u re  4) whereas Carr-Brown and Frampton 

(1979) be l ieve  t h a t  th e  g r e a t e r  p a r t  of  the Manzanil la Formation i s  of  

p l iocene  age ( f igu re  3) .

Pl iocene - Shallowing of  th e  Southern Basin dur ing a per iod  of  

s h i f t i n g  t r a n s g re s s io n s  and r eg re s s io n s  gave r i s e  to  th e  predominantly 

shallow-water  Cruse, Fores t  and Mon L'Enfer Formations. Carr-Brown and 

Frampton (1979) suggest  t h a t  th e se  formations record a period  of  d e l t a i c  

i n f i l l i n g .  The Cruse and Fores t  sands produce a s i g n i f i c a n t  propor t ion of 

T r i n id a d ' s  o i l .  Deposit ion o f  th e se  formations record  th e  p rogress ive  

i n f i l l i n g  of  the  bas in ,  o f ten  r e f l e c t e d  in the  in c re as in g  sand content  

toward the  top ,  (Barr  and Saunders,  1965). This shal low-water  depos i t ion 

p e r s i s t e d  in to  the  Pliocene with only a minor d isconformi ty .
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The Lower Pliocene records  t h e  f i n a l  i n f i l l  phase o f  th e  Northern and 

Southern Basins.  This period of  d e p o s i t io n ,  which began in the  Paleocene,  

f i n a l l y  ended during the  mid-Pliocene Andean orogeny (Barr and Saunders, 

1965).  The P I io -P le i s tocene  sequence may be as t h i c k  as 30,000 f e e t  in 

th e  Columbus Channel and southern  T r in idad  and was descr ibed  in d e t a i l  by 

Leonard (1983). During Pliocene t o  P le i s tocene  th e  Orinoco River 

advanced toward Trinidad  and depos i ted  a major th ickness  o f  sediments.

The rap id  sedimentat ion caused the  formation of  major growth f a u l t s  and 

r o l l o v e r  a n t i c l i n e s  in the  Tr in idad  e a s t  coas t  a rea .  The onset  of  

Pl iocene depos i t ion  i s  thought to  be rep resen ted  by the  Cruse and Gros 

Morne Formations (Figure 3, Carr-Brown and Frampton, 1979). The Early 

Pliocene Moruga Group which inc ludes  the  Lower, Middle, Upper Gros Morne 

and Mayaro Formations i s  the  s u b je c t  o f  t h i s  s tudy .

The Gros Morne Formation forms the  base of  t h i s  sequence and i s  

comprised of  two coarsening upward sequences. The lowermost sequence 

r e p re s e n t s  the  f i r s t  in f lux  of  c l a s t i c  sediment a t t r i b u t a b l e  to  th e  

proto-Orinoco d e l t a  (Leonard 1983).  The middle Gros Morne i s  composed of  

gray s i l t s  and sands while th e  upper Gros Morne i s  composed predominantly 

o f  sand (Barr and Saunders, 1965).

The Mayaro Formation i s  composed predominantly of  t h i c k ,  c lean ,  f in e  

grained sands with interbedded s i l t s  and c lays  (Leonard, 1983). This 

formation marks the  beginning o f  the  t h i r d  sedimentary sequence and i s  

succeeded conformably by the  Palmiste Clay Formation a sequence o f  medium 

to  f i n e  grained  sands with occasiona l  s i l t  and c lay .
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The Palmiste Formation i s  unconformably succeeded by the  Erin 

Formation which marks the  onset  of  P le i s tocene  sed imenta t ion.  This 

formation i s  composed of  medium to  f in e  grained sands with interbedded 

cl ay s .

Southern Caribbean Tectonic  History

Trin idad  l i e s  a t  the  sou theas tern edge of  the  Caribbean P la te  

(Figure 6) and the f a c t  t h a t  no s a t i s f a c t o r y  exp lana tion  o f  the  t e c to n ic

h i s to ry  of  th e  Caribbean P la te  e x i s t s  a t t e s t s  to  th e  complex t e c to n i c

h i s to ry  of  t h e  area .  Trinidad and Tobago and surrounding areas  provide a

good record  o f  the  e f f e c t s  of  i n t e r a c t i o n  between the  Caribbean,  South 

American and North American p l a t e s .  This s ec t io n  at tempts  to  place  the 

study area  with in  the  proper t e c to n ic  context  and probably expla in  some of 

the  f a c t o r s  governing sedimentat ion .  The account presen ted  here i s  based 

on a seven s tag e  model of  Freeland and Dietz (1971) and supplemented by 

add i t iona l  r e f e r e n c e s .

The t e c t o n i c  h i s to r y  of  the  area begins with the  opening of  the 

proto-North A t l a n t i c  and the  Gulf of  Mexico in  the  Late T r i a s s i c  as Pangea 

broke a p a r t  (Freeland and Dietz,  1971). The Gulf  of  Mexico opened with a 

r i f t - t y p e  margin along nor thern  South America as Gondwanaland (South 

America and Afr ica )  moved southeastward away from North America (Bertrand 

and Ber trand,  1985). R i f t ing  was as soc ia ted  with some s i n i s t r a !  shear 

along nor thern  South America (Freeland and D ie tz ,  1971). Eastward 

movement of  t h e  Bahama Block began during t h i s  t ime.
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During e a r l y  J u r a s s i c  the  south-westward movement of Laurasia was 

accommodated by s i n i s t r a l  shear along the  Tethys seaway and the  El P i l a r  

f a u l t  zone o f  northern  South America. Because the  Gulf of  Mexico,

Caribbean Sea and North A t la n t i c  Ocean were small ocean bas ins  a t  t h i s  

time with r e s t r i c t e d  c i r c u l a t i o n ,  deep-water e v ap o r i te s  were p r e c i p i t a t e d .  

These ev ap o r i te s  probably inc lude those found in th e  Gulf of  Par ia ,

Trin idad  (Persad,  1979).

The mid -Ju rass ic  saw the  con t inua t ion  o f  s a l t  depos i t ion  in the 

i n t r a c r a t o n i c  ocean bas ins  and l e f t - l a t e r a l  shear  a l so  continued along the 

Tethys and El P i l a r  zones. This period was a l so  a s s o c ia t ed  with some 

orogenesis  and the  Gautemalan f o l d b e l t  was formed. The p o s i t i v e  areas 

formed became th e  sources of  t h i c k  sequences o f  con t inen ta l  and marine 

sediments in Central  America. This sedimentary wedge probably formed the 

nucleus of  t h e  Greater  A n t i l l e s  (Freeland and D ie tz ,  1971). The formation 

o f  the  Gulf of  Mexico was complete by t h i s  t ime.

During the  ea r ly  Cretaceous,  as South America r i f t e d  away from Africa  

becoming a new p l a t e ,  th e  North and South American P la te s  developed 

subduction zones along t h e i r  western margins.  Caribbean oceanic c r u s t  was 

formed during t h i s  per iod  (Bertrand and Ber t rand ,  1985). The Caribbean 

Sea was opened (wider than i t  i s  today) as a r e s u l t  o f  n o r th e r l y  motion of  

North America r e l a t i v e  to  South America. During upper Late Early 

Cretaceous the  South America P la te  s h i f t e d  to a more n o r th e r ly  loca t ion  

and a s soc ia ted  with t h i s  was the  ce s sa t io n  o f  s t r i k e - s l i p  motion along the 

El p i l a r  f a u l t  and the  commencement o f  subduct ion,  compression and orogeny 

along Northern Venezuela (Freeland and D ie tz ,  1971). By mid-Cretaceous 

the r a t e  o f  sea f l o o r  spreading had increased  d ra m a t ic a l ly  (as the North
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America P la te moved westward) and new spreading r idges  such as the  Aves 

Ridge were i n i t i a t e d  (Bertrand and Bert rand,  1985). Cretaceous 

g ra n o d io r i t e s  dredged from the  Aves Ridge suggest  t h a t  t h i s  was a zone of  

a c t iv e  subduction (Walper, 1980). By l a t e s t  Cretaceous time th e  t h i c k  

Late J u r a s s i c  sequence depos it ed  in nor thern  Venezuela and Tr in idad  had 

been r eg iona l ly  metamorphosed and r a p id ly  u p l i f t e d  (Be l l ,  1972).

During the  Paleocene,  as South America moved sou theas t  r e l a t i v e  to  

North America, a period of  d ive rgen t  wrench t e c t o n i c s  occurred  along the  

southern  Caribbean boundary (Bertrand and Bert rand,  1985). Also during 

Late Cretaceous to  Paleocene major u p l i f t  and normal f a u l t i n g  occurred in 

t h e  southeas t  Caribbean,  as subduction ha l ted  on the  southern margin of  

the  Caribbean P la te .

By the end of  the  Middle Eocene th e  Caribbean reg ion  had a t t a in e d  

i t ' s  p resent  con f ig u ra t io n .  Because North America d r i f t e d  f a s t e r  than 

South America, the  Caribbean reg ion closed  s l i g h t l y  and th e  Caribbean 

P la t e  moved e a s t  (Freeland and Dei tz,  1971; and Bertrand and Ber trand,  

1985). This r e s u l t e d  in convergent  r i g h t  l a t e r a l  wrench t e c t o n i c s  along 

th e  southern boundary o f  the  Caribbean P la t e ,  and i n i t i a t e d  th e  ENE 

t rend ing  fo ld s  in Venezuela and Tr in idad  (Central  Range) (Bert rand and 

Ber trand,  1985). Active subduction beneath the  Lesser  A n t i l l e s  moved 

eastward to  i t s  modern p o s i t i o n  during Eocene t ime,  p o s s ib ly  caused by the 

decrease in the  North and Central  A t l a n t i c  spreading r a t e s  (Larson and 

Pitman, 1972). During the  Oligocene,  changes between the  North and South 

A t l a n t i c  P la tes  r e s u l t e d  in i n t e n s i f i e d  convergent  r i g h t - l a t e r a l  wrench 

tec tonism along the  southern  border of  the  Caribbean,  which p e r s i s t e d  

u n t i l  Late Miocene t ime (Larson and Pitman, 1972, and Bert rand and
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Bertrand,  1985). Bassinger e t  al.. (1971) suggest  t h a t  wrench f a u l t i n g  

might not  have been as pronounced as suggested by o the r  authors  because 

t h e r e  i s  no evidence f o r  ex tens ive  t r a n s l a t i o n a l  movement. This 

sugges t ion i s  supported by Weeks e t  a l .  (1971), who, f u r t h e r  suggest  t h a t  

the  P i l a r  Block i s  a h o r s t  and graben s t r u c t u r e  and t h a t  the primary mode 

o f  movement on the El P i l a r  Fault  was v e r t i c a l  with a small wrench 

component. Lau and Rajpaulsingh (1974) support th e  suggest ion t h a t  the 

El P i l a r  Fau lt  r e s u l t e d  from te ns iona l  s t r e s s e s  and i s  a normal f a u l t .  In 

t h e i r  ana ly s i s  the  Los Bajos Fau lt  was designated  a r i g h t - l a t e r a l  

t r a n s c u r r e n t  f a u l t .

Throughout the r e s t  of  the  Cenozoic th e re  was d i f f e r e n t i a l  motion 

between th e  two American p l a t e s  which are now s epa ra te  e n t i t i e s  separated  

by th e  Cayman-Puerto Rico megashear. The eas t -w es t  p l a t e  boundary has 

t h e r e f o r e  s h i f t e d  from the  nor thern  margin of  South America to  the  

Cayman-Puerto Rican shear  zone (Freeland and Die tz ,  1971). Jordan (1975) 

in d i c a t e s  t h a t  present  day movement o f  the  Caribbean P la te  i s  con tinuing 

a t  a r a t e  of  2.1 cm/yr across  th e  mid-Cayman r i s e .

Persad (1979) summarized the  e f f e c t s  of  the  above ou t l ined  t e c t o n i c  

h i s t o r y  and subdivided Tr in idad  in to  several  s tructomorphologic u n i t s .  He 

d e f in e s  four  u p l i f t  a reas  ( the  Tobago U p l i f t ,  the  Northern Range U p l i f t ,  

t he  Central  Range U p l i f t  and th e  Southern Range U p l i f t )  and f iv e  

sedimentary bas in provinces ( the  West Tobago Basin,  the  Caroni Basin,  the 

Southern Basin, the Columbus S h e l f / A t l a n t i c  Del ta Province,  and a sediment 

s ta rved  Dis ta l  Shelf  Area),  (Figure 7 ) .  Lau and Rajpaulsingn (1974) 

d iscussed  the  forces  t h a t  might have been respons ib le  fo r  the

21

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



DIRECTION OF 
SEDIMENT TRANSPORT

lOKWEB,t>Jl

'ORINOCO DELTA PROVINDE 

(GROWTH FAULT PROVINCE)

Figure 7. Stmctomorpholigic Units of Trinidad,
(Persad, 1979)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



s tructomorphologic  fea tu re s  defined by Persad (1979).  The El P i l a r  and 

Los Bajos f a u l t s  which are important  to  t h e i r  model have been l inked  to  

important  s t r u c t u r a l  f ea tu res  in Venezuela (See Table 1).

Previous In v e s t i g a t io n s

This s e c t io n  summarizes the previous work on the  Miocene to  

P le i s tocene  sedimentary sequence in southern Tr in idad .

Kugler (1953) has produced the  most re fe renced  and d e t a i l e d  document 

on T r i n id a d ' s  geology.  Since then m od i f ica t ions  have been made (see 

Figure 8 ) ,  but  no pub l ica t ion  has come c lose  t o  h i s  in terms of  d e t a i l .  

N a tu ra l ly  i t  i s  important to  d iscuss  h is  thoughts  e l a b o ra te ly  as they 

formed the  bas i s  f o r  subsequent p u b l i c a t io n s  on T r in id a d ' s  geology.  A 

geo log ical  map produced by Kugler (1953) and updated in 1961 i s  s t i l l  the  

only modern geo logica l  map a v a i l a b l e .

Kugler (1953) placed the  t r a n s g r e s s iv e  Lengua Formation a t  the  base of  

the  Miocene shar ing  an unconformable r e l a t i o n s h i p  with the  lower beds.  

Kugler specu la ted  t h a t  the mud d iap i r i sm  common in some p a r t s  o f  southern 

Trin idad  was a d i r e c t  r e s u l t  of  incompetence a s soc ia ted  with th e  Rio Claro 

Boulder Bed ( the  basal un i t  o f  t h i s  fo rmat ion) .  He discussed the  c lose  

r e l a t i o n s h i p  shared by the Lower Cruse with th e  Lengua Formation and 

presen ted evidence fo r  t u rb id ,  cool ,  deep water  depos i t ion ,  though he 

i n d ic a te s  t h a t  the  Lengua r ep re s en t s  a shal lower  water l i t h o lo g y .  The 

Middle and Upper Cruse sands are sa id  to  be the  r e s u l t  o f  foredeep 

depos i t ion  and are  major o i l  producers.  Kugler maps the  Moruga Molasse 

succeeding the  Cruse and being 3000 meters
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Stress
Type

Principal
S tress

Direction
Time

Major
Resulting
Structure

1. Com pressional 174° Prt. Cret. - 
Lr. Tertiary

Northern 
Range Uplift

2. Tensional 178° Miocene - 
Recent

El Pilar 
Fault

3. Com pressional 154° Miocene - 
Recent

Naparima - Nariva 
Thrust, Los Bajos 

Fault

After Lau and Rajpaulsingh (1975)

Table 1. Summary of Stress-Structure-Tim e Relationship



t h i c k .  The Manzanil la  Formation of  l a t e r  au thors  was r e f e r r e d  to  as the  

Brasso Formation and th e  g la u c o n i t i c  Montserrat  Sand Member was regarded 

as the  e qu iva len t  of  t h e  Brasso conglomerate.  Later  authors have included 

the  Montserrat  G laucon i t ic  Sand in to  th e  Manzanil la  Formation.

Kugler then repo r ted  t h e  Fores t  Formation as being succeeded by the  Upper 

Brasso and Springvale Formation,  of  Middle to  Upper Miocene age. He 

placed the  Telemague Sand Member a t  the  beginning of  the  Springvale.  In 

the  Northern Range Kugler r e p o r t s  an unconformable r e l a t i o n s h ip  between 

th e  Melajo Clay (of  t h e  Springvale  Formation) and the  Mesozoic p h y l l i t e s .

This landmark p u b l i c a t i o n  expla ins  the  i n a b i l i t y  to  separa te  the  

Uppar Miocene from th e  Pliocene on account of  t h e  non-diagnost ic  faunas.  

Kugler ,  d e s p i t e  t h i s  d i f f i c u l t y  ass igns  the  Morne L 'Efer  as the end of  the 

Miocene, and he h ig h l ig h t s  the  resemblance o f  t h i s  formation to the Moruga 

Formation.  The Miocene rocks were then folded  during the Pliocene orogeny 

and capped by the  Upper Pliocene Matura Formation.

According to  Kugler the  most s i g n i f i c a n t  event  o f  the  p le is tocene  was 

the  opening of  the  Gulf of  Pari  a.

Barr e t  al_. (1955) presen ted  an o u t l i n e  o f  T r i n id a d ' s  s t r a t ig r a p h y  

s i m i l a r  t o  t h a t  p resen ted  by Kugler (1953).  The d i scuss ion  in t h i s  p u b l i ­

ca t io n  focused on th e  mode of  o i l  occurrence .  The major o i l  occurrences 

are repo r ted  t o  be a s s o c ia t e d  with m u l t ip le  sand r e s e r v o i r s .  This 

p u b l i c a t i o n  p re sen ts  good d e s c r ip t io n s  of  the  Miocene formations;  however
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the  main concern i s  d i scuss ion  of  the d i s t r i b u t i o n  o f  sand bodies and t rap  

types throughout the Miocene.

Ablewhite and Higgins (1965) reviewed the  genera l  s t r u c t u r e  and 

s t r a t ig r a p h y  of  Tr in idad  with t h e i r  primary focus being th e  d i s t r i b u t i o n  

o f  sandy r e s e r v o i r s  through th e  Miocene. This paper documents the 

l e n t i c u l a r  geometry o f  th e  producing sands and th e  combined 

s t r u c t u r a l - s t r a t i g r a p h i c  mechanisms respons ib le  f o r  the  o i l  accumulat ions.

Barr and Saunders ( 1965) presented a d e t a i l e d  o u t l i n e  o f  T r in idad ' s  

s t r a t i g r a p h y .  In the  con tex t  of  the  presen t  s tudy an impor tan t  c o n t r i ­

bution of  t h i s  p u b l i ca t io n  i s  the  s t r a t i g r a p h i c  summary which p resen ts  the 

Moruga Group in the Mid-to Upper Miocene (Figure 4 ) .  I t  i s ,  however, not 

very c l e a r  why a Miocene assignment i s  made except  t h a t  the  Nariva and 

Lower Cipero formations were assigned to  the  lowes t  Miocene based on 

fo ramin i fe ra l  assemblages.

Metz (1965) worked in nor thern  Venezuela and h i s  i n v e s t i g a t i o n  of  the 

El P i l a r  Fault  zone l e d  to  th e  conclusion t h a t  th e  s t r i k e - s l i p  

displacement was not as  ex tens ive  as thought (10-15 km), but probably le ss  

than 5 km. Metz does not  be l ie v e  t h a t  th e  El P i l a r  Fau l t  of  nor thern  

Trin idad  i s  r e l a t e d  to  the  Venezuelan El P i l a r  Fau l t  system.

Lau and Rajpaulsingh (1974) suggested t h a t  Tr in idad  was a f f ec ted  by 

th r e e  d i s t i n c t  s t r e s s  systems from Cretaceous t o  p r e s e n t .  The ir  f indings  

are summarized and d iscussed  in the  previous se c t i o n  (see  Table 1) .  This 

c on t r ibu t ion  based on an an a ly s i s  of  the  s t r u c t u r a l  f e a t u r e s  of  Kugler ' s  

map has a r r ived  a t  some i n t e r e s t i n g  conclusions .
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Michel son (1972) suggested t h a t  the  proto-Orinoco d e l t a  prograded 

over the  Trin idad  area in Miocene t imes depos i t ing  the  major o i l  producing 

sands of  southern Tr in idad  (Figure 8 ) .  This once highly respec ted  document 

on T r i n id a d ' s  s t r a t i g r a p h y  was based on sandstone th ickness  maps and 

l im i t e d  pa leon to log ic  d a t a .  Subsequent paleon tology ,  palynology and 

s t r a t i g r a p h i c  analyses r e f u t e s  h i s  s t r a t i g r a p h i c  summary (Figure 8 ) .

Carr-Brown and Frampton (1979) made a sound co n t r ib u t io n  based on 

extens ive  o i l  company re s e a r c h .  These authors placed the  Moruga Group 

w ith in  the  Early Pliocene thus  r e f u t i n g  the  e a r l i e r  Miocene 

i n t e r p r e t a t i o n .

The Columbus Basin was th e  focus o f  Leonard 's  ( 1983) study which 

d iscussed  the  s t r a t i g r a p h y  and hydrocarbon accumulat ions in o f f shore  

T r in idad .  A r e l a t i o n s h i p  was d iscussed  between t h i c k  P le i s tocene  sand 

dep o s i t s  and low geothermal g r a d ie n t s  which rendered the  Pliocene 

sediments immature with r e s p e c t  t o  hydrocarbon genera t ion .  Leonard 

suggested t h a t  th i c k e r  P le i s to cen e  sandstone sequences are more conductive 

and t h i s  leads  to  g r e a t e r  hea t  l o s s  and lower thermal s t r e s s  on the  

underly ing buried rocks.

Frampton ( 1988) made some important  s ta temen ts  concerning reworked 

sediments and f o s s i l  remains and poor c o r r e l a t i o n s ,  while at tempt ing to 

explain  some of  the  problems encountered while using fo ram in i fe ra  in 

de f in ing  T r in id a d ' s  s t r a t i g r a p h i c  boundaries.

More r e c e n t ly  the  term Moruga Group has been appl ied  to  the s u i t e  of  

rocks which range from Lower Gros Morne to  the  Mayaro/Palmiste
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unconformity (Gene Rohr, pe rs .  comm. 1988, Carr-Brown, pers .  comm. 1989). 

Carr-Brown ( ib i d )  has provided the  accompanying zonation of  t h i s  Early 

P liocene  sequence (Figure 9 ) .  Carr-Brown's i n t e r p r e t a t i o n  i s  based on the  

p a l eo n to lo g ica l  and s t r a t i g r a p h i c  a s s o c i a t i o n s  in subsurface and ou tcrop.  

Carr-Brown's s tudy i s  used to  place  the  sediments in t h i s  s tudy in to  t h e i r  

proper s t r a t i g r a p h i c  pe r sp ec t iv e .  All d i s c u s s io n s  based on the  ages of  

the  rocks s tud ied  have t h e i r  ro o t s  in h i s  i n t e r p r e t a t i o n .

I t  i s  important  to  note t h a t  adherence to  the  North American 

S t r a t i g r a p h i c  Code (1983) i s  lacking  in th e  s t r a t i g r a p h i c  nomenclature in 

T r in idad .  There has been no coherent  and c o n s i s t e n t  ranking o f  the  l i t h o -  

s t r a t i g r a p h i c  u n i t s  encountered and t h i s  r e s u l t e d  in improper assignment 

of  t h e  va r ious  l i t h o s t r a t i g r a p h i c  terms (eg.  formation) in the  subdiv is ion  

of  T r i n i d a d ' s  s t r a t i g r a p h y .  Such a study i s ,  however, beyond the  scope of  

the  p r e s e n t  d i s s e r t a t i o n .

Methodology

S t r a t i g r a p h i c  Analysis

The measured s ec t ion  of the  Moruga Group i s  loc a ted  along th e  south 

coas t  o f  T r in idad .  More than 1600 meters  o f  sec t ion  were measured and 

desc r ib e d .  I n v e s t i g a t io n s  began behind the  Amoco i n s t a l l a t i o n  a t  Galeota 

Point  and ended on the  coas t  of  th e  f i s h in g  and a g r i c u l tu r a l  v i l l a g e  of  La 

Lune.
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Field  work was conducted using geological  procedures outl ined  in 

contemporary textbooks Compton (1962), Kottlowski (1965), Barnes (1982)and 

Tucker (1982). The i n i t i a l  phase of  the se  i n v e s t i g a t i o n s  involved a 

reconnaissance  of  the  outcrop area in May, 1989, fol lowed by a d e t a i l e d  

d e s c r ip t io n ,  which was completed in June,  1989. During the  d e ta i le d  

mapping phase the  v e r t i c a l  ( s t r a t i g r a p h i c )  s ec t io n  was measured across 

s t r i k e  ( in  th e  d i r e c t i o n  of  dip)  and care  was taken to  avoid r e p e t i t i o n  of  

s ec t ion  a t  var ious  po in t s  along the c o a s t l i n e .  The fol lowing instruments 

were u t i l i z e d  during measurement of  the  s t r a t i g r a p h i c  sec t io n :  Jacob 

s t a f f ,  Abney l e v e l ,  two Brunton compasses, hammer, c h i s e l ,  hundred foo t

measuring t a p e ,  geo logic  sca le  fo r  photography and a "d ip d ic a to r " .  10%

HCL and mineral o i l  was used to  a s s i s t  in sample d e s c r ip t io n  and 

c h a r a c t e r i z a t i o n .

Sedimentary s t r u c t u re s  observed were photographed and descr ibed.  

Observations o f  the v e r t i c a l  and l a t e r a l  v a r i a t i o n s  o f  g r a in s i z e s ,  bed 

th icknesses  and sana /sha le  r a t i o s  were made. Lateral  outcrop con t inu i ty  

was severe ly  l im i t e d  in some areas and deep weathering sometimes made 

observat ion and de s c r ip t io n  d i f f i c u l t .  Bedding th ick n esse s  were observed,  

measured and descr ibed  using the fo l lowing a d j e c t i v e s :

Thinly bedded - 30 cm 

Medium bedded - 31 cm t o  75 cm

Thickly bedded - 75 cm

During reconnaissance  i t  was thought t h a t  th e se  bedding terms and 

measurements b es t  represented  the spread of  bed th ick n es s e s  encountered.
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The da ta  c o l l e c t e d  was then c a r e fu l ly  examined upon re tu rn ing  to 

C in c in n a t i .

The s t r a t i g r a p h y  of  t h i s  area i s  a top ic  of  intense debate.  I t  was 

ou ts ide  the scope of  t h i s  s tudy to  div ide  the  u n i t s  using s t r a t i g r a p h i c  

nomenclature (eg.  formation names). One of  the  problems with the  presen t  

s t r a t i g r a p h i c  d iv i s io n s  in southern Trinidad  i s  the  s i m i l a r i t y  in 

appearance o f  major hor izons .  This was indeed a problem along the  south 

coas t  and n e c e s s i t a t e s  a s epa ra te  study using a l l  the to o l s  and techniques 

ava i lab le  t o  modern s t r a t i g r a p h i c  a n a ly s i s .  Since the p resen t  s tudy i s  

mainly concerned with i n t e r p r e t i n g  depos i t iona l  environments i t  was 

thought to  be f a r  more important  to  obta in  a good v e r t i c a l  s ec t ion  than to 

focus on genera l ized  f i e l d  mapping and s t r a t i g r a p h y .

Petrology and Provenance

Throughout the  study ,  ca re  was taken to  c o l l e c t  o r ien ted  samples 

wherever p o s s ib le ,  so t h a t  t h i n  s ec t ions  fo r  pe t rographic  ana ly s i s  were 

always cu t  pe rpendicu la r  to  bedding.  A blue colored dye was added to  

epoxy r e s in  f o r  impregnation,  to  de f ine  po ro s i ty  and preserve g ra in  

boundaries.  One h a l f  of  each th in  sec t ion  was s ta ined  f o r  f e ld s p a r s .

The s l id e s  were examined using plane and po la r i zed  l i g h t ,  descr ibed and 

po in t  counted. Twenty-eight  t h i n - s e c t io n s  were s tud ied .

Modal analyses were undertaken following the  methods of  Chayes (1956) 

and G r i f f i t h s  (1967). The theory  has s ince  been re f ined  and reapp l ied  by 

Dickinson,  (1970), Graham, e t  a l .  (1976), Dickinson and Suczek (1979) and 

Dickinson e t  a l .  (1983).  The goal in t h i s  form of modal ana lys i s  i s  to
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i d e n t i f y  the  e f f e c t s  of  a l l  p o s t -d e p o s i t io n a l  processes  and thus 

r e c o n s t i t u t e  the  o r ig ina l  sandstone composition so t h a t  accura te  

i n t e r p r e t a t i o n s  of  sandstone source t e r r a i n s  may be made.

The samples were c a r e f u l l y  chosen f o r  modal ana lyses .  Samples t h a t  

were the  l e a s t  a f fec ted  by weathering and those  o f  a g r a i n s i z e  t h a t  bes t  

al lowed f o r  easy g ra in  recogn i t ion  were p r e f e r r e d .  Sample s e l e c t i o n  

spanned the  length  ( th ickness)  o f  t h e  sequence measured.

On the  average s ix  hundred and f i f t y  (650) po in t s  per  t h i n  sec t ion  

were counted,  on a 1 mm g r id  using a mechanical s tag e .  Twenty e ig h t  th in  

s e c t i o n s  were po in t  counted.  This  number of  counts ensures  t h a t  counting 

e r r o r s  f o r  g ra in  parameters  a re  very  l i k e l y  much l e s s  than f i v e  percent  

(5%) of  the  whole rock f o r  in d iv idua l  counts (van der  p ia s  and Tobi,

1965). The c r i t e r i a  used f o r  d i s t i n g u i s h in g  g ra in  type s ,  ma tr ix  and o the r  

components are those of  G r i f f i t h s  (1967), Dickinson (1970) and Graham 

e t  a l .  (1976). Standard textbooks on o p t i c a l  mineralogy were a l so  

consu lted  (eg. Kerr,  1977).

To b e t t e r  ch a ra c te r i z e  the  cements a mixture of  A l i z a r in  Red S in 

potassium f e r r ic y an id e  was used.  This  s t a i n  renders  c a l c i t e  r ed ,  Fe- r ich  

c a l c i t e  purp le  and Fe- r ich  dolomite  b lue .  In add i t ion  twelve outcrop 

samples were analyzed by XRD to  b e t t e r  determine the  composition of  the 

cement. Two samples of  c u t t i n g s  were a l so  analyzed by XRD and showed no 

carbona tes  due to  low abundances o f  carbonate  cement.

Monocrystal l ine g ra in s  l a r g e r  than g ra in s  o f  very f i n e  sand 

( .0625 mm) t h a t  occur w ith in  l i t h i c  fragments are counted as d i s c r e t e
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quar tz  (Q) and f e ld s p a r  (F) r a t h e r  than rock fragments,  s ince 

m onocrys ta l l ine  quar tz  and f e ld s p a r  g ra ins  are con t r ibu ted  to the  sediment 

by eros ion  and d i s in t e g r a t i o n  of  such fragments (Dickinson, 1970).

Because the primary concern i s  with framework mineralogy the  compo­

s i t i o n s  were rec a lc u la te d  to  one hundred percent  (100%) neg lec t ing  minor 

c o n s t i t u e n t s :  those not  included in the  d ia g n o s t ic  provenance schemes of  

Dickinson and Suczeck (1979) and Dickinson e t  a]_. (1983). The raw po in t  

count d a ta  a re  presented  in Appendix 1 (a) and the  r eca lcu la ted  da ta  are 

given in Appendix 1 (b) .  The rec a lc u la te d  da ta  were then p lo t t e d  onto the 

th r e e  t e rn a r y  diagrams of  Dickinson and Suczeck (1979) and two te rn a ry  

diagrams o f  Dickinson e t  a l -  (1983). The meanings of  the  var ious 

c h a ra c te r s  in the  te rn a ry  diagrams are given in Table 2.

SEM and XRD Study

Nine samples were examined and photographed using a Scanning Electron 

Microscope f i t t e d  with a KVEX elemental ana lyzer .  Photographs were taken 

of  the  h ighly magnified images with spec ia l  emphasis on clay minera ls  and 

au th igen ic  overgrowths with in  pore spaces.

Heavy Minerals

Between 400 and 500 grams of  f i v e  outcrop samples were placed in 10% 

hydrochlo r ic  acid fo r  approximately th r e e  weeks to  be d isaggrega ted ,  so 

t h a t  de termina tions  of  the heavy mineral conten t  of  the  sandstones could 

be made. The samples were not f u l l y  d isaggrega ted;  however, enough 

mater ia l  was obtained to  be used in these  analyses .  The disaggregated
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samples were washed in d i s t i l l e d  water  and acetone,  then d r ied .

Separat ion was e f f ec ted  using a Buchner Funnel and bromoform. The heavy 

minerals  were then washed, dr ied  and mounted a t  120°C in Alo-Clor a 

thermal s e t t i n g  epoxy which has a r e f r a c t i v e  index of  1.677. Acceptable 

mounts o f  four  heavy mineral s u i t e s  were obta ined .  The gra in  mounts were 

examined, g ra ins  i d e n t i f i e d  and point  counted.

The ZTR index was c a l cu la ted  f o r  each of  the  four samples on which 

heavy mineral analyses were done. This c a l c u l a t i o n  was done by summing 

the  number of  g ra in s  of  z i rcon ,  tourmaline and r u t i l e  and using them as a 

percentage of  the  t o t a l  number of  heavy mineral g ra ins  minus micas and 

au th igen ic  minerals .

Palynology and Micropaleontology

Twenty-four s idewall  cores (1550-12, 500 f e e t )  and twelve cu t t in g  

samples (860-15, 230 f e e t )  from the  Amoco West SEG-1 wel l ,  of fshore 

Trin idad  and nine teen outcrop samples from the  south coas t  s t r a t i g r a p h i c  

se c t io n ,  were analyzed f o r  palynologic content .

The f l o r a  recovered were d e t a i l e d  in e ig h t  p l a t e s  and presen ted as a 

photographic c h e c k l i s t .

During the  i d e n t i f i c a t i o n  of  the  palynomorphs the  l e v e l s  of  ca rbon i ­

za t ion  were also  noted and these  da ta  are presen te d .

35

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Acknowledgements

The completion of  t h i s  s tudy d i c t a t e s  t h a t  I express my g r a t i t u d e  to 

many persons and o rgan iza t ions  fo r  t h e i r  suppor t  - s p i r i t u a l ,  i n t e l l e c t u a l  

and f i n a n c i a l .  I am indebted to  the f a c u l ty  o f  th e  Department of  Geology 

a t  the  U nivers i ty  of  Cinc innat i  fo r  the f r i e n d l y  and cord ia l  atmosphere 

w ith in  which tremendous lea rn ing  took p lace .  I have c e r t a i n l y  ben e f i t t e d  

from t h i s  atmosphere.

Special  thanks must go to  my advisors  P ro fesso rs  Pryor,  Huff and 

Maynard fo r  the  t a n g ib le s  and in t a n g ib l e s ,  t h e i r  guidance,  motivat ion and 

suppor t .  Pro fessor  Pryor shared h is  g r e a t  s t r a t ig r a p h ic / s e d im e n to lo g ic  

and f i e l d  experience with me both in the  f i e l d  and classroom. Professor 

Huff always o f fe red  ideas on clay  mineralogy and d iagenes is  and pro fessor  

Maynard was always o f  a s s i s t a n c e  in d i scuss ing  geochemical ideas .  My 

in t roduc t ion  to  the Department of  Geology and th e  U nivers i ty  o f  Cincinnati  

was through Professor Paul P o t t e r .  Wanda Osborne has always been 

suppor t ive and helpful  in her  own unique way!

My co l leagues  a t  the  Geology Department provided sounding boards fo r  

my ideas  r e f in i n g  them in the  process .  Thanks t o  Dan Petersen  and 

Rich Terry f o r  computing a s s i s t a n c e ,  Kevin Savage f o r  a s s i s t a n c e  with 

heavy mineral s epa ra te s  and Kenan Cetin fo r  our many d is cuss ions  of  clay 

mineralogy.

Financial  and l o g i s t i c  support  was provided by Amoco Production 

Company and Amoco Trin idad  Oil Company Limited,  MOBIL New Explorat ion

36

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Ventures (MNEV) and Tr in topec .  An a s s i s t a n t s h i p  and re sea rch  funds from 

the  Sedimentology Fund were provided through the  Geology Department.

Ind iv iduals  who a s s i s t e d  tremendously with in  the se  o rgan iz a t ions  were 

S haf f ie  Ali (Amoco T r in idad ) ,  S co t t  Urban (Amoco Production - thanks a 

m i l l i o n ,  S c o t t ) ,  the  Tr in idad  Geophysical S t a f f ,  Brenda Claxton,

Rick Tobin,  Will Dorsey, John F a r r e l l y  (Amoco Production) and Tom Edwards 

(Amoco Research).  Tim Tvrdik,  Glen Pense and Tom Edwards of  MNEV.

Andrew Lamy generously c o n t r ib u ted  h i s  vas t  knowledge and e x p e r t i s e  with 

Tr in idadian  palynology and Rick Flugeman a s s i s t e d  with micropalaeontology.

The Lee Sing household,  S i s t e r  Evange li s ta  and the  people o f  Moruga 

v i l l a g e  were very ho sp i ta b le  during f ie ldwork .  To the  many f ishermen who 

went o f f  course to  take  me in to  p e r i l o u s  waters  in the  "wee" hours of  the 

morning fo r  f i e l d  work, f o r  the  f i s h in g  le ssons  and f o r  shar ing  t h e i r  l i f e  

ph ilosophies  - the  experience was g rea t !

As usual my family has been q u i t e  suppor t ive and they  have taught  me 

the  le ssons  necessary to  succeed.  I thank them f o r  t h e i r  moral support 

and th e  c u l t i v a t i o n  of  my s p i r i t e d  d r iv e .

Musical i n s p i r a t i o n  was provided by the  l a t e  Robert "Bob" Nestor  

Marley and s inger  "Mighty Sparrow" Francisco .

"Thanks A B i l l i o n  To A l l ."

37

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



DESCRIPTIVE STRATIGRAPHY

In t roduc t ion :  The Moruga Group; South Coast Trinidad

The c l a s t i c  rocks which crop out along the  southern Trinidad 

c o a s t l i n e  are mainly f ine  grained sandstones with interbedded s i l t s t o n e s  

and mudstones o f  the Early pl iocene Moruga Group. They outcrop along the 

coas t  in a coarsening and thickening upward v e r t i c a l  s ec t ion  a t  l e a s t  

1,600 meters t h i c k .  Sandstones c o n s t i t u t e  approximately 50-55% of  the  

s e c t i o n .  The sandstones are poorly to  moderately sor ted  and composed of 

sands which range from lower medium grained  (250-350 microns) to  lower 

very f in e  grained  (52-88 microns) . The most commonly found sedimentary 

s t r u c t u r e s  are graded beds, plane p a r a l l e l  laminat ion ,  very low angle 

c ross  beds, r i p p l e s  and r ip p l e  laminat ion,  convolute laminat ion,  

convolute bedding, synsedimentary ptygmatic fo ld s ,  small sca le  p a r a l l e l  

la mina t ion ,  load c a s t s ,  f l u t e s ,  grooves, s t r i a t i o n s ,  bal l  and p i l low 

s t r u c t u r e s ,  and amalgamated beds.

S i l t s t o n e s  are also  very common and often  occur as a t r a n s i t i o n a l  

phase from beds of  sandstones t o  mudstones. They al so  occur as d i s c r e t e  

beds of s i l t s t o n e  which grade upward in to  mudstones. S i l t s  c o n s t i t u t e  

approximately 20-25% of the  measured sec t ion  of  the  Moruga Group.

Mudstones are often capping the s i l t s t o n e  and sandstone beds and 

c o n s t i t u t e  about 20-25% of the  measured s e c t io n .  In th in  sec t ion  mud al so  

occurs as matr ix .  Mud i s  also  encountered as ,!r ipped-up c l a s t s "  with in  

sandstone beds. The coveral l  mud con tent  ( e s p e c i a l l y  interbedded 

mudstone) decreases upward over the  le ng th  of  the  measured s e c t io n .
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Descript ion o f  the Measured Section

The s ec t io n  descr ibed  i s  presented  in d e t a i l  as Appendix A; however, 

a p a r t i a l l y  i n t e r p r e t e d ,  summary sec t ion  i s  included as Figure 10.

The base of  the  sec t ion  began behind the  Amoco p la n t  a t  Galeota poin t  

in the  f i n e  grained  sands,  s i l t s  and mudstones o f  the  St .  H i l l a i r e  S i l t  

( the Southern Range equ iva len t  of  the middle Gros Morne Formation).  Here 

the  sequence i s  comprised o f  interbedded dusky ye llow to  l i g h t  o l ive  

sandstones and s i l t s t o n e s  and sha les  which range in co lor  from l i g h t  o l ive  

to  b lack ish  gray.  The dips are toward the  southwest a t  approximately 60°. 

These d ips  become s teepe r  up sec t ion  and may be as high as 84°. The 

sandstones gene ra l ly  have f l a t ,  sharp o f ten  scoured bases ,  sometimes 

marked by f l u t e  c a s t s ,  grooves and s t r i a t i o n s .  Individual  sandstone bed 

th icknesses  range from 2 to  80 cen t ime te rs  and they grade upward in to  

s i l t s t o n e s  and mudstones. Thin sandstone (1.5 t o  5 cen t im e te rs ) ,  

s i l t s t o n e  and mudstone beds were often  observed interbedded as t r i p l e t s .  

The indiv idual  sandstone beds are  graded,  poor to  moderately sor ted  and 

comprised of  very f i n e  sand with a muddy matr ix .

Pe t rographic  s tud ie s  show t h a t  t h e  matrix a l so  includes some crushed 

g la u c o n i t i c  p e l l e t s .  The sandstone/mudstone r a t i o  in t h i s  sec t ion  i s  

approximately 5/1 .  The most common sedimentary s t r u c t u r e  developed in the 

s i l t s t o n e s  was plane p a r a l l e l  laminat ion ,  though some r ip p l e s  were 

sometimes observed.  Mudstones commonly showed r i p p l e s ,  convolute and 

r ip p l e  laminat ion .
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KEY TO ABBREVIATIONS IN FIGURE 10.

DLSW - Down Lap Surface Wedge

PLSW - Prograding Lowstand Wedge

TST - Transgress ive  Systems Trac t

DLS - Downlap Surfaces

LSW - Lowstand (prograding) Wedge

t s f s  - top slope  fan su r face

FI - Facies I

FII - Facies II

F i l l  - Facies I I I
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Some of  the more s t r i k i n g  f e a t u r e s  observed a t  t h i s  outcrop include 

ch a o t ic  beds,  channel scours and contorted  bedding.  These f e a tu r e s  

t o g e th e r  with some c h a r a c t e r i s t i c  primary sedimentary s t r u c t u r e s ,  and the 

ove ra l l  sand-shale  r a t i o  have led  to  t h i s  outcrop being inc luded as par t  

of  Facies I which i s  descr ibed  l a t e r  in t h i s  chap ter .

The chao t ic  beds are t y p i c a l l y  composed o f  broken p ieces  of  f in e  

g rained sandstone and s i l t s t o n e  beds in a matr ix  of  very f i n e  sand. One 

very prominent bed of  t h i s  na tu re  was measured as being 1.7 meters  th i c k  

(Figures 11 and 12). This f e a t u r e  i s  i n d i c a t i v e  o f  the  f a c t  t h a t  the  thin 

sandstone beds were broken up soon a f t e r  depos i t ion  and moved downslope as 

p a r t  o f  a l a rg e r  flow u n i t .  The chao t ic  beds al so  show a c lo se  a f f i n i t y  

with convolute laminae and some poorly developed ba l l  and p i l low 

s t r u c t u r e s .

A very prominent channel f e a t u r e  was observed.  This channel f i l l  was 

a low amplitude,  broad f e a t u r e ,  approximately 1.8 meters  deep,  with a 

sharp erosional  base and low angle cross  beds (Figure 13). The very f ine  

t o  f i n e  grained sandstone i n f i l l i n g  t h i s  channel i s  graded and poorly 

s o r t e d  showing plane p a r a l l e l  laminat ion ,  with a th i n  cap o f  r ipp led  

mudstone. Immediately fol lowing  t h i s  channel two l e s s  prominent and 

smal le r  channels were observed with the same f e a t u r e s .

Some contorted  bedding was observed.  These beds,  comprised of  f ine  

sand show plane laminat ions  a t  the  bases and evidence o f  grading before 

breaking into numerous co n to r t io n s  on the upper su r face .  Contorted beds 

may be as th i c k  as 0.6  meters  (Figure 14).
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Figure 11 - Chaotic bedding composed of  broken beds of  f ine  grained 
sandstones in a s i l t s t o n e  and mudstone matrix.  This bed 
i s  located  near Gran Cal le  Point .

Figure 12 - A close-up view of  the  above bed, i l l u s t r a t i n g  in te rna l  
lamination in broken sandstone beds.
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Figure 13

Figure 14

- Broad channel i n f i l l e d  by graded and poorly sorted  f ine  
grained sandstone.  Channel f e a t u r e  located  a t  the 
extreme t i p  of  Galeota Point .

- Contorted bedding. This bed i s  approximately 35
centimeters  th i c k  and loca ted  west of  Gran Cal le Point .
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Paleocurren t  measurements were taken from assymetrical  r i p p l e s  a t  

t h i s  s ec t ion  and they ind ica te d  v a r i a b le  flow d i r e c t i o n s  which ranged from 

320° to  42°. Paleoflow was g en e ra l ly  in a no r th e r ly  d i r e c t i o n .

The measured sec t ion  changed c h a ra c te r  about one mile west o f  Gran 

Cal le po in t  beyond which the  two most obvious changes were (a) and d r a s t i c  

inc rease  in the  sand/shale r a t i o ,  and (b) a major inc rease  in  bed t h i c k ­

nesses and a s l i g h t  inc rease  in g ra in  s i z e  as more medium and f i n e  medium 

grained sandstones are observed. At Gran Cal le po in t  a very prominent 

synsedimentary ptygmatic fo ld  (Figure 16) was observed and measured. This 

fo ld  was found sandwiched between normally undeformed beds and th e  c r e s t  

was approximately 2.9 meters high.

Beyond t h i s  poin t  the  sand /sha le  r a t i o  increased  to  g r e a t e r  than 60/1 

and a t  t imes as g rea t  as 75/1,  f o r  example a t  Canari po in t  where almost no 

mudstone was presen t .  Average sand /sha le  r a t i o  fo r  the  r e s t  of  the  

measured sec t ion  i s  approximately 40/1.  Bed th icknesses  show a marked 

inc rease  and the re  i s  a g r e a t e r  amount of  medium grained  sandstone in the 

g r a in s i z e  range 250-350 microns.  S i l t s t o n e  i s  the o the r  prominent 

l i t h o lo g y .  Sandstone beds range in th ickness  from 10 cen t im e te r s  to  14.1 

m e te r s .

At Gran Calle Point  the  sequence i s  t h i c k l y  bedded with beds up to  

4 .4  meters  th ick  (Figure 15). These beds are composed o f  f i n e  to  medium 

grained sandstones.  There i s  a l so  a markedly l a rg e  amount sandstone beds 

which contain  very low angle c ross  beds. The very low angle c ross  beds 

are prominent in beds comprised of  sandstone which range in g r a in s i z e
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Figure 15 - Thickly bedded medium to  f in e  grained sandstone bed at  
Gran Calle Point .  This bed i s  4.4 meters th ick  and 
conta ins pebbles and two exo t ic  boulders of mudstone.

Figure 16 - D is to r ted  core of  a prominent ptygmatic fold at  Gran 
Calle Point .
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from 177-350 microns. These beds are succeeded by p a r a l l e l  laminated and 

r i p p l e d ,v e ry  f i n e  grained  sandstone.  Convolute beds are also  p re sen t .  

These beds are approximately 25 cent im ete rs  t h i c k  and are observed to  l i e  

between beds which are otherwise l a t e r a l l y  continuous and und isturbed .

Approximately 500 meters before Point  Casse Cou th e re  are some well 

exposed b io tu rb a te d ,  t h i n l y  bedded sandstone,  s i l t s t o n e  and mudstone with 

Cruziana and Skoli thos  t r a i l s  and burrows. These beds are sandwiched 

between o therwise medium to  t h i c k ly  bedded very f i n e  grained sandstones 

which were dominated by Bouma f a c i e s .  These beds are moderately well

so r ted  and conta ined "ripped-up" c l a s t s  of  mudstones and s i l t s t o n e s .

At po in t  Casse Cou medium to  t h i c k ly  bedded sandstone beds were 

observed.  These beds have sharp bases and are graded. Graded beds are 

followed by beds of  plane p a r a l l e l  laminat ion  and minor r i p p l e s .  These 

beds a l so  con ta in  c l a s t s  of  mudstone. Pa leocurren t  measurements i n d i c a te  

a c u r r e n t  flowing 20° toward the  n o r th e a s t .

At Point  P e t i t  Casse Cou the re  a re  well exposed beds which 

demonstrate very low angle cross beds. These beds are t h i c k ly  bedded (up 

to  2.1 meters  t h i c k ) ,  Figure 17. They gene ra l ly  succeed graded beds. 

Pa leocurren t  measurements ind ica te  a c u r ren t  flow toward 40° n o r th ea s t .  

Some package of  t h i n l y  bedded sandstone ,  s i l t s t o n e  and mudstone were 

observed.  These packages are s t rong ly  r i p p l e d .  Convolute r i p p l e s  are 

a l so  p r e s en t .
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Figure 17 - Very low angle cross beds (HCS) developed in a fine
grained sandstone bed at Point Petit  Casse Cou.

Figure 18 - Very low angle cross  beds in a f ine  grained sandstone 
bed a t  Point Tab!as.
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This s t y l e  of bedding - medium to  t h i c k l y  bedded sandstones ,  which 

are graded and al so  con ta in  plane p a r a l l e l  lamina t ion  and very low angle 

c ross  beds, (Figure 18), with occasional  packages o f  t h i n l y  bedded r ipp led  

(Figure 19) and convolu tely  laminated sandstone,  s i l t s t o n e  and mudstone 

continued up sec t ion  to  Point  Tablas.  At Poin t  Tablas two very low 

amplitude channels  were observed. These are  i n f i l l e d  by graded sands 

which range in g r a in s i z e s  between 125 t o  300 microns.  These channels are 

very broad s t r u c t u r e s  with sharp bases which cu t  down in to  beds of  f ine  

grained sands and s i l t s .

At Poin t  Tablas,  pa leocurren ts  measured were obta ined  from r ip p l e s  in 

sand and s i l t s t o n e  and in d ica te  a cu r r e n t  flow o f  40° toward the  n o r t e a s t .  

Sandstone beds al so  conta in  lenses  o f  " r ipped-up"  c l a s t s  o f  s i l t s t o n e  and 

mudstone and have bases ornamented with load c a s t s  and basal  s t r i a t i o n s .

At t h i s  lo c a t io n  th e re  are also  some hardened o i l  seeps which l e f t  a t a r  

l i k e  substance .  Su lfu r  i s  c lo se ly  a s s o c ia t ed  with t h i s  hardened and 

degraded o i l .  Interbedded with the  f i n e  gra ined  sandstones and s i l t s t o n e s  

was a l a rge  amount o f  p la n t  d e b r i s ,  Figure 21. This p la n t  mater ia l  is  

c l e a r ly  reworked and i s  found along laminae and i n f i l l i n g  the  troughs  of  

the well exposed r i p p l e  forms. The most prominent sedimentary s t r u c t u r e s  

p resen t  here are cl imbing r i p p l e s .  These r i p p l e s  range from 10 to  15 

cent imete rs  in length  and 2 to  6 cen t im e te rs  in he ig h t .  They have steep 

le e  s ides  and and ge n t l e  s to s s  s id e s .  Most o f  t h e se  r i p p l e s  appear to  be 

in phase and the  in t e rn a l  f o r e s e t  laminae dip predominantly in one 

d i r e c t i o n .  Very low angle c ross  beds were observed to  be ove r la in  by 

these  wave forms. T r i p l e t s  of  very f i n e  g ra ined  sandstone,  s i l t s t o n e  and 

mudstone were found with in  t h i s  s e c t i o n .
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Figure 19 - Current ripples and low angle cross beds developed in a
fine grained sandstone bed at Point Tablas.

Figure 20 - Well developed plane bedding a t  Point Tablas.
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These t r i p l e t s  are grouped in to  packets  which range in th ickness  from 2 to 

6 meters .

This sec t ion  from Pt .  Tablas to  Canari Point  i s  composed mainly of  

medium bedded, medium to  f i n e  g ra ined ,  l a t e r a l l y  continuous sandstones.  

Grain s ize s  range from 125 to  250 microns. Graded beds,  plane p a ra l l e l  

laminat ion (Figure 20) ,  very low angle c ross  beds and r i p p l e  s t r u c t u r e s  

are  arranged in numerous r e p e t i t i v e  Bouma cyc les .  Some cl imbing r ip p le s  

were al so  found. Amalgamated bedding was observed (Figure 22) .  Beds have

sharp ,  o ften  ornamented bases ( load c a s t s  and s t r i a t i o n s )  and contain

"ripped-up" mudstone c l a s t s .  Convolute bedding and "ba ll  and pil low"

s t r u c t u r e s  are a l so  p r e s e n t .  There was a s trong  scen t  o f  su lphur  over the

le ng th  of  t h i s  s e c t i o n .

These medium bedded sandstone a t  Canari Po in t  passed in to  more

th i c k l y  bedded sandstone about .6 km beyond Canari Poin t .  The th i c k ly

bedded sandstones are dominated by Bouma Tab subd iv is ions  and p la nar  cross

beds are very widespread.  A very th i c k  amalgamated sandstone bed was 

observed. This bed 36.6 meters  t h i c k  i s  composed of  graded to  massive 

medium to  f i n e  g ra ined ;  and with plane p a r a l l e l  laminat ion with in  the  top 

two meters .  This bed a l so  conta ins  some wood fragments.  These fragments 

are  randomly d ispersed  through the  bed and f i n e r  grained p la n t  materia l

was found along the  laminae a t  the  top .
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Figure 21 - Reworked p lan t  debr is  exposed on a bedding surface  a t  
Point Tablas.
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Figure 22 - Very th i c k ly  bedded and amalgamated sandstone beds about 
200 meters west of  Point  Tablas.  These beds dip a t  
approximately 86° to the south.  Top i s  towards the  l e f t  
and the  cent ra l  bed i s  2.6 meters  th i c k .
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At A lca t ra s  Point very t h i c k  sandstone beds were encountered.  Some 

of  the se  amalgamated beds are up to  60 meters  t h i c k .  They range from 

massive to graded and also  conta in  low angle p lanar  cross  beds (Figures 23 

and 24) ,  plane p a r a l l e l  laminat ion ,  r i p p l e s  and convolute laminat ion ,  and 

convolu te bedding.  Bouma Tabcd subdiv is ions  are very common. The th i c k e r

sandstones contain  a la rge  amount of  "r ipped-up" mud and s i l t  c l a s t s .

Some p la n t  deb r i s  i s  incorporated in to  these  sandstones as t r anspo r te d  

m a te r i a l .  Dried and oxidized o i l  was a l so  found.  Sandstone beds have 

sharp to  scoured bases and f l a t  to p s .  The tops  are g rada t iona l  in to  s i l t  

and sometimes mud. Very l i t t l e  mud i s  p re sen t .  Amongst these  t h i c k ly  

bedded sandstones are t h i n l y  bedded packets  of  f i n e  grained  sand, s i l t  and 

mud which are  s t rong ly  r ipp led  and show some convolute laminat ion .  These 

packets  are s im i la r  to  Bouma subdiv is ions  Tde and occas iona l ly  when plane

laminat ion i s  p resen t  to  Bouma Tcde.

At Moruga Point low angle c ross  bedded sandstone cont inue to  be 

dominant amongst th i c k ly  bedded sandstones .  Minor amounts of  wood and 

p l a n t  deb r is  are incorpora ted  in to  the se  beds.  These sandstones al so  

con ta in  l a rg e  s t r a i g h t  c re s te d  r i p p l e s .  Minor cuspate r i p p l e s  are also  

p r e s en t .  The sandstones are graded and conta in  plane p a r a l l e l  laminat ion 

and convolute bedding amongst the  most dominant primary s t r u c t u r e s .  Bouma 

subd iv is ions  Tbcd are most prominent.  Bases of  these  sandstone beds are

ornamented by load c a s t s ,  f l u t e s  and s t r i a t i o n s .  Two s e t s  of  pa leocur ren t  

measurements were obtained which i n d i c a t e  cu r r e n t  flows northward toward 

348° and 10°.
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Figure 23 - HCS or t runca ted  wave lamination exposed a t  Alcat ras  
Point.

Figure 24 - HCS(?) or  very low angle cross beds a t  A lca t ras  Point.
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At Morequite Point a th i c k ly  bedded s ec t io n  was observed.  These beds 

are  comprised of  medium to  f i n e  grained  sand (88-250 microns) .  They are 

massive to  graded and contain plane p a r a l l e l  laminat ion ,  r i p p l e s ,  

convolute laminat ion and low angle c ross  beds (Bouma Tabcd) .  The beds al so

incorpora te  mudstone pebbles and have sharp,  scoured,  ornamented ( load 

c a s t s  and f l u t e s )  bases and gradat ional  to p s .  See Figure 25.

At Point  Otho t h i n ly  bedded packets  of  f i n e  grained  sandstone,  s i l t -  

s tone and mudstone are p resen t .  These are in terbedded with medium bedded 

sandstones which contain plane p a r a l l e l  laminat ion  and very low angle 

cross  beds. A major synsedimentary ptygmatic fo ld  was observed with fo ld  

axes showing random o r i e n t a t i o n s ,  Figure 25. The mud content  of  the  

overa l l  s ec t ion  again inc reases  and the  sandstone/mudstone r a t i o  decreases 

t o  approximately 35/1.  Most of  the mud was depos i ted  in th i n  beds and 

in terbedded with f ine  gra ined sand and s i l t .  Some mud was also  

reminiscent  o f  pelag ic /hemipelag ic sedimentat ion  a t  the  top of  t h i c k e r  

sandstone beds.

The top of  the measured sec t ion  was a t  Po in t  Curao. At t h i s  loca t ion  

minor p la n t  deb r i s  i s  incorpora ted  in to  beds which were otherwise graded 

and contain  plane p a r a l l e l  laminat ion ,  low angle c ross  beds and convolute 

laminat ion .  Some convolute bedding was a l so  observed.  Packets of  

s ands tone /s i l t s tone /m uds tone  t r i p l e t s  a re  in te rbedded within the  more 

t h i c k ly  bedded sandstones.  These t h i n l y  bedded packages are dominated by 

r i p p l e s  and t h i n  laminat ions .  Paleocurrent  measurements in d i ca te  a 

northward c u r ren t  flow which ranged from 320° t o  40°.
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Figure 25 - Steeply bedded sandstones a t  Morequite Point .  Note 
trunca t ions  (bold l ines )  assoc ia ted  with channels.
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Figure 26 - Large ptygmatic fo ld  a t  Point  Otho.
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Sedimentary S t ru c tu r e s  and Hydrodynamics

Primary sedimentary s t r u c t u r e s  and sedimentary t e x tu r e s  are the major 

sources of  in format ion regard ing  the  medium, mode of  t r an s p o r t  and energy 

condi t ions  a t  the  t ime of  dep o s i t io n .  Primary sedimentary s t ruc tu re s  are 

those f e a t u r e s  formed a t  th e  time of  depos i t ion  o r  s h o r t l y  th e r e a f t e r  and 

before c o n so l ida t ion  of  the sediments in which they are found (Pett i john  

and P o t t e r ,  1964). Sedimentary s t r u c t u re s  are the  r e s u l t  of  hydrodynamic; 

processes  opera t ing  on a given mass of  sediment ( c o l l e c t i v e l y  a group 

ind iv idual  p a r t i c l e s ) .  These s t r u c t u r e s  a re  t h e  key to  in te rp re t ing  

d epos i t iona l  environments as they are the r e s u l t  o f  in t e r a c t io n s  between 

g r a v i ty ,  the  phys ical  and chemical c h a r a c t e r i s t i c s  o f  the  sediment and the 

f l u i d  as well as th e  hydrau l ic  environment.

Numerous o th e rs  have at tempted to  g r a p h ic a l l y  (mathematically)  define 

the  var ious  parameters  and l im i t in g  f a c t o r s  in  a given f l u i d  (or  a i r )  

flow. Other mathematical r e l a t i o n s h i p s  have been e s tab l i shed  between 

these  v a r i a b le s  and are represen ted  by (a) the  Reynolds Number (Re) and 

(b) the  Froude Number (F).  These equat ions a re  used to  determine the 

hydrodynamic co n d i t io n s  of  a flow. The equa t ions  represen t ing  both these  

numbers a re  given here :

(a) Re = (VL)/m (a dimens ionless number);

where V i s  the f low v e l o c i ty ,  L i s  the length  o f  flow and m is  the 

kinematic v i s c o s i t y .

The Reynold 's  Number i s  a mathematical de termina tion  of the c r i t i c a l  

value a t  which the  flow of  a f l u i d  changes from laminar to tu rbu len t .  The
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Reynold 's  Number of  most na tura l  flows i s  l a rg e  which i s  not su rp r i s in g  as 

most na tu ra l  flows are genera l ly  t u r b u l e n t .

(b) F = V/(gh)-°-50

where V = flow v e l o c i ty ,  L = length of  flow, g = a c c e l e r a t io n  due to  

g r a v i t y ,  h = depth of  flow and, m = kinematic v i s c o s i t y  of  flow.

The Froude Number def ines  of  f low regimes which i s  c r i t i c a l  to  the  

hydrodynamic approach.  When flow i s  t r a n q u i l  F<1, bedforms of  the lower 

flow regime are s t a b l e .  Rapid flow i s  c h a ra c te r i z e d  by F>1 and upper flow 

regime bedforms are s t a b l e .

Furthermore Simmons e t  aFL (1965) c l a s s i f i e d  f low regimes and 

o u t l ined  t h e i r  c h a r a c t e r i s t i c s  in the  fo l lowing Table 2.

The underlying premise i s  t h a t  given any " se t"  o f  parameters  a 

p a r t i c u l a r  s u i t e  of  sedimentary s t r u c t u r e s  wil l  be formed. Sedimentary 

s t r u c t u r e s  are i n d i c a t i v e  of  processes  and NOT envi ronments. A s u i t e  of  

sedimentary s t r u c t u r e s ,  however, when placed with in  th e  v e r t i c a l  and 

l a t e r a l  contex t  of  f a c i e s  ( l i t h o l o g i e s )  w i l l  then be d ia g n o s t i c  of  

sedimentary processes  with in  a s p e c i f i c  environment.  The f a c i e s  thus  

descr ibed are the  bu ild ing  blocks of  environmental de te rm ina t ions .

Reineck and Singh (1978) s t a t e s ,  "The presence or  absence of  individual  

f e a tu r e s  cannot genera l ly  be used as a p o s i t i v e  sign in environmental 

i n t e r p r e t a t i o n .  Most of  the  s t r u c t u r e s  occur in severa l  environments. I t  

i s  gene ra l ly  the  spectrum of sedimentary s t r u c t u r e s  and t h e i r  presence
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Flow regime Bedform
Bed material
concentrations
(ppm)

Mode of
sediment
transport

Type of 
roughness

Phase relation 
between bed & 
water surface

Lower regime Small ripples 10-200 Discrete steps Form roughness 
predominates

Out of 
phase

Small ripples on 
megaripples

Megaripples

100-1200

200-2000

Transition Washed-out
megaripples 1000-3000 Variable

Grain roughness 
predominatesUpper regime Plane beds 

Antidunes 

Chutes and Pools

2000-6000

2000

2000

Continuous In phase

Table 2. Classification of Flow Regime and their Characteristics (After Simons et al., 1965)



in c e r t a i n  combinations t h a t  provide d i r e c t  c lues  in environmental 

i n t e r p r e t a t i o n . "

The Bouma Sequence

Bouma sequences are the  most common s e t  of  sedimentary s t r u c t u r e s  in 

the  rocks of  the  Moruga Group, and inc lude  the  graded beds descr ibed 

e a r l i e r .  This a s soc ia t ion  deserves some specia l  t rea tm ent as these  

s t r u c t u r e s  are d ia g n o s t i c a l ly  s i g n i f i c a n t .

Kuenen (1953) defined a graded bed as a sandstone bed t h a t  con ta in s  a 

moderately high percentage of  matrix and shows a d e f i n i t e  v e r t i c a l  

decrease in median g r a in s i z e .  From flume experiments i t  has been 

a sc e r t a in e d  t h a t  t h i s  change in s i z e  i s  determined by a gradual  decrease 

in mean v e lo c i ty  from the  f ro n t  to  the  r e a r  of  a t u r b i d i t y  c u r ren t  

(Kuenen and M ig l io r in i ,  1950; Simons e t  al_., 1965). Bouma (1962) devised 

a model which cha rac te r ized  the v e r t i c a l  arrangement o f  sedimentary 

s t r u c t u r e s  in a s ing le  t u r b i d i t e  and he proposed a convenient  method of  

desc r ib ing  and def in ing these  beds.  Bouma (1962) suggested an ideal  

t u r b i d i t e  bed should c ons i s t  of  f i v e  elements (Bouma Cycle) and t h a t  

th e se  beds are repeated many t imes wi th in  a v e r t i c a l  sequence.  Walker 

(1965 and 1970) analyzed t h i s  sequence in  terms of  flow regimes and 

hydrodynamics (Figure 27).

The elements of  the  complete Bouma Cycle are b r i e f l y  descr ibed below, 

from bottom to  top:

T. - a lower massive or  graded co a r s e r  sand d iv i s io n ;3

Tb - a lower d iv i s ion  of  p a r a l l e l  laminae or  plane beds o f  co a r se r  sand;
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Bouma (1962) 
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Rapid deposition 
and Quick bed (?)

Figure 27. Complete Bouma Sequence



Tc - a d iv i s io n  of  r i p p l e  laminated sands which may al so  conta in convolute 

lanimae and cross-bedding;

Td - an upper d iv i s io n  of  p a r a l l e l  laminae of  f i n e r  grained  sands and

s i l t s :  and

Te - a d iv i s io n  o f  c lay  and/or  hemipelagic sediments.

Walker (1965 and 1970) suggested t h a t  the  Ta and Tfa d iv i s io n s  

belonged to  the  upper flow regimes whereas the  Tc, Td and Te d iv i s io n s  

were c h a r a c t e r i s t i c a l l y  lower flow regime s t r u c t u r e s .

The complete ideal  Bouma sequence i s  not  common and i t  i s  gene ra l ly  

modified by t r u n c a t io n ,  nondeposit ion or  a combination o f  both processes .  

Walker and Sutton (1967) described  some v a r i a t i o n s  in the  bed con f igu ra ­

t i o n s  and suggested t h a t  they may a lso  be depos it ed  by a cu r r e n t  so f a s t  

t h a t  no s t r u c t u r e s  are formed or by very weak c u r ren t s  which do not allow 

r i p p l e  development.

Sedimentary S t ru c tu r e s

Graded beds of  the  Bouma T_ type are commonly found in the  study
a

area .  They range in th ickness  from 2 cen t ime te rs  up to  4 meters .  The 

graded beds observed almost always have sharp or  scoured bases,  o f ten  with 

load c a s t s ,  f l u t e s  and grooves and s t r i a t i o n s .  The beds a lso  f requen t ly  

conta in  pebbles of  s i l t s t o n e  and mudstone - "r ipped-up c l a s t s . "  Graded 

beds of  the  south coas t  of  Tr in idad ,  except where amalgamated, pass 

upward in to  plane p a r a l l e l  laminations and sometimes very low angle c ross  

beds.
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Graded beds show a gradat ion in g r a in s i z e  from coarse to  f in e ,  upward 

from the  base to  the  top of  the u n i t ,  and are formed when the  local  energy 

o f  t h e  environment a t  f i r s t  increased  with the  in f lux  of  sand and then 

decreased as sand depos i t ion  waned and th e  composition of  the  s lu r ry  

changed becoming muddier. Kuenen and M iglior in i  (1950) express the  view 

t h a t  t u r b i d i t y  c u r r e n t s  are the  probable cause of  graded bedding.

Plane beds are common in the study area  and are of ten  found overlying 

graded beds. They were not observed to  be as soc ia ted  with any p a r t i c u l a r  

sediment g ra in  s i z e  or  bed th ickness .  In those  cases where they were not 

found over ly ing graded beds, they had sharp and o f ten  scoured bases.

Where observed,  amalgamated beds are composed of  s tacks  of  plane beds.

These plane beds resemble those of  Bouma Tfa subd iv is ion .

Plane beds or plane p a ra l l e l  laminat ion are f e a t u r e s  of  the  upper 

flow regime where bed mater ia l  concen t ra t ions  range from 2000-6000 ppm. 

Plane beds are s t a b l e  a t  high flow v e l o c i t i e s  and very o ften  are formed 

when mean flow v e lo c i ty  and bed shear s t r e s s  inc reases  thus washing out 

p revious ly  formed r i p p l e s ,  (Harms e t  al . . ,  1982).

Very low angle cross  beds (HCS) are  a ubiqui tous  sedimentary 

s t r u c t u re  in th e  study area .  These s t r u c t u r e s  were found mainly in the 

very f ine  sandstones  and s i l t s t o n e s ,  and are c lo se ly  assoc ia ted  with plane 

beds of  Bouma subdiv is ion  Tfa. The in t e rn a l  bedding or  laminae are very

gen t ly  dipping with erosional  tops .  Thicknesses o f  the  in te rna l  s e t s  

range from 9 t o  32 cen t im e te rs .  Some of  the  laminae th icken  l a t e r a l l y  and 

dip randomly. Erosional  su r faces  with in  the  beds a lso  slope  randomly, are
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of ten  undulatory,  and sometimes resemble r e a c t i v a t i o n  s u r f a c e s .  These 

beds are widespread and very c lo se ly  a s soc ia ted  with graded and plane beds 

(Figures 28 and 29).  The beds sometimes a l t e r n a t e  with  plane beds and 

of ten  o v e r l i e  the  graded bedding.  Plane beds are a l so  seen to  pass upward 

in to  these  bed forms.

Beds of  t h i s  d e s c r ip t i o n  appear in the  l i t e r a t u r e  and s ince  1975 they 

have been r e f e r r e d  to  as hummocky c r o s s - s t r a t i f i c a t i o n  (Harms, 1975). 

Campbell (1986) and Allen (1985) descr ibe  s im i l a r  bed forms and refer red  

to  them as t runca ted  wave r i p p l e  lamination while Hunter  (1977) ca l led  

them " t r a n s l a t e n t  s tratum".

Hydrodynamically "hummocky c r o s s - s t r a t i f i c a t i o n "  ( t runca ted  wave 

r i p p l e  laminat ion) i s  thought  to  be d ia gnos t ic  of  th e  former act ion of 

storm waves. Some authors  be l ieve  t h a t  hummocky c r o s s - s t r a t i f i c a t i o n  

o r ig i n a t e s  under the  in f luence  o f  highly concentra ted  suspensions 

generated during storms by (1) bypassing o f  the  l i t t o r a l  zone by 

r i v e r -d e r iv e d  f loods  and (2) offshore r e tu rn  of  storm surges ,  (Hamblin, 

Duke and Walker 1979, AAPG v. 63: 450-461 and Wright and Walker 1981). 

Other authors favor  an o r ig i n  under purely  o s c i l l a t o r y  flows generated 

under storm condi t ions  (Harms e t  a l . ,  1975 and Dott and Bourgeois,  1982),

Ripples o f  the  fol lowing types  were observed in t h e  study area: 

cl imbing r i p p l e s ,  undula tory cu r ren t  r i p p l e s  and a small number of 

s t r a i g h t  c res ted  cu r ren t  r i p p l e s .  Figures 30 and 31.
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Figure 28 - An i l l u s t r a t i o n  of  the very c lose  r e l a t io n s h ip  between 
plane p a ra l le l  lamination on very low angle cross beds. 
Plane p a r a l l e l  lamination appear to  pass v e r t i c a l l y  
without a break in to  very low angle cross beds.

Figure 29 - Very low angle cross beds exposed a t  Alcat ras  
Point .  These are cut  by a minor f a u l t  and 
l a t e r a l l y  grade in to  plane p a r a l l e l  lamination.
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Figure 30 -

Figure

Low amplitude cur ren t  r ip p le  f i e l d .  Some r ip p l e  c r e s t s  
are t runca ted  and the s im i l a r i t y  to  the  HCS s t ru c tu re  
i l l u s t r a t e d .

31 - Low amplitude r ip p l e s  and low angle cross  beds a t  
Point  Tablas.
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Climbing r ip p le s  (Figure 31) were the  most common r i p p l e  forms 

encountered .  The r ip p l e s  are asymmetrical in shape and were e a s i l y  

measured f o r  pa leocurrent  a n a ly s i s .  These were found in s e t s  which range 

from 4 to  15 cent imeters  t h i c k .  The cl imbing r i p p l e s  encountered are 

mainly of  the  in-phase type though a small number of  the i n - d r i f t  v a r i e ty  

are  p r e s e n t .  Some i n - d r i f t  cl imbing r i p p l e s  occur within  t h i n ,  muddy 

in t e rb e d s .  The in-phase cl imbing r i p p l e s  had r i p p l e  c r e s t s  which are 

superimposed one above the  o the r .

Undulatory r ip p l e s  (Figure 30) are common in the  study area and 

e a s i l y  l e n t  themselves to  pa leocu r ren t  measurements. Where in spec t ion  of  

a t h i r d  dimension was poss ib le  some well developed fes toon  cross-bedding 

was observed.  These s t r u c t u r e s  were found mainly in very f i n e  sand and 

s i l t  o f ten  a t  the  top of  t h i c k ly  bedded u n i t s  j u s t  before pass ing in to  

o the r  t h i c k l y  bedded u n i t s .

S t r a i g h t  c res ted  cu r ren t  r i p p l e s  were not  common. However, where 

observed,  they are present  in very f i n e  sandstone and s i l t s t o n e  beds.

These bedforms have s t r a i g h t  tco  s l i g h t l y  sinuous c r e s t s ,  and occur a t  the 

very top  of  such beds. Sometimes they were observed to  be c lo s e ly  r e l a t e d  

t o  p la n a r  cross-bedding.

Ripples are broadly of  two types  o f  r i p p l e  formations are known and 

both are  p resen t  within the  study a rea .  These are symmetrical and 

asymmetrical r i p p l e s .  Ripple marks are  sand waves of  the  sm a l le s t  sca le  

and were once thought to  have been formed from weaker c u r r e n t s  than those  

which form dunes and genera te  the l a r g e r  sca le  c ross-bedding.  Ripples 

form in a v a r i e ty  of  environments and are the  r e s u l t  o f  the  ac t ion  of
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moving wate r  over noncohesive m a te r i a l .  They are f ea tu res  of  tu rb u le n t  

flow and are  gene ra l ly  lower flow regime s t r u c t u r e s .  Ripples change t h e i r  

form and s i z e  depending upon the following f a c t o r s :  a v a i l a b i l i t y  of  

sediment,  flow v e lo c i ty ,  water  depth and g r a in s i z e .

Climbing r ip p l e s  are found where the r a t e  of  depos i t ion  o f  sediment 

by a c u r r e n t  i s  decreasing l e s s  r a p id l y ,  with time than the  r a t e  of  bed 

load t r a n s p o r t  (Allen,  1979). General ly sediment supply i s  high while the 

r a t e  of  reworking i s  low. Depending on the condi t ions  a t  the time of  

depos i t ion  the se  requirements may be f u l f i l l e d  during the depos i t ion  of 

Bouma Tc t u r b i d i t e s .

Undulatory cu r ren t  r i p p l e s  r ep re sen t  a t r a n s i t i o n  form between

low-energy s t r a i g h t  c r e s t e d  small r i p p l e s  and higher energy l inguoid

r i p p l e s  (Reineck and Singh, 1980). The c r e s t  of  these  r i p p l e s  are 

undula tory  or  wavy. Allen (1968) a l so  r e f e r s  to  these  r i p p l e s  as s inuous.

In c ross  sec t ion  the se  r i p p l e s  give r i s e  to  fes toon  shaped bedding.

Convolute s t r u c t u r e s  are very common with in  the  study area  and are

not  r e s t r i c t e d  to  any p a r t i c u l a r  horizon.  Though more common in t h i n l y  

and medium bedded they are  a lso  found along th e  upper p a r t s  of  t h i c k  sand 

and s i l t  u n i t s :  gene ra l ly  they d ie  out toward the  bottom of the  bed. The

convolu tions  gene ra l ly  show continuous lamina tions  from fo ld  to  fo ld ,  and 

some a re  cha ra c te r i zed  by small sca le  in t rabed  f a u l t s .  These s t r u c t u re s  

show marked crumpling or complicated fo ld ing o f  the laminae o f  a r a th e r  

well def ined  sedimenta t ion u n i t .  They are a s soc ia ted  with o l i s tos t rom es  

and "ba ll  and pi l low" s t r u c t u r e s  (Figure 32) .  Also observed w ith in  the
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study area  are ptygmatic fo ld s  which involve a l a r g e  number of  beds of ten 

con tor ted  and over fo lded.

Convolute laminat ion and convolute bedding,  a l so  r e f e r r e d  to  as 

i n t e r s t r a t a l  c o n to r t io n s  and c r ink led  bedding,  P e t t i jo h n  e t  a l . ,  1987, are 

the  r e s u l t  o f  s o f t  sediment deformation.  They a re  usua l ly  caused by lo ss  

of  cohesion,  by e l u t r i a t i o n  (pore water  p ressu re  changes) and movement in 

response to  g r a v i t y ,  (Allen,  1977 and De Boer, 1979),  and by downslope 

movement and c u r r e n t  drag (Reineck and Singh, 1980). On a l a rg e  sca le  

these  f e a t u r e s  a re  s im i l a r  to  ptygmatic fo ld in g .  The synclines  are broad 

and open whi le t h e  a n t i c l i n e s  are t i g h t  and peaked ( P e t t i j o h n ,  e t  a l . , 

1987). Overturned fo ld s  on a bed sca le  are a l so  inc luded in t h i s  groupof 

deformation s t r u c t u r e s .  Though not confined t o ,  they are  very typ ica l  of 

r a p id ly  depos i t ed ,  water  laden sediments.

In th e  study area  varying s i z e s  of  the  fo l lowing so le  marks are 

p resen t  - load c a s t s  ( .5 -3  me te rs ) ,  f l u t e s  ( . 1 - . 8 5  meters)  and grooves 

( .02 to  1.1 m e te r s ) .  These are common on th e  bases  of  sandstone and 

s i l t s t o n e  beds.  The load c a s t s  are knobby, i r r e g u l a r l y  shaped bulges.  

F lutes  and grooves gave an ind ica t i con  of pa leoflow and are subconical 

with rounded o r  bulbous upcurren t  noses and with  th e  o th e r  end f l a r i n g  out 

and merging with the  bedding plane.  Grooves ( a l s o  c a l l e d  drag marks, 

(P e t t i john  e t  al_., 1987), are o f ten  found a s s o c ia t e d  with prod marks; and 

skip and bounce marks. Terminations are seldom seen.
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Figure 32 - "Ball and Pillow" s t r u c t u r e  and contorted bedding a t  
Gran Calle Point .
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Sole marks are preserved  on the  lower s ide  o f  a sand l a y e r  overlying 

a mud l a y e r .  These s t r u c t u r e s  a re  the  r e s u l t  o f  d i f f e r e n t i a l  deposi t ion  

and loading  of  sand over a h yd rop las t ic  mud l a y e r  which causes v e r t i c a l  

and l a t e r a l  movement. These s t r u c t u r e s  are not  r e s t r i c t e d  to  any 

p a r t i c u l a r  environment though they  are very common in t u r b i d i t e  depos i t s ,  

(Reineck and Singh, 1980).

F lu te s  and grooves are  so le  marks found on the  bottoms o f  sandstone 

and s i l t s t o n e  beds and, are important  and useful  in determining paleo- 

cu r ren t s  and th e re fo re  dec ipher ing  paleogeography. The markings are the 

r e s u l t  o f  the  ac t ion o f  c u r r e n t s  on a mud su r face ,  unequal loading of  

hyd rop las t i c  mud, ( P e t t i jo h n  e t  a l . , 1987), and may a l so  be formed by the 

s cu lp t ing  ac t ion  of  o b je c t s  t r an s p o r te d  wi th in  the  c u r r e n t s  being used as 

instruments f o r  gouging the  underlying beds.

Facies D esc r ip t ions :  South Coast Trin idad

A " fac ie s "  i s  a body of  rock  with s p e c i f i e d  c h a r a c t e r i s t i c s .  In the 

case of  sedimentary rocks ,  i t  i s  defined  on th e  b a s i s  of  c o lo r ,  bedding, 

composition,  t e x tu r e ,  geometry, f o s s i l s  and sedimentary s t r u c t u r e s ,  

(Se l ley ,  1970). A f a c i e s  th e r e f o r e  records  informat ion about the 

environment in which i t  was depos i ted .  The r e l a t i o n s h i p  between 

individua l  f a c i e s  was summarized by Walther  in the  "Law of Facies" which 

s t a t e s  t h a t  "the various  d e p o s i t s  o f  th e  same fa c i e s  area, and s im i la r ly ,  

the  sum o f  the  rocks o f  d i f f e r e n t  fa c ie s  areas were formed b es ide  each 

o ther  in space, but in a c ru s ta l  p r o f i l e  we see  them ly in g  on top o f  each

o th e r  th a t  only those  f a c ie s  and fa c ie s  areas, can be superimposed

w ithout a break, th a t  can be observed b es id e  each o th e r  at the  present
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t im e" .  The observed f a c i e s  a s s o c ia t io n s  are t h e re fo re  the  key to  

environmental i n t e r p r e t a t i o n  and the ind iv idual  f a c i e s  are th e  bas ic  

bu i ld ing  blocks of such in fe rences .

The Moruga Group along the  south coas t  of  Tr in idad  i s  monotonously 

bedded and one i s  hard-pressed  to  observe very c l e a r  changes up s e c t io n .  

Three f a c i e s  were d i f f e r e n t i a t e d  on th e  b a s i s  of  mud co n ten t ,  average bed 

th icknesses  and primary sedimentary s t r u c t u r e s .  The changes are genera l ly  

s u b t l e ,  however, a major change in bedding s t y l e  occurs about a q u a r t e r  

mile before the  bend a t  Gran Cayo (Cal le )  Poin t .  Here th e  sand con ten t  of 

th e  sequence d ram at ica l ly  increased  and the  sandstone/mudstone r a t i o  

e s c a l a te d  to g r e a t e r  than 60/1.

Facies I (Figure 33, 34 and 35) - This Facies forms th e  base o f  the  

measured sec t ion  and i s  a p a r t  o f  the  se c t i o n  measured by F a r r e l l y  (1987) 

as Outcrop 7 a t  Galeota p o in t .  Facies I a l so  occurs a t  Poin t  Tablas ,  see 

th e  measured sec t ion  a t  1125-1130. As s t a t e d  e a r l i e r  s t r a t i g r a p h y  and the 

app l i c a t io n  of  s t r a t i g r a p h i c  names i s  not  a primary focus o f  t h i s  s tudy.

This fa c i e s  i s  composed o f  t h i n  to  medium bedded f i n e  gra ined  sand 

and s i l t  with apprec iab le  mudstone (c lays tone)  in te rb ed s .  

Sandstone/mudstone r a t i o  in the  s ec t io n  ranged from 5/1 t o  20/1.  The 

sands are graded,  have sharp ornamented bases ,  are l a t e r a l l y  continuous 

and of ten  include pebbles of  mudstone as "r ipped-up c l a s t s " .  F lu id i z a t io n  

( s o f t  sediment deformation) ,  convolute bedding (F igure 34) and laminae,  

ba l l  and pi l low s t r u c t u r e s  and load c a s t s  (Figure 35) are prominent 

sedimentary s t r u c t u re s  wi th in  t h i s  f a c i e s .  One very s t r i k i n g  ptygmatic 

fo ld  was observed.
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Figure 33 - Facies I developed a t  Galeota Point .  Well bedded 
sandstones with interbedded mudstones.

Figure 34 - Dis tor ted and convoluted bedding associa ted  with 
Facies I .
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Figure 36 - Load casting at Galeota Point.
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Some very low angle cross -beds  o r  t runca ted  cu r ren t  r i p p l e s  are 

p r e s en t .  Another very important  observa tion  i s  th e  f requen t  occurrence of 

graded beds and trunca ted  or  complete Bouma cy c le s .  These Bouma cycles  

o f ten  inc lude  th e  very low angle c ro ss -beds .  They are  very c lose ly  

r e l a t e d  to  the  plane p a r a l l e l  laminat ion which are c h a r a c t e r i s t i c  o f  the 

Bouma Tb subd iv is ion .  The two sedimentary s t r u c t u r e s  o f ten  grade

t r a n s i t i o n a l l y  from plane beds in to  low angle c ross  beds. This made i t  

d i f f i c u l t  t o  determine whether they rep laced  the  Bouma Tc d iv i s io n  o r

formed p a r t  of  the  Bouma Tb d iv i s i o n .

Fac ies  I I  (Figures 37, 38 and 39) - This f a c i e s  i s  s im i l a r  in general 

appearance to  Facies I except  t h a t  i t  has a lower mud conten t  and i s  

c l e a r l y  more t h i c k l y  bedded. Some very low amplitude channels are 

sometimes as soc ia ted  with th e se  more th i c k l y  bedded sandstones .  Channels 

are i n f i l l e d  by graded sandstones and s i l t s t o n e s  in terbedded with t h i n l y  

laminated mudstones.

This f a c i e s  genera l ly  has a very low mud con ten t ,  i s  medium to  

t h i c k l y  bedded, with a sandstone to  mudstone r a t i o  o f ten  g r e a t e r  than 

50/1.  The monotonously bedded sandstones are genera l ly  graded, have 

sharp,  o f ten  scoured bases and are l a t e r a l l y  very continuous .  They of ten 

contain  "r ipped up" c l a s t s  of  mudstone and s i l t s t o n e .  F lu id iza t io n  

s t r u c t u r e s  in d i c a t i v e  of  s o f t  sediment deformation are common and included 

convolute bedding and laminat ion ,  broken beds, ptygmatic fo ld ing and load 

ca s t in g .
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Figure 37 - Facies II beds up to 32 meters th ick  at Canari Point.
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Figure 38 - Facies I I .  Very t h i c k l y  bedded and amalgamated
sandstones.  Bold l i n e s  ind ica te  poss ib le  channel l ing 
and t r u n ca t io n s .
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Figure 40 - Very low angle cross beds developed within a very thick
bed belonging to Facies II .

Figure 41 - T r i p l e t s  of  t h in ly  bedded sands tone/si l ts tone /muds tone ,  
belonging to  Facies I I I .  In t h i s  i l l u s t r a t i o n  from 
Galeota Point ,  a t h i c k e r  sandstone bed i s  interbedded 
within a unit  of  Facies I I I .  This sandstoned bed shows 
well developed low angle cross  beds.
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Very low angle cross  beds (Figure 40) or  t runca ted  r i p p l e  laminat ion  

are common, and toge the r  with complete and trunca ted  Bouma sequences 

comprise t h e  most common sedimentary s t r u c t u r e s .  Figure 39 i s  a sketch 

i l l u s t r a t i n g  the  c h a r a c t e r i s t i c s  of  Facies I I .

Fac ies  I I I  (Figures 41, 42, 43 and 44) - c co n s i s t s  of  packets  of  

f i n e  gra ined  sands tone /s i l t s tone /m uds tone  t r i p l e t s .  These are 

c h a ra c te r i z e d  by t h i n  laminae,  r i p p l e s  and pe lag ic  mud r e p r e s e n t a t i v e  of  

Bouma subd iv is ions  Tcde. These packages are found interbedded with more

t h i c k l y  bedded sandstone,  and s i l t s t o n e s .  They may conta in  f i n e l y  

d ispersed  p la n t  debr is  which was t r a n s p o r te d  with the  f i n e  sediment,  maybe 

as suspension loads .

Figure 43 i l l u s t r a t e s  Facies I I I  passing upward in to  Facies I and, 

Figure 44 i s  a sketch i l l u s t r a t i n g  the  c h a r a c t e r i s t i c s  of  Facies I I I .

Pa leocurren ts

Two hundred and f o r ty  pa leocur ren t  measurements were taken .

These taken p r im ar i ly  from assymet rica l  r i p p l e s ,  ind ica te  t h a t  the  

cu r ren t s  respons ib le  fo r  depos i t ing  the  sediments genera l ly  flowed 

northward to  northeastward.  Measurements show a spread of  paleoflow 

d i r e c t i o n s  toward 300° (WNW) to  87° (ENE). Lamy (pers .  comm. 1990) 

be l ieves  t h a t  the  source of  t h i s  sediment s h i f t e d  eastward during the Late 

Pliocene and Early P le is tocene ,  and t h a t  most of  the P le i s tocene  sediment 

was sourced from the n o r th ea s t .
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Figure 42 - Facies I I I  passing upward in to  more th i c k ly  bedded 
sandstones.

Figure 43 - Facies I I I  preceding beds of  Facies I .
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Palvnoloqy and Micropaleontoloqy

Data on the  palynology and paleontology of  the  Moruga Group of  the 

south coas t  s t r a t i  g raph ic  sec t ion  and assoc ia ted  sequences in the  offshore  

area  are p resen ted .  Since th e r e  have been d isc repanc ies  in the  age 

assignment of  t h e s e  sediments,  th e se  da ta  a re  used to  (1) accura te ly  

ass ign  an age to  both the  outcrop and subsurface sequences and, (2) to  

i n d i c a t e  a range of  water  depths and environmental condi t ions  which were 

p resen t  during d e pos i t ion  o f  the se  sequences.

While most of  the  da ta  are new some was derived from documents 

re leased  fo r  t h i s  s tudy by o i l  companies and the  Minis try  of  Energy, 

Tr in idad .  A cons ide rab le  amount o f  the  da ta  used in the  development of  my 

ideas  i s  p ro p r ie ty  and cannot be presented  or  displayed in t h i s  

d i s s e r t a t i o n .

Palynology i s  used in t h i s  s tudy to  a s s i s t  in reso lv ing  some of the 

s t r a t i g r a p h i c  and paleogeographic problems encountered in Trinidad.

Observations based on the  co lo r  of  the palynomorphs encountered give 

impor tant  information on l e v e l s  o f  ca rboniza t ion  and thus  paleogeothermal 

condi t icons .  Some pre l iminary  r e s u l t s  are presented  on the  l e v e l s  of 

thermal a l t e r a t i o n  (ca rboniza t ion)  and petroleum p o te n t i a l .

Using t h i s  da ta  an age i s  assigned to  the south coas t  s t r a t i g r a p h i c  

s ec t ion  - exposed in outcrop and encountered in the West SEG-1 wel l .  The 

age des igna t ion  w i l l  be based mainly on palynologic s tu d ie s  conducted. 

Palynologic and pa laeon to log ic  da ta  wil l  be used to give an ind ica t ion  of
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th e  water  mass cond i t ions  a t  the  time of  dep o s i t io n .  Such information i s  

important  in  developing depos i t iona l  models.

Results

Palynologic  Summary

Samples were c o l l e c t e d  during f ieldwork and the  i d e n t i f i c a t i o n  of  the  

palynomorphs was done by Andrew Lamy (1989-1990). The d ia gnost ic  

assemblage fo r  the  Late Early Pliocene of  the  West SEG-1 well i s  shown in 

Figure 52 (P la te  V I I I ) ,  numbers 1-13. Figure 45 (P la t e  I ) ,  numbers 1-13 

d e p ic t s  th e  Late Early Pliocene assemblage recovered from outcrop samples. 

Other taxa  are  i l l u s t r a t e d  on the  at tached Figures 45, 47, 48 and 49 

(P la t e s  I I ,  I I I ,  IV, and V) fo r  completeness of  the  outcrop sec t ion .

These taxa  are not  known to  have r e s t r i c t e d  ranges in the  P l io -P le i s tocene  

of  Trin idad  and Eastern  Venezuela. Figure 50 (P la t e  VI) represen ts  

environmenta l ly s i g n i f i c a n t  taxa  and Figure 51 (P la te  VII) i l l u s t r a t e s  

reworked taxa  of  Early,  Middle and Late Cretaceous.  Figures 53 and 54 and 

50 (P la te s  IX and X and P la te  VI),  number 5 i l l u s t r a t e  common 

a i n o f l a g e l l a t e  cy s t  taxa  encountered in the  P I io -P le i s tocene  of  the West 

SEG-1 wel l .

A t a b l e  p resen t ing  da ta  on age determinations  and palynomorph 

assemblages in outcrop and cu t t in g s  i s  presen ted  as an appendix.
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Figure 45 - Magnification xlOOO, except Num. 1 and Num. 3
x630

1. M a o n a s t r i a t i t e s  grandiosus  (Kedves and Sole De 
Por ta ,  1963) Duenas, 1980. 76 micron.

2. Clavamonocolpites sp.  48 micron.

3.  Po lvadopol len i te s  mariae Duenas, 1980. 60 
micron.

4. S t r i a s v n c o lp i t e s  sp.  24 micron.

5. Compositae sp.  28 micron.

6.  F e n e s t r i t e s  soinosus Van der  Hammen, 1956. 36 
micron.

7. S t r i a s v n c o lp i t e s  zwaardi Germeraad, Hopping and 
Muller ,  1968. 20 micron.

8. M u l t i a r e o l i t e s  formosus (Van der  Hammen, 1956B) 
Germeraad, Hopping and Muller ,  1968. 16 micron.

9. E c h i t r i c o l o o r i t e s  mcne il lv i  Germeraad, Hopping 
and Muller,  1968. 16 micron.

10. F e n e s t r i t e s  sp.  16 micron.

11. Compositae, Ambrosia type ,  16 micron.

12. Chenopodipoll is  mul t ip lex  (Weyland and Pflug) 
Krutzscn,  1966. 20 micron.

13. Compositae, Ambrosia type ,  12 micron.
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Figure 46 - Magnification xlOOO, except Num. 1 and Num. 3
x360.

1. Convolvulaceae sp .  96 micron.

2. E c h ip e r ip o r i t e s  e s t e l a e  (reworked) Germeraad, 
Hopping and Muller ,  1968. 72 micron.

3.  Hibiscus sp.  72 micron.

4.  S tephanoco lp i tes  evans i i  Muller ,  de Di Giacomo 
and Van Erve, 1987. 36 micron.

5. M a u r i t i i d i t e s  sp.  32 micron.

6.  S p in izonoco lo i te s  bacu la tus  (reworked) 
Germeraad, Hopping and Muller ,  1968.
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LAMY PLATE II
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Figure 47 - Magnification xlOOO, except Num. 1 x630.

1. Gernmastephanoco]pites sp .  108 micron.

2. Echimonocolpites sp. 60 micron.

3.  P s i l a p e r i o o r i t e s  robus tus  Regali e t  a l . ,  1974. 
68 micron.

4. E c h i in a p e r tu r i t e s  sp.  64 micron.
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LAMY PLATE III
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Figure 48 - Magnification xlOO

1. Monoporites annula tus  (Van der Hammen, 1954) 
Germeraad, Hopping and Muller , 1968. 32 micron.

2. E c h i n o t r i c o l p i t e s  sp.  (reworked),  48 micron.

3. E c h i t r i p o r i t e s  sp.  44 micron.

4. Phelodinium sp. 52 micron.

5. M a u r i t i i d i t e s  f r a n c i s c o i  (Van der  Hammen, 1956) 
Van Hoeken-Klinkenberg,  1964. 42 micron.

6. R e t i t r i p o r i t e s  sp.  44 micron.
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Figure 49 - Magnification xlOOO, except Num. 1 x630.

1. R e t i s tephanoco lp i tes  sp.  65 micron.

2. R e t i t r i c o l p o r i t e s  sp.  40 micron.

3. Bombacacidites sp.  44 micron.

4. E c h i t r i c o l p o r i t e s  m a r i s t e l l a e  Muller ,  Di Giacomo 
and Van Erve 1987, 44 micron.

5. P ro x ap e r t i t e s  cursus (reworked) (Van Hoeken- 
Klinkenberg,  1966) Germeraad, Hopping and 
Muller,  1968. 44 micron.

6. M ult imara in i tes  vanderhammeni (reworked) 
Germeraad, Hopping and Muller ,  1968. 44 micron.
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Figure 50 Magnificat ion xlOOO, except  Num. 2, 5 & 7 x630 
and Num. 8 & 9 x400

1. Azol1 a sp.  52 micron.

2. Botrvococcus sp.  50 micron.

3. Helicomvces roseus ( l i n k  ex F r . )  E lsik  1981. 44 
mi cron .

4.  Microforam 42 micron.

5. Cannosphaeropsis sp. 64 micron.

6. A cr i ta rch  sp.  (reworked), 32 micron.

7. Pediastrum sp.  52 micron.

8.  P e r i t h e c i t e s  sp.  ( I n f l a t e d  f r u i t i n g  body) 104 
micron.

9. Scolecondont 105 micron.
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Figure 51 - Magnification xlOOO, except Num. 3 x630.

1. F o v e o t r i l e t e s  marqar i tae  (reworked) (Van der 
Hammen, 1954) Germeraad, Hopping and Muller 
1968. 40 micron.

2. B u t t in ia  andreevi (reworked) (Boltenhagen, 1967) 
Germeraad, Hopping and Muller  1968. 40 micron.

3. Galeacornea sp .  (reworked) Stover,  1963, 76 
micron.

4. C i c a t r i c o s i s p o r i tS s  doroqensis  (reworked) 
(Potonie e t  G e l l e t i c h ,  1933) Germeraad, Hopping 
and Muller 1968. 40 micron.

5. V errucos i spo r i te s  gabouensis  (reworked) Couper, 
1964. 44 micron.

6. S p i n i f e r i t e s  sp.  (reworked), 56 micron.
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Figure 52 Magnification xlOOO, except Num. 8 x400.

1. Clavamonocolpites sp. 52 micron.

2. Compositae, Ambrosia type ,  16 micron.

3. F e n e s t r i t e s  sp.  16 micron.

4. Polyadopol len i te s  mariae Duenas, 1980. 48 
micron.

5. Chenopodipollis  mul t ip lex  (Weyland and Pflug) 
Krutzsch,  1966. 24 micron.

6. Compositae sp. 28 micron.

7. P s i l a t r i c o l o o r i t e s  c a r ib b ie n s i s  mul le r ,  de Di 
Giacomo and Van Erve, 1987. 44 micron.

8. M aq n as t r ia t i t e s  qrandiosus (Kedves Et Sole de 
Por ta ,  1963) Duenas, 1980. 92 micron.

9. F e n e s t r i t e s  spinosus Van der Hammen, 1956. 36 
mi c ron .

10. S t r i a s y n c o lp i t e s  sp. 24 micron.

11. S t r i a s y n c o lp i t e s  zwaardi Germeraad, Hopping and 
Muller,  1968. 16 micron.

12. M u l t i a r e o l i t e s  formosus (Van der  Hammen, 1965B) 
Germeraad, Hopping and Muller,  1968. 26 micron.

13. E c h i t r i c o l p o r i t e s  mcneil lyi  Germeraad, Hopping 
Muller , 1968. 26 micron.

14. E c h i t r i c o l p o r t i e s  mcneil lyi  Germeraad, Hopping 
and Muller,  1968. 24 micron.
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Figure 53 - Magnification xlOO

1. Lingulodinium machaerophorum (Deflandre and 
Cookson) Wall 1967, 64 micron.

2. Nematosphaeropsis c f .  N. r i q i d a  56 micron.

3.  Capidocvsta sp .  60 micron.

4.  Polysphaeridium zoharvi  (Rossignol) Bujak e t  a l ,  
1980, 68 micron.
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Figure 54 - Magnificat ion xlOOO, except  Num. 4 x630, Num. 5 
x400 and Num. 6 x250.

1. S p i n i f e r i t e s  sp. A. 44 micron.

2. S p i n i f e r i t e s  sp. B. 56 micron.

3.  Hystr ichololpoma sp .  88 micron.

4. S p i n i f e r i t e s  sp. C. 44 micron.

5. Tuberculodinium vancampoae (Rossignol)  Wall 
1967. 88 micron.

6. Rhizophagites sp. Wrenn and Kokinos 1986. 160
micron.
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Paleon to loq ic  Summary

Below i s  a l i s t  o f  key fo ram in i fe ra  encountered w ith in  the  West SEG-1 

well ( t h i s  da ta  was provided by Amoco Production Company and Amoco 

Tr in idad  Oil Company).

Deoth in  Well Foram

2450-2480 Buiiminella

3740-3770 Miliammina

4640-4670 Buiiminella

5300-5330 Lenticu lina

5570-5600 Anrohisteqina

7490-7520 Saccamina sd

8810-8840 HaloDhaqmoides

9440-9470 Hapostiche

10040-10070 Haplost iche

11000-11030 H ados t iche

11330-11360 Belivina

11930-11960 Textu la r ia

11930-11960 Eqqerel la

13820-13850 ReticuloDhraqmium

14840-14870 A1veovalvul ina

The fol lowing i s  a l i s t  of  fo raminifera  encountered in the  GBM-1 well 

( the  foraminifera!  i d e n t i f i c a t i o n  was done by Texaco Trinidad Inc.  and the 

da ta  was supplied by the Minis try of  Energy, Trinidad and Tobago).
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Depth in  Hell Foram

630 Reworked fragments, Amphisteqina s p .

840 Reworked ree fa l  types,  Amphisteqina

1320 Amphisteqina s p . ,  Rota l ia  choctawensis

1470 Uvigerina,  Buliminel la  1/2

1560 Globorota l ia  l imbata ,  Uvigerina

1590 G loboro ta l ia  d u t e r t r e i

1800 Globigerinoides conalobatus

2430 Reworked fauna with Amphisteqina s£.

2760 Bolivina s p . ,  Hormosina sp.

2910 Boliv ina s p . ,  Amphisteqina sp.

3450 Haplos t iche . , Bolivina sp.

3510 T e x t u l a r i a , Vaivul ina, Buliminela 1/2

3720 Sphaero id ine l la  s£.

4170 Haplophraqmoides, Bolivina

7290 Haplos t i che , Cvclammina

7380 B o l iv ina , T e x t u l a r i a , Buliminella  1/2

9120 " " "

9270 "

9420

9540

9630 T e x t u l a r i a , Amphisteqina, Buliminella  1/2

9840 Bol iv ina , Amhisteqina, Bulimine lla  1/2

9960 T e x t u l a r i a , Buliminella  1/2

10004 T e x t u l a r i a , Buliminella  1/2
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Water Mass Conditions: Palvr.oloqic and Palaentologic Evidence

Evidence from palynology and paleontology i s  based on the presence of  

var ious  assemblages i n d i c a t i v e  o f  var ious  water  depths and associated 

cond i t ions .

Pa lyno log ica l ly  d in o f l a g e l l a t e  cys t s  and few t o  common microforams 

i n d ic a te  a marginal to  open marine environment o f  depos i t ion .  Their 

a s so c ia t io n  with a t e r r e s t r i a l l y  derived  p te ridophy te  spore,  angiosperm 

po l l en ,  fungal spores ,  wood fragments,  p l a n t  t i s s u e ,  f re sh  water algae and 

Botrvococcus sp.  suggest  a cont inenta l  assemblage depos ited  in marginal to  

open marine envirorments (Lamy, 1986).

Three d i s t i n c t  benthonic fo raminifera!  assemblages provided some 

paleon to log ica l  es t imates  of  the  water  mass cond i t ions  a t  the time of  

depos i t ion  o f  the  Late Early Pliocene s e c t io n .  The assemblages ind ica te  

an oute r  n e r i t i c  to  upper bathyal environment. A Uviqeria assemblage 

a s soc ia ted  with the  oxygen minimum la y e r  in th e  Gulf of  Mexicco may 

in d ic a te  s im i l a r  condi t ions  during T e r t i a ry  southern  Trinidad;  or 

a l t e r n a t i v e l y  may in d i c a te  a marine environment in c lose  proximity to  one 

of  reduced oxygen con ten t .  A Cvclammina a s s o c ia t io n  i s  suggestive of  an 

area or  period of  reduced sedimentat ion l o c a l l y  or  geographical ly nearby 

(Engelhardt-Moore pers .  comm., 1991 and Murray, 1973).

Deposit ional  Ervironments

Sedimentary s t r u c t u r e s  suggest t h a t  the Late Early Pliocene sediments 

of  the  Moruga Group, south Trin idad onshore and in the subsurface was
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depos it ed  r a p id ly  and by fas t-moving,  g r a v i ty  c u r r e n t s .  The s t r u c t u r e s  

encountered are in d i c a t i v e  of  t u r b i d i t y  c u r r e n t s  and g rav i ty  processes .

F lu id i z a t io n  s t r u c t u r e s  are i n d i c a t i v e  of  widespread sediment cover­

load and i n s t a b i l i t y .  These s t r u c t u r e s  i n d i c a t e  t h a t  th e  r ap id ly  

depos i ted ,  high water  content  sediments were uns tab le  and cont inuously  

moved downslope in response to  g r a v i ty .

Palynologic and pa laeon to log ic  s tu d ie s  sugges t  t h a t  the  processes 

which depos it ed  the se  sequences operated in wate r  depths of  up to  200 

meters .  The water  depths in f e r r e d  from the  palynologic  and pa laeon to log ic  

da ta  have been the  sub jec t  of  much debate (p e r s .  comm., Quan, 1989, and 

van Niewnenhuse, 1990). In the  absence of  add i t iona l  and c o n f l i c t i n g  da ta  

the  paleodepth o f  200 meters wil l  be used here .

The presence o f  p la n t  deb r is  and a t e r r e s t r i a l l y  derived f l o r a  

suggest  t h a t  a s i g n i f i c a n t  amount of  sediment was derived  from a 

con t inen ta l  a rea  and brought to  the  marine environment before 

resed im enta t ion .  The modes o f  t r a n s p o r t  of  th e  con t inen ta l  deb r i s  are 

f l u v i a l  and d e l t a i c  agents .  The ensuing d e l t a  could poss ib ly  t r a n s p o r t  

l a rge  volumes of  sediment over g r e a t  d i s ta nces  onto the s h e l f  during 

p rogradat ion ,  thus providing a ready source o f  sediment to  be remobil ized 

by s h e l f  c u r r e n t s .  S ig n i f i c a n t  r e l i e f  may a l so  be produced as a 

consequence of  d e l t a i c  progradation onto the  s h e l f .  P r io r  e t  al_., 1982, 

have discussed  the  emplacement of  l a rg e  masses of  sediment in th e  Kitimat 

Fjord area on a r e l a t i v e l y  small s lope of  0.5  degrees.  They have in fe r r e d  

g r a v i ty  skidding of  the semi-consolidated sediments as the t r a n s p o r t  

mechanism.
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There i s  no evidence along the  south coas t  t h a t  a d e l t a  was 

r e s p o n s ib le  fo r  a c t u a l l y  depos i t ing  the  sequence as preserved.  In normal 

d e l t a i c  depos i t ion  i t  i s  expected t h a t  the  following f a c i e s  and f ea tu re s  

w il l  be represen ted  along with some evidence of  d e l t a  p la in ,  d e l t a  f ro n t  

and p ro d e l t a  complexes: channel f i l l ,  subaeria l  levee ,  swamp/marsh, 

c revasse  sp lays ,  d i s t r i b u t a r y  mouth bars ,  l i g n i t i c  horizons and abundant 

p lan t  m a te r i a l .

A model must t h e re fo re  be in f e r r e d ,  which i s  capable of  r ap id ly  

d epos i t ing  a l a rg e  volume ( th ickness )  of  sediment in a r e l a t i v e l y  shor t  

period of  t ime,  in water  condi t ions  previous ly  described .

The "HCS Problem”

Hummocky c ross  s t r a t i f i c a t i o n  or  t runca ted  wave r ip p l e  laminat ion has 

a t t r a c t e d  the  a t t e n t i o n  o f  many sed im ento log is ts ,  and have come to  be 

known as being a t t r i b u t a b l e  to  storms,  (Dott and Bourgeois, 1982). This 

obviously v i o l a t e s  a l l  hydrodynamic th e o r i e s  of  sediment t r a n s p o r t  and 

d e p o s i t io n .  I f  p a r t i c u l a r  hydrodynamic condit ions  are favorable  then i t  

should be expected t h a t  any s t r u c t u r e  wil l  be formed which i s  s t a b l e  under 

such co n d i t io n s .  I t  i s  l im i t in g  to  propose t h a t  s p e c i f i c  s t r u c t u r e s  are 

formed only by some eros iona l  and deposit iona l  agents ,  r a th e r  than by a 

given s e t  of  hydrodynamic cond i t ions .  Truncated wave r ip p l e  laminat ions 

(HCS) have come to  be assoc ia ted  with a t rend of  thought which obscures 

theory  and int roduces  unwarranted dogma in to  the science while not 

cons idering  the  "P r inc ip le  of  Mult ip le Working Hypotheses", (Chamberlain, 

1890).
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In looking a t  t h e  problem these  observations  p e r t a in in g  to  trunca ted  

wave r i p p l e  l am ina t ions ,  w i th in  the  study area should be noted:

- There i s  a c lo se  a s s o c i a t i o n / r e l a t i o n  to  plane beds. Plane beds are 

o f ten  found passing upward in to  trunca ted  wave r i p p l e  laminat ion  ("HCS").

- Plane beds are o f ten  found replaced by trunca ted  wave r i p p l e  lamination 

("HCS") in co th e rv i s e  typ ica l  Bouma sequences.

- t runca ted  wave r i p p l e  laminat ion  ("HCS") was found g en e ra l ly  in s i l t s  

and very f i n e  sands.

Recent s tu d ie s  have ind ica ted  the following:

- Wright and Walker (1981) combined evidence from t r a c e  f o s s i l s  to  i n f e r  

t h a t  t h i s  s t r u c t u r e  was the  r e s u l t  of  emplacement of  sandstone beds by 

storm genera ted  d e n s i ty  cu r ren t s  with the same storm l a t e r  imprint ing the 

HCS on the  d ep o s i t .

- Swift e t  a]_. (1983) be l ieved  i t  was l i k e l y  t h a t  pure ly o s c i l l a t o r y  flows 

are not respons ib le  f o r  HCS. They conclude t h a t  combined flow cur ren t s  in 

a reas  where the se  cu r ren t s  were experiencing a downstream v e lo c i ty  

decrease and sediment depos i t ion  throughout much of  the  storms depos it ion .  

Though they i n d i c a t e  storm assoc ia t ion  they have s t rong ly  in fe r re d  

in t e n s e ,  t u r b u l e n t ,  s and-r ich  flows and high suspended loads .  The 

morphology and in f e r r e d  flow c h a r a c t e r i s t i c s  provide evidence t h a t  t h i s  

bedform was a t r a n s i t i o n - l i k e  bed regime.
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- I f  HCS i s  formed under the  in f luence  of  o s c i l l a t o r y  flows then the 

dimensions o f  the  hummocks should bear some r e l a t i o n  to  flow condit ions  

and o s c i l l a t o r y  flow theory  should be able  tco  provide ex is tence  f i e l d s  

f o r  t h e se  bedforms, (Allen ,  1985). Allen has no t  found t h i s  to  be the  

case and has concluded t h a t  th e se  s t r u c t u r e s  are not  only produced under 

such co n d i t io n s ,  bu t ,  however t h a t  g r a v i ty  waves may play an important 

p a r t  in the  formation of  HCS by (a) enhancing th e  bed shear s t r e s s  

r e l a t i v e  to  t h a t  of  a un id i r e c t io n a l  cu r r e n t  and (b) by in t roducing a 

s t rong ly  th r e e -  dimensional s t r u c t u r e  to  near-bed water  motion and 

preven ting  s u b s t a n t i a l  bedform migra t ion .  These cond i t ions  are not unique 

to  storm waves and surges .

- HCS may form from o r b i t a l  r i p p l e s  with in  the  wave formed f l a t  bed f i e l d ,  

Duke and Leckie, 1986).

- N o t tv e t t  and Kreisa (1987) suggested t h a t  th e r e  i s  now some evidence fo r  

combined flows and t h a t  HCS may be a po lygenetic  phencomena. The evidence 

came from the  presence o f  some weakly or  s t r o n g ly  p re fe r red  dip d i r e c t io n  

amongst some laminae.

- Harms e t  al_. (1990) suggested t h a t  HCS may o f ten  s t a r t  with a plane bed; 

t h e re  i s  s trong evidence t h a t  flows were o s c i l l a t o r y ;  confined to a 

p a r t i c u l a r  g ra in  s i z e ;  th e re  i s  some v a l i d i t y  in r e f e r r i n g  to  HCS as 

trunca ted  wave r i p p l e  laminat ion and t h a t  three-d imensional  wave r ip p le s  

may grow from plane beds.
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- Southard e t  a].. ( 1991) a l so  suggest  t h a t  t h i s  i s  a polygenet ic

phenomena and t h a t  the  s t r u c t u r e  may be produced by more than one s e t  of

cond i t ions .

Given th e  above d iscuss ion  i t  appears t h a t  HCS should not be

cons idered t o  be d ia g n o s t ic ;  only o f  storm d e p o s i t s  and t h a t  a l t e r n a t i v e

i n t e r p r e t a t i o n s  are p o s s ib le .  A m odi f ica t ion  of  the  ideal  Bouma sequence 

i s  being proposed here (Figure 55).  This modif ica t icon  i s  based on the 

preceding d iscuss ion  and the  evidence assembled from f i e l d  s tu d ie s .

Deposit ional  Model

The sedimentary s t r u c t u r e s  and sequences o f  the  Moruga Group, 

encountered along the  south coas t  o f  Trin idad  r ep re sen t  t u r b i d i t e s  

depcosi t ed  by g r a v i ty  cu r ren t s  on the  f r o n t  of  the  Orinoco Delta which 

prograded northward away from the  South Anerican mainland during the  

T e r t i a r y .  These medium to  t h i c k l y  bedded sands and s i l t s  were the  r e s u l t  

of  t u r b i d  and in tense  cu r ren t  a c t i v i t y  as in f e r r e d  from the freguency of  

scouring and eros ional  bases,  r ipped-up c l a s t s  o f  s i l t s  and muds, Bouma 

sequences (complete and t r u n c a te d ) ,  amalgamated beds, plane beds and 

trunca ted  wave r i p p l e  laminat ion and low mud con ten t .

The necessary topographic r e l i e f  was c rea ted  by the progradation  of  

the  T e r t i a r y  Orinoco d e l t a  complex onto the  s h e l f .  This d e l t a  was also  

respons ib le  f o r  t r an s p o r t in g  the  sediment which was l a t e r  resedimented as 

sediment i n s t a b i l i t y  and " p i l e  up" to g e th e r  with high water  content  gave 

r i s e  to  cond i t ions  conducive to  slumping and t u r b i d i t e  flow i n i t i a t i o n .
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The modified sequence is based on the following conditions:
-High and rapid rate of sedimentation 
-Sand-rich (fine sand/salt) system 
-Highly viscous slurries

Under these  conditions HCS may form by remobilization of silts and fine 
sand  in the upper parts of the plane bed field by turbulent and 
oscillatory flows as  the velocity of the turbidity current decreases

Figure 55. P roposed Modification to the 
ideal Bouma Sequence

i

!

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



In t h e se  s h e l f  s e t t i n g s  storms cannot be t o t a l l y  overlooked as they may 

c o n t r i b u t e  to  the c r e a t io n  o f  tu rbu lence  and dense suspensions.  These 

processes  become even more important  on t r o p i c a l  shelves s im i l a r  to  the  

south c o a s t  o f  Tr in idad .  A storm a s so c ia t io n  th e re fo re  cannot  be ignored.  

However, whether storms were a c t u a l l y  involved and the  exac t  ex ten t  of  

t h e i r  r o l e  i s  not known. I t  was not thought important to  i n f e r  storm 

i n t e r f e r e n c e  as an explanat ion  f o r  the sequence as found. I t  i s  also  

impor tant  to  note t h a t  though HCS i s  common, sequences which are 

d i a g n o s t i c  of  t u r b i d i t y  c u r r e n t s  v iz .  Bouma sequences are more f requen t  

r e l a t i v e  t o  HCS. Evidence s t ro n g ly  suggest  t h a t  HCS i s  probably a 

t r a n s i t i o n - l i k e  bedform which i s  the  combined r e s u l t  of  h ighly  t u r b u l e n t ,  

s and - r ich  suspended f lows.  To what ex ten t  t h i s  s t r u c t u r e  can be formed in 

a s s o c i a t i o n  with t u r b i d i t e  c u r r e n t s  p resen ts  an idea fo r  fu tu r e  re sea rch .

That the  sequence thickened  and coarsened upward i s  i n d i c a t i v e  o f  the 

r e l a t i v e  basinward migrat ion o f  the  d e l t a  system. Over th e  length  of  the 

s e c t i o n  mud content decreased upward probably suggesting winnowing o f  the 

f i n e s t  mater ia l  during t r a n s p o r t  and depos it ion  or the  lack  of  mud in the 

d e l t a  p l a in  sand bodies which were remobil ized and resedimented.

T u rb id i t e s  are important  processes on the  shelves however, they are 

not  the  only producers of  graded beds in these  environments. Tillman 

(1985) suggested t h a t  when complete or  near ly  complete Bouma sequence are 

a s s o c ia t e d  with the se  graded beds then t u r b i d i t e s  may be the  cause.

T u rb id i te s  are normally considered to  form fans in deep water,  

however, more recen t  s tud ie s  have ind ica ted  the p o s s i b i l i t y  of  t u r b i d i t e  

sands in s h e l f  a reas ,  (Til lman, 1985). The c l a s s i c a l  p i c tu r e  of  t u r b i d i t e
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depos it icon  includes a p o in t  source where the  c u r ren t  of ten  o r i g i n a t e s ,  

e g . ,  canyons. These f e a t u r e s  have not been recognized along th e  south 

coas t  o f  Tr in idad .  More r e c e n t l y  th e re  has been evidence t h a t  the se  are 

not necessary and t h a t  t u r b i d i t e s  may move downslope (a) along a l i n e  

source in a s e r i e s  or  network o f  channels  along a topographic edge,  Chan 

and Dott  (1983) o r ,  (b) in a d e l t a - f e d  submarine ramp system (H e l le r  and 

Dickinson,  1985) c lo s e ly  a sscoc ia ted  with a sandy d e l t a  prograded onto a 

s h e l f .  Such s tu d ie s  a l so  suppor t  th e  idea  t h a t  many s h e l f  t u r b i d i t e s  are 

probably s h e e t - l i k e  in morphology. The above models rece ive  support  from 

Walker (1985) who s t a t e s  t h a t  s h e l f  t u r b i d i t e  bodies are not nec e s s a r i ly  

cha ra c te r i zed  by submarine canyons and well defined channels as the 

sediment i s  moved from va r ious  p a r t s  of  the  s h e l f  in response to  the  

development of  maximum tu rb u len ce .  The t u r b i d i t e  bodies th e r e f o r e  develop 

as shee ts  which o v e r l i e  each o th e r  r a t h e r  than being c o n s i s t e n t l y  

funnell ed  in to  s p e c i f i c  lobe s ,  (Walker's  shee ts  of  newspaper on the  f lo o r  

model) .

Because i t  has been e s t a b l i s h e d  t h a t  the  Orinoco d e l t a  prograged 

northward during the  T e r t i a r y ,  the  d e l t a - f e d  submarine ramp model of 

H e l l e r  and Dickinson (1985) i s  p re fe r r e d .

I t  has been e s t a b l i s h e d  t h a t  the  sequence was depos it ed  in marginal 

to  open marine cond i t ions  in water  depths of  up to  and probably exceeding 

200 meters .  To accomodate the  t h i c k  sequence encountered some subsidence 

of  the  basin must have occurred .  This subsidence could have been 

(a) sediment load r e l a t e d ,  or  (b) t e c t o n i c a l l y / s t r u c t u r a l l y  r e l a t e d  to 

major and/or minor f a u l t  systems which were co inc iden t  with S c u l m 9 n  t a t i o n .  

Both these mechanisms could have con t r ibu ted  to  the  t h i c k  sequence
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encountered in th e  study area .  Sediment load r e l a t e d  normal f a u l t s  have 

been d iscussed  and though not  having the  c h a r a c t e r i s t i c s  o f  typ ica l  growth 

f a u l t s  they probably played an important  r o l e  in accommodating the  la rge  

volume/ th ickness  of sediment involved.  The enclosed map i l l u s t r a t e s  the 

exact  p o s i t i o n s  of  the NW to  SE normal f a u l t s  probably had a ro l e  in the 

accommodation of  the th i c k  sequence encountered.

The sedimentary f a c i e s  r e l a t i o n s h ip s  and bedding s t y l e  suggest some 

s i m i l a r i t y  to  the  model of  prograding lowstand systems t r a c t s  (LST) (Vail ,  

1987). Low stand systems t r a c t s  are the  response to  high volumes of  

r ap id ly  accumulated sediments,  in t e c t o n i c a l l y  a c t i v e  s e t t i n g s .  The sands 

t h e re fo re  aggrade and prograde leading to  t h i c k ly  bedded sands in th i c k  

sequences,  and may be asscoc ia ted  with d e l t a - f r o n t  slumping and debr is  

f lows.  See Figure 10.

Within the  context of  the  foregoing d is cuss ion  o f  hydrodynamics and 

water mass cond i t ions ,  the  th re e  fac ie s  descr ibed above were in t e rp re te d  

as p a r t s  of  a sh e l f / s l o p e  fan sequence:

Facies I - Which is composed of  th in  to  medium bedded f i n e  grained sand 

and a sandstone/mudstone r a t i o  ranging from 5/1 t o  20/1 i s  here 

i n t e r p r e t e d  as d i s t a l  middle to  lower (medial to  d i s t a l )  fan depos i t s .

The beds in t h i s  part  o f  the  fan system are l a t e r a l l y  continuous and show 

mainly t runca ted  Bouma sequences though scome complete sequences are 

p resen t .  Rela t ive  to  the  proximal fan environment th e re  i s  al so  a higher 

mud con ten t .  These f a c i e s  bear  a resemblance to  s im i l a r  f a c i e s  descr ibed 

by Walker and Mutti (1973), Walker (1978, 1984) and Ricci Lucci (1981).
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In th e  submarine fan model proposed by Normark (1970) these  depos i t s  may 

be c l a s s i f i e d  as ou te rfan  d e p o s i t s .

F lu id i z a t i o n  i s  a l so  ev iden t  amongst t h i s  f a c i e s  and t h i s  can be 

a t t r i b u t e d  t o  spontaneous sediment f a i l u r e ,  (Heezen, 1956). F lu id iza t ion  

may a l so  be enhanced by the  higher mud con ten t  of  the se  sediments.

Fac ies  I I  - Is  i n t e r p r e t e d  as proximal midfan lobe f a c i e s ,  marked by 

in t e n s e  scouring  and the  depos i t ion  of  t h i c k e r  beds. The c h a r a c t e r i s t i c s  

noted suggest  t h a t  th e se  f a c i e s ;  may be the  r e s u l t  o f  c h a n n e l - f i l l i n g  (?) 

on th e  midfan.  Though deeply inc i sed  channels  have not been observed in 

t h i s  f a c i e s ,  th e  sharp ,  e ros ional  bases may in d i c a te  depos i t ion  in the 

shallow te rm in i  of  midfan channels ,  (Ricci Lucci, 1981). Beds are graded, 

show complete and t runca ted  Bouma sequences,  have a predominance cof 

amalgamated beds and conta in  very l i t t l e  mud. The sandstone/mudstone 

r a t i o  i s  g r e a t e r  than 50/1.

The t h i c k  sequences which are comprised of the se  f a c i e s  may suggest 

repea ted  d ep o s i t io n  within the  same channel or maybe in d i c a t i v e  of 

bra id ing  and r e g u la r  channel and/or  lobe switching ( s im i la r  to  l a t e r a l  

migrat ion  of  lo b e s ) .  S imi la r  midfan sequences have been observed 

elsewhere,  Nelson and Kulm (1973) and Nelson and Nil sen (1974). Some of 

the  c h a r a c t e r i s t i c s  of  these  f a c i e s  (v iz .  s h e e t - l i k e  geometry, l a t e r a l l y  

continuous bedding,  very l i t t l e  mudstone p a r t i n g s ,  very t h i c k  sandstone 

beds, well developed Bouma sequences) suggest  t h a t  they are s im i la r  to  the 

depos i t iona l  lobes of  Shanmugam and Moiola (1991), who suggest t h a t  they 

form a t  th e  mouths o f  submarine fan channels .  Though a c l a s s i c  well 

developed fan system i s  not being proposed as a model in t h i s  s tudy,  i t  is
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s t i l l  conceivable t h a t  some deep scouring and poss ib ly  channell ing  took 

pla ce  as a r e s u l t  o f  the  movement o f  l a rg e  volumes of  viscous sediment 

s l u r r i e s .

Walker (1985) s t a t e s  t h a t  in shallow m a r ine / she l f  t u r b i d i t e  systems 

channe l;  and d i s t i n c t  switching lobes  are r a r e .  Walker ( i b i d . )  al so  

s t a t e ;  t h a t  in s h e l f  t u r b i d i t e  systems channels  are broader than they are 

long and have very low r e l i e f  and t h a t  levees  are r a r e  while 

th in n in g / f i n in g  upward sequences are  poorly developed or  nonex is ten t .

Walker (1978), Mutti and Ghibaudo (1972) and Shanmugam and Moiola 

(1988) a l l  suggest t h a t  both progradat ional  ( th ickening upward) and 

aggradat ional  ( th inning upward) sequences are poss ib le  with in  t h i s  

environment.  Walker (1984) however has cautioned t h a t  th icken ing  and 

f in in g  upward sequences are s u b jec t  to  dual i n t e r p r e t a t i o n s  and may 

a c t u a l l y  "be in the  eye of  the  beholder ."

Synsedimentary depos i t iona l  s t r u c t u r e s  assoc ia ted  with t h i s  fa c i e s  

are th e  r e s u l t  of  s o f t  sediment f a i l u r e  during p i l e  up and mobi l iza t ion .  

S t e r l i n g  and Strohbeck (1975) in t h e i r  s tu d ie s  of  sediment deformation in 

th e  Miss issipp i  Delta,  suggested t h a t  la rg e  volumes of  sediment may become 

l i q u e f i e d  and flow under t h e i r  own weight ,  giving r i s e  to  f l u i d i z a t i o n  

s t r u c t u r e s .

Facies I I I  - These are very t h i n l y  bedded t r i p l e t s / p a c k e t s  of  very f ine  

sands tone /s i l t s tcone /muds tone .  Beds range from .5 cm to  10 cm and are 

of ten  charac te r ized  by Bouma TC(je subd iv is ions .  Facies I I I  conta in  

c h a r a c t e r i s t i c s  which suggest  t h a t  these  f a c i e s  were depos ited  in fan or
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lobe f r i n g e  environments. I t  i s  al so  conceivable t h a t  the se  may be levee 

d e p o s i t s ,  however in th e  absence of  deeply inc ised  channels  t h i s  i s  a 

remote p o s s i b i l i t y .  Walker (1984) suggest  t h a t  s im i la r  f a c i e s  may r e s u l t  

from th e  s h i f t i n g  of  depos i t ion  from a lobe to  lobe f r i n g e  environment.  

Mutti (1973) r e p o r t s  s im i l a r  depcos i t s  and a t t r i b u t e d  them to  depos i t ion  

in fan f r in g e  environments by d i l u t e  t u r b i d i t y  cu r r e n t s .

In fluence o f Sea Level

Shanmugam e t  a]_., 1985, have discussed the  importance of  sea level  on 

t u r b i d i t e  d epos i t ion .  Loading o f  shelves  with huge volumes o f  d e t r i t u s  

dur ing prograda tion o f  sh o re l in e  and d e l t a  systems assoc ia ted  with sea 

le ve l  f a l l s  lead  to  l a rg e  sc a le  s lope f a i l u r e  events  and rap id  fan growth. 

Tec tonic f a c t o r s  may c o n t r ib u te  to  r e l a t i v e  sea leve l  f a l l s ,  during which 

l a rg e  volumes of  d e t r i t u s  were supplied to  the  bas in .  The Late Early 

Pl iocene,  Moruga Group with i t ' s  ex tensive  sandstone depos i t iona l  lobes i s  

c lo s e ly  comparable with modern medium to  la rge  sized systems fed by r i v e r  

d e l t a s ,  (Stow e t  a]_., 1985). Hence by f u r th e r  comparison a mud-rich l i n e  

source (eg. the  Orinoco Delta)  which supplied which suppl ied  l a rg e  volumes 

of  mate r ia l  to  the  s h e l f  can be i n f e r r e d .  The volume of mate r ia l  supplied 

to  the  s h e l f  wil l  have f l u c t u a t e d  with r e l a t i v e  sea leve l  f a l l ,  maximum 

d e l t a  prograde occurring during phases of  sea level  f a l l .

Summary

The sedimentary s t y l e  which i s  demonstrated along the  south coas t  of

; Tr in idad  seems c o n s i s t e n t  with the  model of  lowstand system t r a c t s  (LST)
I
i  of  Vail (1987). In these  s e t t i n g s  subsidence keeps pace withI
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sed imenta t ion ,  high volumes o f  sediments accumulate and, sands tend to  

aggrade and prograde leading  to  t h i c k ly  bedded sands in t h i c k  sequences.  

Thick i n t e r v a l s  o f  coarsening upward sands,  d e l t a  f ro n t  slumping, debr is  

flows and massive shee t  f lows in f luenced  by g rav i ty  processes are 

c o n s i s t e n t  with t h i s  model.
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PETROLOGY AND PROVENANCE OF THE MORUGA GROUP

In troduction

This sec t i c o n  p re sen ts  da ta  on the  mineralogy and provenance of  

sandstones,  o f  th e  Moruga Group exposed along th e  south coas t  of  Tr in idad .  

The d iscuss ion  t h a t  fol lows seeks answers t o  ques t ions  p e r ta in in g  to  

composition (mineralogy),  c l a s s i f i c a t i o n ,  provenance.  In general simple 

conventional  methods were used to  e x t r a c t  da ta  from the  samples c o l l e c t e d .  

The Scanning Elec tron  Microscope with an a t tache d ,  KVEX Elemental 

Analysis  system was used to  e x t r a c t  add i t iona l  da ta  from nine samples with 

emphasis on the  morphology and composition of  au th igen ic  components in 

pore spaces and along g ra in  boundaries and c o n ta c t s .

Light Minerals

The major and accessory framework mineralogy o f  the Moruga Group 

sandstones c o n s i s t s  o f  quar tz ,  c h e r t ,  d e t r i t a l  mica, f e ld s p a r ,  g lauconi te  

p e l l e t s ,  l i t h i c  fragments,  heavy mineral s ,  opaques, mafics and c h l o r i t e .  

The o the r  important  c o n s t i t u e n t s  are au th igen ic  c a l c i t e  and clay  mineral s .

Mineralogy and Texure o f D e tr ita l Grains

Quartz - Quartz g ra ins  range from angular  to subrounded in shape and 

a re  of  f i n e  (62 micron-350 micron) to  lowest medium sand g r a in s i z e .  Some 

g ra in s  are well rounded and show rounded q u a r tz  overgrowths.  Both 

m onocrys ta l l ine  (un i t )  and p o ly c ry s t a l l i n e  (composite) quar tz  are presen t .  

These g ra in s  have concen t ra t ions  which average 37% and 6% of whole rock
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composition r e s p e c t iv e l y .  Monocrys tal l ine gra in s  show s t r a i g h t  to  

s l i g h t l y  undulose e x t in c t i o n ;  very few g ra in s  are s t r a i n e d .  These g ra ins  

show some f l u i d  in c lu s io n s ,  but  they are genera l ly  c l e a r .  P o ly c ry s t a l l i n e  

g ra in s  show s t r a i g h t  to  s l i g h t l y  undulose ex t inc t ion  and th e  boundaries 

between in t e rn a l  g ra in s  are qu i t e  i r r e g u l a r ,  being sutured  and crenula ted  

in come cases .  C rys ta l s  with in  the se  p o ly c ry s t a l l i n e  g ra in s  are gene ra l ly  

of  equal g r a in s i z e .  In genera l ,  the  g ra ins  showed no s igns  of  physical  

and chemical co rros ion  or  replacement,  though c a l c i t e  cement f i l l e d  the 

cracks w i th in  f r a c tu r e d  g r a in s .  No v e r t i c a l  or l a t e r a l  v a r i a t i o n s  of  

qua r tz  g ra in  types or  concen t ra t ions  were observed in the  sequence.

Figure 56 and Figure 57.

SUMS SYMBOLS GRAIN TYPES
Q = Qm + Qp Q Total quartzose g ra ins

Qm Monocrystal l ine quar tz  Grains

Qp p o ly c ry s t a l l i n e  quar tzose  l i t h i c  
fragments (che r t  e t c . )

F = p + K F Total fe ld spar  g ra ins
P Plagioc lase g ra ins

K K-feldspar g ra m
L = Lv + Ls L Total unstable ap h an i t i c  l i t h i c  

fragments
Lv Volcanic,  hypabyssal , and 

metavolcanic aphan i t i c  l i t h i c  
fragments

Ls L i th ic  sedimentary fragments
Lt = L + Qp Lt Total aphani t ic  l i t h i c  fragments 

(both uns table and quartzose)

Table 3.
Explanation cof c h a ra c te r s  used 
d a ta .

in the  te rnary  p lo t s  of  sandstone modal
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Figure 56 - Very f in e  grained,  calcareous suba rkose / sub l i tha ren i te  
with poros i ty  cement. This sample i s  f a i r l y  well 
so r ted .  Fluid inc lus ions  are presen t  wi th in  some quartz 
g ra ins  but the  major i ty are c l e a r .  Overgrowths are well 
developed and more frequent  within t h i s  g ra in s i z e .
Grains are subangular  to  subrounded. Sample BH 49, Late 
Early Pliocene,  South Coast,  Tr in idad .  Scale bar  i s  100 
microns. Magnificat ion xl25.

Figure 57 - Very f ine  grained ,  poorly so r ted ,  subarkose/
s u b l i t h a r e n i t e  with l i t t l e  or  no p o ros i ty  r e s u l t i n g  from 
high matrix and cement content .  Monocrystall ine quartz 
grains  are subangular  to  subrounded and record the 
presence of  f l u i d  inc lus ions ,  however they are genera l ly  
c l e a r .  Some quar tz grains show the  development of 
overgrowths. Sample BH 9, Late Early Pliocene,  South 
Coast,  Tr in idad.  Scale bar i s  100 microns.
Magnificat ion xl25.
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Feldspar - Volumetr ica l ly  f e ld s p a r s  are not  very important  with 

concen t ra t ions  t h a t  average 6 percen t  p lag ioc la se  and 3% potassium 

f e ld s p a r ,  r e s p e c t iv e l y .  P lag ioc lase  f e ld s p a r  g ra ins  show t h r e e  l e v e l s  of  

weathering appearance,  (a) f r e s h  g ra ins  t h a t  show no s igns  o f  weathering 

or  co r ros ion ,  (b) g ra in s  t h a t  show s igns  of  weathering ,  cor ros ion  and 

abras icon  and (c) g ra in s  o f  both types t h a t  a re  wholly or  p a r t i a l l y  

rep laced  by au th igen ic  c a l c i t e .  S e r i c i t i z a t i o n  of  some f e ld s p a r  g ra ins  

was observed.  Cleavages of  both potassium and p la g io c la s e  f e ld s p a r s  are 

well developed and th e  twin planes and lamel lae of  the  p la g io c la se  are 

very well developed.  The g r a in s  are cracked and broken in some 

in s ta n ces ,  an e f f e c t  t h a t  appears to  have been caused by compaction. 

Wherever t h i s  was observed,  c a l c i t e  i n f i l l e d  the  cracks  and f i s s u r e s .  

Fe ldspar  g ra in s  range from s i l t  t o  very f in e  sand s i z e ,  Figure 58.

In ves t iga t ion  with the SEM shows some fe ld s p a r  g ra in s  t o  have 

undergone p a r t i a l  d i s s o l u t i o n .  The micro-pore space formed by t h i s  

process i s  marked by s e r i c i t i z a t i o n  and sometimes l i n e d  by growth of  

au th igen ic  c h l o r i t e .  See Figure 59.

L i th ic  Fragments - Three c l a s s e s  of  l i t h i c  rock types  are represen ted 

in these  sandstones.  Average whole rock concen tra t ions  o f  the  th ree  

l i t h i c  fragment types are :  l i t h i c ;  sedimentary 3%, l i t h i c  metamorphic 1% 

and l i t h i c  volcanic and p lu ton ic  1.5%. The igneous l i t h i c  g ra in s  are 

mainly m ic ro c ry s ta l l in e  aggregates with a f e ld s p a th ic  groundmass and mafic 

m a te r i a l s .  V i t r i c  g ra in s  have a lso  been observed in very small q u a n t i t i e s .  

In some cases the  groundmass has been c h l o r i t i z e d .  Unstable sedimentary 

l i t h i c  g ra ins  have been observed. These include fragments o f  mudstone
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Figure 58 - Fine-grained,  moderately well so r ted  calcareous 
suba rkose /sub l i tha ren i te  with a r e l a t i v e l y  open 
framework, however with pore space occluded by matrix 
and cement. The f igu re  shows a f resh  grain  of  
p lag ioc la se  fe ld sp a r  surrounded by quar tz  g ra in s  with 
numerous f lu id  inc lu s ions .  Grains are angular  to  
subangular . Overgrowths are observed on some quartz 
g ra in s .  Sample BH 38, Late Early Pliocene,  South Coast,  
Trinidad.  Scale bar i s  100 microns. Magnification 
xl25.

Figure 59 - SEM photograph of  a secondary so lu t ion  microporosi ty
within a p la g ioc la se  fe ldspa r  g ra in .  Porespace i s  l ined  
by au th igenic  growth of  c h l o r i t e  and smect i t e .  
Magnification xl300. The shor t  sca le  bar  i s  10 microns. 
Sample BH 26, Late Early Pliocene,  South Coast,
Trinidad.
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(some g ra in s  of  which are  very i r o n - r i c h ) ,  s i l t s t o n e ,  very f ine -g ra ined  

sandstone,  g l a u c o n i t i c  and non-g lauconi t i c  p e l l o id a l  g r a in s .  Some of 

these  p e l lo id a l  g r a in s  have been deformed dur ing  compaction and are 

squeezed in between framework g r a in s ,  thus  forming a matrix and occluding 

primary p o ro s i ty .  Low grade metamorphic l i t h i c ;  g ra in s  were observed.

These are mi ld ly  metamorphosed, a r g i l l a c e o u s ,  f o l i a t e d ,  mica- rich 

fragments.  Figure 60.

Chert - Grains o f  m i c ro c ry s ta l l in e  c h e r t  a re  p resen t  and average 3% 

of whole rock composit ion.  Due to  t h e i r  very f i n e  grained na ture  i t  i s  

d i f f i c u l t  t o  recognize  in te rna l  s t r u c t u r e  w i th in  the se  g r a in s .  Figure 61.

Mica - These are of  two types (a) muscovite (1.7%) and (b) b i o t i t e ,  

which d i sp la ys  a pa le  green pleochroism (.5%). Mica f l a k e s  are often 

concentrated along laminae thus  def in ing  a rough flow p a t t e r n .  These 

micas are o f ten  found bent  between framewcork g ra in s  probably as a r e s u l t  

of compaction. Figure 62 and 83.

Glauconite - Glauconite occurs mainly as very f i n e  grained  pe l lo id s  

t h a t  are o ften  found to  be squeezed between more r e s i l i e n t  framewcork 

g ra in s ,  thus  occluding pore space.  These g ra in s  are gene ra l ly  oval shaped 

and yellow green in co lo r .  Glauconite in some ins tances  may be mistaken 

fo r  matrix and i s  a l so  sometimes replaced by c a l c i t e  cement. Figure 64 

and 65.
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Figure 60 - Argillaceous sedimentary l i t h i c  fragment squeezed
between quartz g ra in s .  Similar  l i t h i c  fragments are 
incorporated in to  the matrix in other  areas.  Note how 
the  primary in t e rg r a n u la r  po ros i ty  i s  i n f i l l e d  by matrix 
comprised of  a rg i l l ac eous  fragments. Sample BH 9, Late 
Early Pliocene,  South Coast,  Tr in idad.  Scale bar i s  100 
microns. Magnificat ion xl25.

Figure 61 - Very f ine-gra ined  ca lcareous  suba rkose /sub l i tha ren i te  
showing fragments of  c h e r t ,  opaques and quartz g ra ins .  
Note also the lack  of  po ros i ty  and the t i g h t  
cementation. Sample BH 58, Late Early Pliocene,  South 
Coast, Trinidad.  Scale bar  i s  100 microns. 
Magnification xl25.

I
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Figure 62 - Very f ine-gra ined ,  moderately well so r ted  calcareous 
subarkose /sub l i tharen i te  with a elongate fragments of  
mica dispersed throughout.  Other cons t i tuen t s  include 
quartz  and fe ldspa r .  Porosi ty  i s  again occluded by 
matrix and cement. Sample BH 58B, Late Early Pliocene,  
South Coast, Trinidad.  Scale bar  i s  100 microns. 
Magnificat ion xl25.

Figure 63 - Fine-grained moderately well so r ted  calcareous
subarkose / sub l i tha ren i te .  This sample shows a mica 
f lake  bent around a quartz g ra in  during compaction. 
Grains are subangular to  subrounded. A comparison of  
Figures 47 and 48 i l l u s t r a t e s  grading within a sandstone 
bed 2.1 meters th ick .  Figure 48 was taken from a sample 
c o l lec t io n  20 cm above the  base of  the bed while 
Figure 47 was taken from a sample a t  the top of  the  same 
bed. Sample BH 58A, Late Early Pliocene,  South Coast, 
Trinidad.  Scale bar  i s  100 microns.  Magnificat ion 
xl25.
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Figure 64 - Very f ine -g ra ined ,  moderately well sor ted  calcareous 
subarkose /sub li tharen i te  with a high matrix and cement 
content  and no porosi ty.  Grains are subrounded and 
appear to  f l o a t  within the matrix and cement. The 
matrix contains a considerable amount of  g lauconit ic  
g r a in s / p e l lo i d s  squeezed between the more r e s i l i e n t  
quar tz .  Sample BH 9, Late Early Pliocene,  South Coast, 
Tr in idad .  Scale bar i s  100 microns.  Magnification 
xl25.

Figure 65 - Very f ine-g ra ined ,  poorly sor ted  calcareous
subarkose /subli tharen i te  with high matrix content .  The 
matrix i s  comprised almost t o t a l l y  o f  g laucon i t i c  grains 
squeezed between more r e s i s t e n t  quartz  g ra ins  during 
compaction. As a r e s u l t  the re  i s  no remaining v i s ib l e  
po ros i ty .  Sample BH 25, Late Early Pliocene,  South 
Coast,  Trin idad.  Scale Bar i s  100 microns.
Magnificat ion xl25.
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Mafics - These are not very important  in these  rocks.  C h lo r i t i z a t io n  

of  most o f  the  mafic g ra in s  coupled with some replacement by c a l c i t e  made 

i d e n t i f i c a t i o n  d i f f i c u l t .  From modal ana lyses ,  the average whole rock 

concen t ra t ion  of  c h l o r i t e  i s  es t imated to  be approximately 1%. Ch lo r i te  

i s  found in the matrix o f  the  sandstone and a l so  in the groundmass of  some 

l i t h i c  fragments.  I t  a l so  rep laces  and clouds some mafic minerals .  

Glauconite was observed mainly as p e l l e t s .

Authigenic Constituents

The au th igen ic  components were examined by th in  sec t ion ,  X-Ray Powder 

D i f f r a c t io n  and Scanning Electron Microscopy. Thin sec t ion  examination 

allowed f o r  easy op t i ca l  i d e n t i f i c a t i o n  and desc r ip t ion  o f  c a l c i t e .  

Clay-minerals  are a major au th igenic  c o n s t i t u e n t  of  these  sandstones and 

these  are  i l l u s t r a t e d  in the  accompanying SEM photographs.

C a lc i t e  - Authigenic c a l c i t e  cement i s  a vo lum etr ica l ly  s i g n i f i c a n t  

c o n s t i t u e n t  of  th e se  sandstones,  and accounts f o r  up to  16% of the  whole 

rock composit ion. Prel iminary work with the  SEM suggest t h a t  some 

s i d e r i t e  may be l o c a l l y  developed.  This i s  confirmed by XRD ana lys i s  

which shows two sandstone samples (BH-18 and BH-33) having 50% s i d e r i t e  

and 50% c a l c i t e .  SEM imaging in d i c a te s  t h a t  c a l c i t e  i s  developed as an 

e a r ly  cement on most g ra in s  and occurs as small but blocky po re - l in in g  and 

p o r e - f i l l i n g  c r y s t a l s .

S ta in ing of  the  carbonates suggests  t h a t  much of the  c a l c i t e  has a 

high iron ccon ten t .  KVEX ana lys i s  of  c a l c i t e  ind ica te s  small amounts of 

Fe within the c a l c i t e  which suppor ts  the  fe r roan  c a l c i t e  in ference .
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C a lc i t e  p a r t i a l l y  rep laces  g ra ins  and g ra in  boundaries of  f e ld s p a r ,  rock 

fragments and mafics.  Original  o u t l i n e s  of  g ra ins  sometimes occur as 

f a i n t  l i n e s  or  shadows within  the  cement. Figures 66 and 67.

K ao l in i te  - Wherever found, t h i s  mineral i s  well c r y s t a l l i z e d  and 

p a r t i a l l y  p o r e - f i l l i n g .  K ao l in i te  c o n s t i t u t e s  15.7% and 4% o f  the  clay 

mineral assemblage in outcrop and the  subsurface  r e s p e c t iv e ly .  K ao l in i te  

occurs as face to  face ,  hexagonal or  psuedohexagonal shee ts  in packets 

ca l l e d  bookle ts  which are d ia gnos t ic  of  t h i s  minera l .  Some microporosi ty 

i s  a s soc ia ted  with the occurrence o f  k a o l i n i t e .  KVEX ana lys i s  shows la rge  

amounts of  Si and A1 but no potassium or i ron ,  thus  confirming the  i d e n t i ­

f i c a t i o n  as k a o l i n i t e .  Figures 68 and 69.

In samples of  mud/clay the  presence of  K ao l in i te  was confirmed by 

X-Ray Powder-di f f rac t ion with peaks a t  approximately 13° (7.2 angstrom) 

and 26° two t h e t a  (3.6 angstrom).  There was no response of  these  peaks to 

g ly c o la t i o n ;  however, they disappeared upon heat ing  to  550°C.

C h lo r i te  - Ch lo r i te  i s  a minor c o n s t i t u e n t  which c o n s t i t u t e s  respec­

t i v e l y  1.3% and 1.8% of  the  clay mineral s  in outcrop and the  subsurface .  

Found in var ious forms (a) t h i c k  s e t s  made up of  sh ingled shee ts  which 

coat  g ra in  su r faces ;  (b) r a re  r o s e t t e s ;  and, (c) as a honeycomb coating 

around some gra in s  t h a t  al so  e f f e c t i v e l y  i n f i l l s  porespace.  Some 

microporosi ty  is  assoc ia ted  with c h l o r i t e  c r y s t a l l i z a t i o n .
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Figure 66

Figure 67

II

- SEM photograph of  c a l c i t e  cement coating a quar tz  (?) 
grain  and i n f i l l i n g  porespace.  Note sucros ic  t e x tu re  of 
c a l c i t e ,  and possibly  some microporosi ty developed 
within the cement. Small sca le  i s  100 microns. 
Magnificat ion x700. Sample BH 8.

- KVEX elemental ana lys is  of  sample BH 8 showing 
s ig n i f i c a n t  peaks fo r  Ca and Si .
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Figure 68 - SEM photograph showing c a l c i t e  (ca l)  cement tex tu res
developed within porespace.  Small scale  i s  10 microns. 
Magnification xl360. Sample BH 3, Late Early Pliocene,  
South Coast, Trinidad.

Figure 69 - SEM photograph of  a porespace in sample BH 3
i l l u s t r a t i n g  how poros i ty  i s  occluded by authigenic 
growth of  k a o l in i t e  (K) and c a l c i t e .  The adjacent  grain 
i s  quar tz.  Small sca le  i s  10 microns. Magnificatin 
xl360. Late Early Pliocene,  South Coast, Trinidad.
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No XRD p a t t e rn  of  c h l o r i t e  was obtained during an a ly s i s  of  mud/clay 

samples. KVEX a n a ly s i s  o f  sandstone samples y i e l d  high concen t ra t ions  of  

S i ,  Fe and A1 which suppor t  the  presence of  c h l o r i t e .  Figures 70, 71, 72 

and 73.

I l l i t e / S m e c t i t e  ( I /S )  - Mixed-layer I /S  co n t r ib u te s  74.6% and 39% 

re s p e c t iv e l y  of  th e  clay  mineral s  in  outcrop and the  subsurface .  The 

presence of  I /S i s  suggested by broad peaks a t  approximately 6.7 degrees 

tw o- the ta .  Some d i s c r e t e  i l l i t e  i s  a l so  suggested by peaks a t  9.5 degrees 

tw o- the ta  (10.1 angstrom). D isc re te  i l l i t e  i s  p resen t  in amounts of  up to  

10.9% and 27% r e s p e c t iv e l y  in outcrop and the subsurface .  No I /S was 

i d e n t i f i e d  during SEM viewing o f  sandstones .  Wei ton (1984) emphasized the 

d i f f i c u l t y  of  id e n t i f y i n g  mixed-layer c lays  in the  SEM. Huff (pers .  

comm., 1990) a l so  suggested t h a t ,  un less  c r i t i c a l  po in t  drying i s  used, 

the  f i l amentous I /S  c lays  may be destroyed during sample p repara t ion  and 

not  seen in the  SEM.

S m ec t i t e /C h lo r i t e  - i t  i s  not c l e a r  t h a t  these  occur as a mixed-layer 

p a i r  in these  sandstones .  However a c lose  chemical a s s o c ia t io n  is  

suggested by KVEX an a ly s i s  y ie ld in g  Si ,  Al, Fe, Ca and K. This 

composition i s  most o f ten  assoc ia ted  with the  "honeycomb" type c h l o r i t e  

descr ibed  e a r l i e r .  See Figures 59 and 60.

Porosi ty  - The e a r ly  p r e c i p i t a t i o n  of  carbonate cement and the 

presence of a high matr ix  content  has o b l i t e r a t e d  a l l  or  most of  the 

p o ros i ty  o r i g i n a l l y  p resen t  in these  sandstones.  There i s  l i t t l e  evidence 

of  the  widespread development of  much secondary p o ro s i ty .  However, where
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Figure 70 - KVEX elemental ana lys i s  of  sample BH 3 showing in tense 
peaks fo r  Si and Ca and a f a i r l y  s ig n i f i c a n t  peak fo r  
Fe. The strong Si and Fe peaks probably ind ica te  the 
presence of  some smect i te  or c h l o r i t e .

Figure 71 - SEM photograph showing c h l o r i t e  (chi)  c r y s t a l l i z e d  as
shingled sheets  which coat  grain  surfaces  and grow in to  
porespace.  Small sca le  i s  10 microns.  Magnification 
xl400. Sample BH 11, Early Late Pliocene,  South Coast,  
Trinidad.
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Figure 72 - KVEX elemental analysis  confirming the  presence of  
c h l o r i t e  in sample BH 11.

Figure 73 - SEM photograph i l l u s t r a t i n g  shingled sheet  morphyology 
of  c h l o r i t e  (ch i ) .  Chlori te  in t h i s  i l l u s t r a t i o n  
i n f i l l s  a primary pore space and i s  very t i g h t l y  packed. 
Ca lc i te  i s  ca l .  Sample BH 9, Late Early Pliocene,  South 
Coast,  Trinidad.
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Figure 74 - SEM photograph probably ind ica t ing  a close assoc ia t ion  
of  c h lo r i t e  and smecti te  occupying a porespace.  The 
"honeycomb" s t ru c tu re  i s  typ ica l  of  c h l o r i t e .  Small 
scale i s  5 microns.  Magnification x6500. Sample BH 26, 
Late Early Pliocene,  South Coast,  Trinidad .

Figure 75 - KVEX elemental ana lysi s  confirming the  presence of  
c h lo r i t e  and smect i te  in sample BH 26.
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secondary p o ro s i ty  i s  suggested ,  i t  was i n f i l l e d  by l a t e r  s tage  c a l c i t e  

cement. The po ro s i ty  p re s e n t  was observed during SEM viewing of  the 

sandstones and t h i s  p o ro s i ty  was microporosi ty developed in assoc ia t ion  

with clay  p r e c i p i t a t i o n  and c r y s t a l ! i z a t i o n .  Some microporosi ty was also 

developed through th e  weathering and d i s s o lu t i o n  o f  f e ld s p a r  g ra in s .

Sandstone C l a s s i f i c a t i o n

Upon pre l iminary  examination of  these  sandstones i t  was observed th a t  

th e re  was a cons iderab le  amount of  matrix/mud within  i n t e r s t i t i a l  spaces. 

This observa tion  has t r a d i t i o n a l l y  led  to  debates  about c l a s s i f i c a t i o n  and 

the  o r ig in  of  t h i s  matrix in sandstones.  The problem i s  b r i e f l y  discussed 

and the  sandstones c l a s s i f i e d .

C l a s s i f i c a t i o n  i s  a na tu ra l  consequence o f  the  sys tematic  

pe t rographic  d e s c r ip t i o n  of  sandstones,  fo r  l i k e  a l l  na tu ra l  m a te r ia l s ,  

sandstones d i f f e r  from one another and a convenient p r a c t i c a l  shorthand i s  

requ ired  to  convenien tly  labe l  and c l a s s i f y  them, (P e t t i jo h n  e t  &}.,

1972). The choice of  a c l a s s i f i c a t i o n  i s  o f ten  one which r e f l e c t s  the 

s ub jec t ive  views o f  the  ope ra to r .  Though su b je c t iv e ,  the  c l a s s i f i c a t i o n  

scheme adopted f o r  use should be chosen on the  bas is  of  c a r e fu l ly  

observed s c i e n t i f i c  p ro p e r t i e s  which are reproducib le  by subsequent 

ope ra to r s .  Over the  years  c l a s s i f i c a t i o n s  have been used and scrapped 

with s im i la r  ease as opera to rs  have at tempted c l a s s i f i c a t i o n s  which are 

based on composit ion, composition and t e x tu re  and even composition,  

t e x tu r e  and genes is .
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An example of  the  c l a s s i f i c a t i o n  problems i s  t h e  term greywacke.

Some o f  the  chaos a ssoc ia ted  with t h i s  term stemmed from the  "matrix" 

problem, i . e . ,  was matrix  primary and depos i t iona l  or  secondary and 

d ia g en e t i c?  The problem has been thoroughly d iscussed  by Cummins (1962) 

and Hubert (1984) who have conclus ive ly  shown t h a t  the  matrix of  so c a l l e d  

greywacke i s  d ia g e n e t i c  as Recent and T e r t i a r y  greywacke which were 

depos i ted  by t u r b i d i t y  cu r ren t s  are p r a c t i c a l l y  f r e e  of  d e t r i t a l  ma trix .  

Thei r  observa tions  suggest  t h a t  matrix may be the  product  of  time and the  

breakdown of  muddy and volcan ic  fragments.  With t ime matrix can a lso  be 

rep laced  by carbonate  cement, (P e t t i jo h n  e t  al_, 1972). This may very well 

be an important  process  in these  sandstones from the  south coas t  of  

Tr in idad .

The reader  i s  r e f e r r e d  to  Klein (1963) f o r  a review of approaches to 

c l a s s i f i c a t i o n  of  d e t r i t a l  sediments. Commonly used c l a s s i f i c a t i o n s  s ince  

then have been pub lished  by Folk e t  al_., (1970), Folk (1978), P e t t i john  

(1975) and Se ll ey  (1970).

Folk e t  al . . ,  (1970) include quar tz  (Q) a term incorpora t ing  both mono 

and p o l y c r y s t a l l i n e  quar tz ,  a l l  types of  f e ld s p a r  (F) and rock fragments 

(R) as end members. Folk (1978) used quar tz  except  c h e r t ,  a l l  f e ld spa r s  

(F) and a l l  rock fragments (R) including c h e r t ,  s l a t e ,  vo lcan ics ,  l ime­

s tones ,  sandstones and sha les  as end members. P e t t i jo h n  e t  a] . . , (1972) 

c l a s s i f i c a t i o n  was a development frcom Dott (1964) and uses a th ree  

dimensional approach.  This i s  an important  scheme as i t  t ranscends  the 

whole spectrum from clean sands to  t o t a l  mud; t h a t  i s ,  a r e n i t e s ,  wackes, 

and mudstones. Wherever the term a r e n i t e  i s  used i t  r e f e r s  to  a sandstone 

with l e s s  than f i f t e e n  percent  matrix mater ia l  as opposed to  "wacke" which
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has g r e a t e r  than f i f t e e n  percent  matr ic .  An obvious shortcoming of  the 

l a t t e r  c l a s s i f i c a t i o n  i s  t h a t  inherent  in th e  scheme are implica t ions  cof 

depos i t iona l  environments and genes is .

Results

Two schemes were used to  c l a s s i f y  the  sandstones of the Moruga Group. 

One i s  based s o l e l y  on composition (Folk,  1978) whereas the o the r  suggests  

the  importance o f  depos i t iona l  environment and probably d iagene t ic  e f f e c t s  

in the  eventual composition of  the sandstones (Pe t t i john  e t  a l ,  1972).

The claim t h a t  the (Pe t t i john  e t  a l . ,  1972) c l a s s i f i c a t i o n  i s  based 

s t r i c t l y  upon composition i s  debatable because terms such as "clean" are 

used in t h e i r  d is cu s s io n .  I t  i s  well accepted within geologic l i t e r a t u r e  

t h a t  such terms make s trong  suggest ions of  winnowing by depos it ional  

agents  during sed imenta t ion.  I f  we then cons ider  t h a t  matrix may be 

d ia g e n e t i c ,  then  the  c l a s s i f i c a t i o n  f a l l s  sh o r t  in th a t  i t  has 

im pl ica t ions  f o r  pos t -depos i t iona l  processes .  Therefore i t  i s  not  as 

c l e a r  whether or  not t h i s  scheme at tempts to  rep resen t  the o r ig ina l  

sandstone composition as does Folk 's  (1978).

The c l a s s i f i c a t i o n  o f  Folk (1978) y ie lded  the following r e s u l t s :  

eleven (11) sandstones p lo t t e d  as subarkoses,  s ix  (6) p lo t ted  as s u b l i t h -  

a r e n i t e s  and s ix  (6) p lo t t e d  as l i t h i c  a r e n i t e s ,  Figure 76. The 

composit ional  matu r i ty  o f  these  sandstones i s  the re fo re  h igh l igh ted .
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Petrographic ana lyses  ind ica ted  t h a t  though matrix i s  important  i t  

does not  exceed f i f t e e n  (15%) pe rcen t .  The sandstones th e r e f o r e  p l o t  in 

the  a r e n i t e  f i e l d  o f  P e t t i jo h n  e t  a l ,  (1972). This c l a s s i f i c a t i o n  y ie ld s  

th e  fol lowing r e s u l t s :  s ix te e n  (15) sandstones p lo t  as subarkoses,  s ix  (5) 

p l o t  as s u b ! i th a re n i t e s  and one (1) p l o t  as an arkos ic  a r e n i t e ,  Figure 77. 

Again the  compositional m a tu r i ty  o f  the  sediment i s  h ig h l ig h te d .

Using an ad jec t iva l  p r e f i x  to  in d i c a te  the  ch a ra c te r  o f  the  cement 

(P e t t i jo h n  e t  a l . ,  1972) t h e s e  sandstcones wil l  be r e f e r r e d  to  as 

ca lcareous  subarkoses,  ca lcareous  s u b l i t h a r e n i t e s  and ca lcareous  arkosic  

a r e n i t e s .

Heavy Minerals

Because heavy minera ls  are not  included in the scheme o f  Dickinson 

and Suczeck (1979) or  Dickinson e t  (1985), the modal percentages  of 

heavy minerals  in these  samples are not included in the  an a ly s i s  of  

provenance which fo l lows .  A sepera te  i n t e r p r e t a t i o n  using the  ZTR index 

demonstrates the use of  heavy minerals  in paleogeographic reco n s t ru c t io n .  

The heavy minerals encountered,  and which account fo r  approximately 0.9% 

by weight ,  of  these sandstones ,  occurred in the very f i n e  sand range (88

micron - 177 micron). B r ie f  d e s c r ip t io n s  of  the minera ls  encountered are

given below together  with the  r e s u l t s  of  point  counting approximately 100

g ra in s  per  sample on four  (4) samples.
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Genera l ly,  the  heavy mineral s  encountered are subangular  to 

subrounded in shape and do not  appear to  have been g r e a t l y  a f fec ted  by 

weathering.  Some abras ion  o f  su r faces  was observed; however, the mineral 

g ra ins  are f re sh  and al lowed f o r  f a i r l y  easy d e s c r ip t io n .

Garnet - The ga rn e t s  a re  found as pa le  red t o  dark  brown, i s o t ro p ic ,  

subrounded g r a in s .

Tourmaline - General ly  th e se  are found as euhedra l ,  elongate c ry s ta l s  

which d isp lay  s trong  pleochroism. The mineral i s  f u r t h e r  charac te r ized  by 

i t ' s  high r e l i e f  and b i r e f r i n g e n c e .

Zircon - Some zoned z i rcons  are p resen t .  Zi rcons  are  co lo r l e s s  and 

genera l ly  show two forms - s tubby and elongate ;  have a high r e l i e f  and 

p a r a l l e l  e x t in c t i o n .

R u t i le  - These a re  subrcounded c r y s t a l s  with p a r a l l e l  ex t inc t ion  and 

a high b i r e f r in g e n c e .

Hornblende - Found as pa le  green weakly p leochroic  g r a in s .  Two 

d i r e c t i o n s  of  cleavage are p re sen t .

Ch lo r i to id  - Green and weakly p leochro ic .  Anhedral to  subhedral 

c ry s ta l  form.

T i t a n i t e  (sphenel - Occurs as broken c r y s t a l s  t h a t  are pale yellow in 

co lor  and non-pleochroic.  Grains also  show very high r e l i e f .

177

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Discusson o f  Heavy Minerals and the  ZTR Index

The ZTR index was introduced by Hubert (1962) as a measurement of  

mineralog ical  m a tu r i ty  in sandstones.  The index i s  c a lcu la ted  as a 

percentage of  th e  combined z i rcon ,  tourmaline and r u t i l e  g ra ins  among the  

t r a n s p a re n t ,  nonmicacecous, d e t r i t a l  heavy m ine ra l s .  A high value f o r  the  

ZTR index i n d i c a t e s  a high degree of  minera log ic  m a tu r i ty .  The index 

ranged from 48-53% f o r  the  four  samples s tud ied  in d ic a t in g  moderate 

minera logic  m a tu r i ty .

TABLE 4

BH3 BH6 BH16 BH58

Garnet 14 8 16 17

Tourmaline 4 12 13 16
Zircon 34 29 28 28
Ruti le 12 11 7 10
Hornblende 9 6 3 2
S t a u r o l i t e 13 23 22 19
C nlor i to id 7 4 6 3
T i t a n i t e 7 6 6 5
Mica 2 1 1 0
Total 105 100 102 98
ZTR 49 53 48 53

The heavy mineral s u i t e s  encountered in the se  rocks have been described  as 

s tab l e  to  u l t r a s t a b l e  by Pe t t i john  e t  al_., (1972).

Heavy minera ls  provided add i t iona l  information on the degrees of  

weathering and modif icat ion  undergone by the  sediments .  Moderate values 

fo r  the  ZTR index ind ica te  t h a t  th e re  was no s i g n i f i c a n t  modif icat ion of
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t h e  o r ig in a l  sediment composit ion, and t h a t  t r a n s p o r t  and depos i t ion  were 

rap id  p rocesses .  Heavy mineral suggest  t h a t  the  assemblage ind ic a te s  a 

mixed source t e r r a i n  cons i s t ing  of  two rock types  (a) a low to  medium 

grade metamorphic rock and, (b) an in te rm ed ia te  to  ac id ic  igneous rock.

Provenance

Provenance s tu d ie s  give information on the  source t e r r a i n s  from which 

sediments were der ived .  Sediments have sources ,  various basin types 

harbor c h a r a c t e r i s t i c  deposystems and l inkages  from provenance to  basin 

ca r ry  in formation about t e c to n i c  s e t t i n g .  This s tatement summarizes some 

o f  the goa ls  of  t h i s  d i s s e r t a t i o n .

E a r l i e r  workers (eg. Middleton,  1950) recognized some of these  

r e l a t i o n s h i p s  and demonstrated v a r i a t i o n s  in sandstcone chemistry between 

the  var ious  geosynclinal  components and complexes. The ideas o f  such 

ea r ly  workers were then expanded by Crook (1974) and Schwab (1975).

Crook (1974) t raced  the  o r ig in s  of  the  hypothesis  t h a t  sandstone 

(greywacke) composition provides important  c o n s t r a i n t s  on pa leogeotectonic 

r e co n s t ru c t io n  back to th ree  premises v iz :

i)  compositional d i f f e re n ces  between a r e n i t e s  are not acc iden tal  and 

r e f l e c t  the  systemat ic in te rv en t io n  of  processes to  give r i s e  to  

d i f f e r e n t  l i t h o g e n e t i c  u n i t s .
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i i )  composition should not  be the  primary bas is  of  d is cuss ion  but 

r a th e r  we should begin to  look deeply in to  the  genes is  of  var ious  

members of  a p a r t i c u l a r  s u i t e ,

i i i )  each s u i t e  of  sedimentary rocks i s  the  r e s u l t  of  sedimentary 

processes which d i f f e r  from area to  area and thus leads  to  

v a r i a t io n s  in composition of  a r e n i t e s .

Crook (1974) subdivided sandstones in to  th ree  major groups which 

correspond to  th re e  types  o f  con t inen ta l  margins o f  Mitchell  and Reading 

(1969).

i )  Quartz-poor greywackes, i n d i c a t i v e  of  magmatic i s la n d  arcs

i i )  Quar tz-in termediate greywackes, of  mixed provenance and 

in d ica t iv e  o f  a c t iv e  (Andean type) con t inen ta l  margins.

i i i )  Quar tz - r ich ,  a s soc ia ted  with pass ive :  (A t lan t ic  type) cont inenta l  

margins.

Schwab (1975) examined sandstone s u i t e s  on the  bas is  of  framework 

quar tz  and subdivided sandstones in to  th re e  groups t h a t  correspcond to ,  

and s t rong ly  support  Crook's ( 1974) groupings v iz :

i )  sandstones t h a t  average f i f t y  e igh t  percent  Si02 and K20/Na20 or,  

quar tz  poor sandstones,
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i i )  sandstones which average seventy percent  Si02 and K20/Na20<l or 

q u a r t z - in te rm e d ia te  sandstones ,  and,

i i i )  sandstones which average seventy percent  Si02 and K20/Na20>l or 

q u a r t z - r i c h  sandstones .

Schwab (1975) emphasized t h a t  th e  concept of  p l a t e  t e c to n i c s  provided 

e s s e n t i a l l y  two c o n t r a s t i n g  source m a te r i a l s  - quar tz  r i c h  c ra tons  and 

quar tz  poor vco lcan ic  a r c s .

Dickinscon and Suczeck (1979) and Dickinson e t  a l . . , (1983) have 

d i s t i l l e d  the  ideas  o f  Crook (1974) and Schwab (1975) in to  convenient 

working models using t e r n a r y  diagrams.  Thei r  models incorpora ted  the data  

from a t  l e a s t  four  thousand sandstones  from d i f f e r e n t  t e c t o n i c  s e t t i n g s  

with support ing  da ta  from modern ocean sands lo ca ted  in d i f f e r e n t  

t e c t c o n i c  s e t t i n g s .  Dickinson and Suczeck ( i b i d . )  recognized th r e e  broad 

provenance types  and f u r t h e r  subdivided each as fo l lows:

Continental  Block provenances

-c ra ton  i n t e r i c o r  

- t r a n s i t i o n a l  

- u p l i f t e d  basement

Magmatic Arc Provenance;

-undissec ted

- t r a n s i t i o n a l

-d i s sec te d
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Recycled Orogen provenances 

-subduction comple.

- c o l l i s i o n  orogen 

- fo re land  u p l i f t .

All the  above s tu d ie s  concentrated on anc ien t  sandstone s u i t e s  and 

in fe r re d  t e c t o n i c  s e t t i n g s  from data  o the r  than sandstone composit ions. 

Dickinson and Valloni (1980) and Valloni and Maynard (1981) have examined 

compositions of  moden sands from known t e c to n ic  s e t t i n g s .  The two da ta  

s e t s  show c lo se  agreement.

The models of  Dickinson and Suczeck (1979) have been used to  

i n t e r p r e t  the  t e c to n i c  s e t t i n g  of  the sandstones of  the  Moruga group, 

southern Trinidad  sandstones.

Results

QFL (Figure 78) - This t r i a n g l e  shows t o t a l  g ra in  popula t ion,  and 

provides information about gra in  s t a b i l i t y ,  weathering,  provenance, r e l i e f  

and t r a n s p o r t  h i s to ry  as well as source rock.  The sandstones p lo t  toward 

the  top as a quartz r i c h  ( a t  l e a s t  66% quar tz)  Reclvcled Orogen Provenance 

s u i t e .  The pauci ty  of  uns tab le  g ra ins  coupled in d i c a te s  t h a t  the 

sediments were in t e n s e ly  weathered and the dominance of  angular  to 

subrounded grain  types suggest  t h a t  th e re  was l i t t l e  a l t e r a t i o n  during 

t r a n s p o r t .  I t  i s  th e re fo re  d i f f i c u l t  to re c o n s t ru c t  source rock type from 

the  r e s u l t s  of  the QFL p lo t .
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QFL Plot of Sandstone Petrographic Data

n = 23
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F igu re  78

( A f t e r  D i c k i n s o n  a n d  S u c z e c k ,  1 9 7 9 )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Qm F 1̂  (Figure 79) - This  t r i a n g l e  a l so  shows t o t a l  grain  

p opu la t ions .  In t h i s  case however, a l l  l i t h i c  fragments are p lo t t e d  

to g e th e r  a t  th e  Lt pole ,  thus the  emphasis i s  on the  g ra in  s i z e  of  the

source rocks because f i n e r  grained  rocks y i e l d  more l i t h i c  fragments in  

the  sand s i z e  range.  The composit ions of  sandstones from the south coas t  

of  T r in idad  p l o t  toward the  top o f  th e  t r i a n g l e  with a minimum quartz 

con ten t  o f  64%. The compositions p l o t  a t  the  i n t e r s e c t i o n  o f  the  

Continenta l  Block and Recycled Orogen provenance f i e l d s .  The 

composit ional  t a b l e s  compiled by Dickinson and Suczeck (1979) allowed fo r  

easy comparison with the  da ta  from southern Tr in idad .  These comparisons 

suggest  t h a t  the  more l i k e l y  provenance s u i t e  wil l  be found in the 

recyc led  orogen provenance and more s p e c i f i c a l l y  in the c o l l i s i o n  orogen 

provenance.  The sands from such t e r r a i n s  gene ra l ly  show Qm content

g r e a t e r  than 75% and p la g io c la se  and potassium fe ld s p a r  being almost 

equal or  p la g io c la se  in s l i g h t  excess .  P lo t t in g  the  Qm F Lt diagram

enhances the  conclusicons of  the  QFL diagrams which ind ica te  low l i t h i c  

and f e l d s p a t h i c  contents  of  recycled  orogen s u i t e s .

Qp L„ L and Qm P K - These p lo t s  dep ic t  p a r t i a l  g rain  popula t ions  but 

reveal  the  c h a ra c te r  of  the p o l y c r y s t a l l i n e  and monocrystal l ine  components 

of  th e  framework r e s p e c t iv e ly .  The Qp Ls Ly diagram (Figure 80) c l e a r ly

suggest  a Subduction Orogen source.  Dickinson and Suczeck (1979) however, 

i n d i c a t e  the  i n a b i l i t y  of  the  Qp Ls Lv diagram to  accura te ly  ch a ra c te r i z e

sands with a low l i t h i c  con ten t .  This  shortcoming,  inherent  in the 

des ign ,  i s  emphasized by the  r e s u l t s  presented  here.  The Qm P K

t r i a n g l e  (Figure 81) ind ica te  the  overa l l  dominance of  Continental Block
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Qm F Lt Plot of Sandstone Petrographic Data
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QpLs Lv Plot of Sandstone Petrographic Data

n=23
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A f t e r  D i c k i n s o n  a n d  S u c z e c k ,  1 9 7 9 .
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Qm Pk Plot of Sandstone Petrographic Data
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provenances as the  sandstones p l o t  c l o s e r  to  the  Qm pole r e f l e c t i n g  the 

inc reased  ma tu r i ty  of  d e t r i t u s  from such sources .

Summary

Early cementation o f  th e  framework gra ins  i s  ind ica ted  by the  pe t ro -  

graphic  d e s c r ip t io n s .  This i s  r e f l e c t e d  in the  low number of  g ra in  to  

g ra in  con tac ts  and the high cement and matrix con ten t .

The modal analyses p resen ted  suggest t h a t  these  sandstones had t h e i r  

o r ig in  in a high quartzose  source developed in a s t a b l e  c r a to n ic  s e t t i n g .  

The sandstones cof the Moruga Group probably had t h e i r  provenance in a 

moderate to  quar tz  r i c h ,  recyc led  orogen and/or subduction orogen source.

Sandstones p lo t  somewhat anomalously on th e  Qm F Lt diagrams and i t

i s  not  c l e a r  what is the  provenance in d ica to r .  Mack (1984) suggested some 

exp lanations  fo r  the anomalous p l o t t i n g  of  modal composit ions on te rna ry  

diagrams. Mack proposed four  reasons why sandstone composit ions may p lo t  

anomalously:

- t r a n s i t i o n s  between t e c t o n i c  regimes;

- modif ica t ion of  sandstone composition by weathering and 

deposit ional  processes ;

- t e c to n ic  s e t t i n g s  unrepresented by sandstone pe t rograph ic  da ta ,

and,
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- s i g n i f i c a n t  p ropor t ions  of  carbona te ,  and r e l a t e d  g r a in s .  Of 

th e  above p o s s i b i l i t i e s  the  l a s t  two may be dismissed as 

c o n t r i b u to r s  to  anomalous p lo t t i n g  of  th e se  d a t a .  The regional  

t e c t o n i c  h i s to r y  o f  the  Southern Caribbean p l a t e  boundary suggests  

t h a t  the  Cenozocic was a time of  convergent r i g h t - l a t e r a l  motion, 

d ive rgen t  wrenching,  some subauction a c t i v i t y  cor  a combination of  

a l l  t h r e e .  Though not f u l l y  understood,  i t  i s  po s s ib le  t h a t  

t r a n s i t i o n s  between the se  t e c to n i c  s t y l e s  did  occur and might have 

a f f ec ted  sandstone composit ions.
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BURIAL PIAGENESIS OF THE MORUGA GROUP. SOUTH COAST. TRINIDAD

The purpose o f  t h i s  sec t ion  i s  to  eva lua te  the  d iagene t ic ,  thermal 

and maturat ion  h i s t o r i e s  o f  the  rocks o f  the  Moruga Group. The methods of  

eva lua t ion  chosen in  t h i s  eva lua tion  are organic geochemistry,  clay  

mineralogy and s t a b l e  iso tope  geochemistry.  I t  w i l l  al so  compare the 

d ia g e n e t i c  h i s to r y  o f  th e  outcrop to  a sequence pene t ra ted  in the  West 

Seg-1 well o f fshore  T r in idad .  The use of  the se  analyses in an area  where 

sedimenta t ion r a t e  was high,  and the  t e c t o n i c  s e t t i n g  complex i s  also 

t e s t e d .

The samples analyzed were both outcrop and well c u t t i n g s .  For 

organic geochemistry and clay  mineralogy an a t tempt was made to  s e l e c t  

only claystones /mudstones.  However, because o f  th e  very high percentage 

o f  s i l t  in  the s t r a t i g r a p h i c  s e c t i o n ,  s i l t s t c o n e s ,  muddy s i l t s t o n e s  or  

s i l t y  mudstones were o f ten  used. Study by iso tope  geochemical methods 

u t i l i z e d  samples of  sandstones and s i l t s t o n e s .

Methods o f  Analysis

( i )  Clay Mineralogy - Samples fo r  clay  mineral ana lys i s  were prepared as 

< 2 micrometer suspensions,  separa ted  by g ra v i ty  s e t t l i n g .  Some or iented 

clay specimens were prepared by f i l t e r i n g  o f f  < 2 micrcometer material  

onto a membrane f i l t e r  and then con tac t  t r a n s f e r r i n g  the  clay  onto a g la ss  

s l i d e  (Drever, 1973). Other clay  specimens were prepared by p ip e t t in g  

10-12 ml of  the  suspended clay  onto g la ss  s l i d e s  and al lowing the s l i d e  

to  dry in a i r .

190

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



X-Ray d i f f rac tog ram s  and measurements were made using a Siemens D-500 

and a P h i l l i p s  Model APD 3720 X-Ray d i f f r a c t i o n  system. Both used copper 

Ka r a d i a t i o n  in t h e i r  opera t ion .

X-Ray s p e c t r a  were c o l l e c t e d  f o r  each specimen a f t e r  the  fo l lowing 

t r e a t m e n t s :

a) a f t e r  a i r  d ry ing;

b) a f t e r  vapor s a tu r a t i o n  with e thy lene  g ly c o l ;

c) a f t e r  hea t ing  to  375°C fo r  t h i r t y  minutes;  and,

d) a f t e r  hea t ing  to  550°C f o r  one hour.

In some cases s t e p s  (c) and (d) were combined a t  the  MOBIL Laboratory in to

one t rea tm en t  which en t a i l e d  hea t ing  th e  c l ay  sample a t  400°C fo r  two

hours.

The peak areas  f o r  s e le c te d  basal  r e f l e c t i o n s  were measured as the  

product  o f  the  peak height  by the  f u l l  width a t  h a l f  maximum. The area  

used to  determine i 11i t e  content  was measured on the  8.9  degrees peak of  

the  g lyc o la te d  sample. The area  used fo r  i l l i t e / s m e c t i t e  was based on the 

inc rease  in the  8.9 degrees peak a f t e r  hea t ing  to co l lapse  the  expandable 

l a y e r s .  The area  of  the  12.4 degree k a o l i n i t e  plus c h l o r i t e  peak was 

apport ioned based on the  i n t e n s i t y  of  the  18.7 degrees c h l o r i t e  (003) 

peak.

Rela t ive  propor t ions  of  th e  c lay  mineral were determined using the  

th e o r e t i c a l  mineral i n t e n s i t y  f a c t o r s  (MIF's) ,  t h a t  are ca lcu la ted  using a 

computer program developed by Reynolds (1985).  The peaks and MIF's used 

are presen ted in the  following t a b u la t i o n :
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Mineral peak

8.9°

MIF

IlHte 2.00

I /S  (heated) 8.9° 2.00

K ao l in i te 1 2 . 0 ° 3.06

C h lo r i te 12.4° 5.00

The f r a c t i o n  of  smecti te  l a y e r s  in the  mixed-layer s t r u c t u r e  was 

determined using the  shape of  the  5.2 angstrom peak as compared to  

c a l c u la te d  d i f f r a c t i o n  p r o f i l e s .  Calculated d i f f r a c t i o n  p r o f i l e s  were 

based on a de fec t  and p a r t i c l e  s i z e  broadened s t r u c t u r e .

( i i )  Organic Geochemistry - Various techniques  have been developed to 

a ssess  the  petroleum p o te n t i a l  o f  sediments. Among the  most used 

Rock-Eval Pyro lys is  of organ ic  matter  developed by E s p i t a l i e  e t  al_., 

(1977).  This method involves  the  p rogress ive  heating of  pu lver ized  cores 

and/or  c u t t i n g s  to  550°C under an i n e r t  atmosphere. Pyro lys is  i s  probably 

the  b e s t  rou t ine  tool f o r  determining type and maturat ion of  organic  

m a t te r  a t  the  same time (T i s so t  and Welte, 1978). A dd i t iona l ly  the  

method i s  the  bes t  s imulat ion  of  bur ia l  condi t ions  a v a i l a b l e .

Approximately 100 mil l igrams of  washed, ground (60 mesh) whole rock 

sample was analyzed in the  Rock-Eval/TOC u n i t .  Organic r i c h  samples were 

analyzed a t  reduced weights  whenever the  S2 value exceeded 40.0 mg/g or  

TOC exceeded 10%. The opera t ing  parameters were as fo l lows:

- 300°C i n i t i a l  temperature isotherm fo r  5 minutes

- 25°C/minute temperature programming r a t e

- 600°C f ina l  temperature isotherm fo r  1 minute
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- 580°C ox ida tion  oven temperature

- 12 minute ox ida t ion  time.

( i i i )  S tab le  Isotope Geochemistry - powder samples of  th e  whole rock were 

prepared and washed with 1% sodium hypochlori te  s o lu t ion  to  remove organic 

m a t te r  and organic compounds which can i n t e r f e r e  with accura te  isotope 

r a t i o  de te rm ina t ions .  Carbon d ioxide was prepared from about 10 mg of the 

t r e a t e d  sample by re a c t io n  with 100% phosphoric acid a t  25°C. The carbon 

d ioxide was then analyzed using mass spectrometer  and da t a  were correc ted  

using a re fe rence  sample of  carbon dioxide prepared a t  t h e  same time.

Also oxygen iso tope  r a t i o s  were c a lcu la ted  to  compensate f o r  a d i f f e r e n t  

f r a c t i o n a t i o n  f a c t o r  f o r  acid decomposition which i s  assumed to  be t h a t  

f o r  pure dolomite.

The oxygen s t a b l e  isotope d a ta  was presen ted in PDB u n i t s .

Conversion to  SMOW uses the fo l lowing formula ( a f t e r  Friedman and O'Neil ,  

1977):

180 (SHOW) = 1.03086 (PDB) + 30.86

Clay Mineralogy: Background to  In v es t ig a t io n s

Clay minerals  are important c o n s t i tu e n t s  of  some sedimentary rocks 

and are the r e s u l t  o f  weathering during the sedimentary cyc le .  Because of 

t h e i r  small s iz e  and t h e i r  in t eg ra l  ro le  in many important  d iagene t ic  

r e a c t io n s  they are of  g rea t  i n t e r e s t  to  petroleum g e o l o g i s t s .
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The i T I i t e / s m e c t i t e  t rans format ion  has been noted as the major clay 

mineral t rans format ion  tak ing  p lace during bu r ia l  d ia g en es i s .  This change 

takes  p lace  v ia  a s e r i e s  o f  mixed l a y e r  i l l i t e / s m e c t i t e  in te rmedia tes  

(Hower, e t  a]. .,  1976). The t ransfo rm ation  o f  sm ec t i t e  to  i l l i t e  r e le a s e s  

l a rg e  amounts o f  water ,  s i l i c a  and o the r  ions a l l  o f  which may play 

important  r o l e s  in the  d iagenes is  of  shales  and ad jo in ing  sandstones .  The 

change r e q u i r e s  e i t h e r  th e  uptake of  potassium in i n t e r l a y e r  p o s i t i o n s ,  

and aluminum in t e t r a h e d r a l  p o s i t i o n s  (Hower e t  a]. .,  1976),  or the 

c a n n ib a l i za t io n  o f  Si02 shee ts  which e f f e c t i v e l y  in c re ase s  the t o t a l  l aye r

charge (Boles and Franks,  1979). S i l i c a  i s  r e le ased  in the  process and 

t h i s  may c o n t r ib u te  to  th e  formation o f  quar tz  overgrowths.  The 

i l l i t e / s m e c t i t e  t rans fo rm at ion  reac t io n  may be r ep resen ted  by the  

fol lowing ion ic  r ea c t i c o n :

4.5K+ + 8 Al3+ + Smecti te  — > I l l i t e  + 3 S i4+ + Cations + H20; (Hower 

e t  al_., 1976).

There i s  some in d i c a t i o n  t h a t  c lay  minera ls  play an important  ro le  in 

the formation of  petroleum from kerogen (Johns and Shimoyama, 1972; 

Golds tein,  1983). Fur ther  research  (Goldstein,  1983; Tannenbaum e t  al_., 

1986) support  t h a t  th e re  i s  a d i r e c t  r e l a t i o n s h i p  between %I in I /S ,  type 

of  order ing  and bur ia l  tempera ture .  The re a c t i c o n  fo l lows f i r s t  order 

k in e t i c s  and Weaver (1978) has demonstrated t h a t  ideas  are in c o n f l i c t  

with the  more recen t  work of  Ramseyer and Boles (1986),  Freed and Peacor 

(1989) and H i l l i e r  and Clayton (1989) which in d i c a te  t h a t  res idence  time 

a t  any given tempera ture and not the temperature i t s e l f  may be a more 

important c cons ide ra t ion  in the  smect i te  to  i l l i t e  t r an s fo rm a t ion .  The
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bur ia l  d i a g e n e t i c  r e a c t io n  of  which t h i s  t rans format ion  i s  a p a r t  i s  

s chem at ica l ly  r ep resen ted  as:

sm ec t i t e  - - ->  I /S  random (R=o) - - ->  1/S ordered (R=l) - - ->

I/S  ordered (R=3) - - ->  i l l i t e  (1M) - - ->  mica.

(Es l inge r  and Peaver,  1988).

During the  I /S  t ransformation  the fol lowing mineralogical  changes 

have been documented:

(a) Decrease in the  expandable la y e r s  o f  the  in t e r l a y e re d  c lay  

mixture ,  thus  sm ect i t e  was e i t h e r  absent  or  cons iderab ly  reduced below 

c e r t a i n  depths.  This  was often  manifested as an inc rease  in the  number of  

i l l i t e  l a y e r s  ( in  I /S)  from l e s s  than 20% to  g r e a t e r  than 80% over the 

depth range ;  Burst  (1959; 1959), Weaver (1967),  Perry and Hower (1970), 

Hower e t  al . . ,  (1975) and Boles and Franks (1979).  Boles and Franks (1979) 

have r e f e r r e d  to  t h i s  reac t ion  as " c a n n ib a l i z a t io n " '  o f  smect i t e  and 

rep resen ted  th e  r e a c t io n  as:

2.5 10 + s m e c t i t e  > 0.54 i l l i t e  + 15.7 Si4* + ca t ions  and water .

As a r e s u l t  of  t h i s  change the  expandab i l i ty  of I /S  should decrease 

as the  number of  expandable smecti te  l a ye rs  decrease .

(b) Decrease in k a o l i n i t e  as k a o l in i t e  becomes a source of  Al during the 

t rans form at ion  r e a c t io n .  This i s  represen ted  as :  4.5  K+ + 8 Al3+ +

s m e c t i t e  > i l l i t e  + 3 Si4+ + ca t ions  and water ,  (Hower e t  al . . ,

1975).
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This decrease  in k a o l in i t e  was a lso  repo rted  by Weaver (1957), 

van Moort (1971), H iltab rand  e t  a l .  (1973), Foscolos and Powell (1978) and 

Boles and Franks (1979).

(c) There i s  an a sso c ia ted  in c rease  in th e  c h lo r i t e  con ten t during the  

s m e c t i t e / i l l i t e  t ran s fo rm a tio n .  This has been documented by Weaver 

(1967, 1979), Perry and Hower (1970) and Hower e t  a l . , (1976).

In t h i s  study the  ro le  of c lay  m inerals  in deciphering the  bu ria l  

h i s to ry  o f  th e  T e r t ia ry  sedimentary basin  of sou theas t T rin idad was 

examined. In l i g h t  of ex tens ive  reworking o f  organic m a tter  i t  was 

thought t h a t  c lay s  may g ive a d d it io n a l  inform ation on changes undergone 

during b u r ia l  o f  th e  sequence.

Results

The fo llow ing ta b le  con ta ins  da ta  which was derived by the  methods 

p rev io u s ly  d esc r ibed .  The da ta  i s  used in  th e  upcoming d iscuss ion  and in 

drawing conclusicons regard ing  the  c lay  mineral assemblages encountered.

West Seg-1 Cuttings

Deoth 111 I/S %I** Kao Chi R

1130 19 44 53 37 1 0

1580 20 31 54 49 2 0
3170 27 31 56 42 1 0
4010 24 48 58 30 2 0
5570 20 42 53 38 1 0
5840 21 33 54 46 1 0
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6650 21 26 56 54 2 0

7400 25 30 58 45 3 0

8360 20 48 51 32 1 0

9380 30 36 59 34 1 .5

10070 23 50 52 27 2 1

10700 29 43 55 29 2 .5

11000 37 31 59 31 2 .5

11960 28 34 53 38 4 1

12260 26 47 54 27 3 1

12860 27 52 58 21 1 1

12890 29 41 55 31 2 .5

13580 31 42 55 27 2 .5

13940 28 37 57 34 2 .5

14780 38 36 59 27 2 1

15020 30 39 54 31 2 1

15170 37 34 57 28 2 .5

Averages 27 39 55 34 2

2) South Coast S t r a t ig r a p h ic  Section

Sample# 111 I/S %I** Kao Chi R

PC4 10 77 45 14 1 0

LL2 3 88 35 9 1 0

BH4 8 75 41 17 1 0

BH7 14 73 45 13 0 0

BH20 17 62 51 21 1 0

BH44 5 81 38 14 1 0

BH31 8 80 39 12 2 0

BH32 10 70 41 21 1 0

BH48 13 71 39 16 2 0

BH50 14 69 41 18 3 0

Averages 11 75 42 16 1
(*BCH28 21 50 29 1 44 0}
*BCH28 i s  an outcrop sample of the  palm iste Clay which i s  included
comparison.
** % r e f e r s  to  %1 in I /S .
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Clay Mineralogy: Discussion

Mudstones from outcrop and c u t t in g s  from th e  West Seg-1 well were 

analyzed. They c o n s is t  o f  m ixed-layer i l l i t e / s m e c t i t e ,  k a o l in i t e ,  

d i s c r e t e  i l l i t e ,  and a t r a c e  o f  c h l o r i t e .  This i s  a ty p ic a l  U.S. Gulf 

Coast c lay  mineral assemblage s im i la r  to  t h a t  described  by Burst (1959 & 

1969) and Hower, e t  a l . ,  (1976). There i s  some v a r i a b i l i t y  and

d i f f e re n c e s  between outcrop and subsurface  samples in the  following

r e s u l t s :

- percentage d i s c r e t e  i l l i t e

- percentage I/S

- percentage k a o lo in i te

- ex p an d ab il i ty  o f  i l l i t e / s m e c t i t e .

The fo llow ing t a b le  i s  included to  h ig h l ig h t  the  comparison and a l l  

numbers are  average percentages  and n i s  the  number o f  samples analyzed:

Supporting p a leon to log ica l  and palynologica l da ta  suggest t h a t  the  

outcrop sec tio n  along the south coas t  of T rin idad i s  o lde r  than the 

s e c t io n  encountered in  the  subsurface . I f  bu r ia l  of the  s t r a t ig r a p h ic  

s e c t io n  proceeded along a l i n e a r  pa th ,  and i f  indeed the  outcrop, sec tion  

was buried  as deeply as the  subsurface  se c t io n ,  then the  fo llow ing changes

r \ .  .a. f  l 1 \uu iCrOjj \ n —a  ;

%I in I/S  
K ao lin i te  
C h lo r i te

I l l i t e

I/S

11
75
42
16

1

27

39
55

34
2

198

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



would be expected, according to  perry  and Hower (1970) and Hower, e t  a]_., 

(1976):

- the  outcrop s e c t io n  should show a sm aller number o f  expandable 

sm ectite  l a y e r s ,

- th e  outcrop s e c t io n  should show a lower k a o l in i t e  con ten t ,

- the  outcrop should show higher c h lo r i t e  con ten t .

The type o f  in t e r l a y e r in g  in I/S  was examined. The methods used were 

those  o f  Srodon (1980) and Moore and Reynolds (1989). Srodon s t a t e s  th a t  

peaks between 5.3 and 8.7  tw o -th e ta  in d ic a te  o rde r ing ,  whereas Moore and 

Reynolds ind ica te  t h a t  a peak c lose  to  or approximating 5 degrees 

tw o-the ta  in d ica te s  random i n t e r s t r a t i f i c a t i o n  while a peak c lo se  to  6.5 

degrees tw o-theta  in d ic a te  some o rdering . This an a ly s is  proved to  be 

somewhat d i f f i c u l t  as th e  presence o f  small amounts o f  c h l o r i t e  may 

produce a small peak or shoulder in the  region o f 5 .5  and 6 .5  degrees 

tw o -th e ta .  This was considered  using the  d i f fe re n c e  between the  a i r  d ried  

and g lycolated  p a t t e r n s ,  as c h l o r i t e  w ill  not be a f fe c te d  by the  l a t t e r  

trea tm en t.  The a i r  d r ied  p a t t e r n s ,  however, showed a major broad peak in 

t h i s  region which separa ted  upon g ly co la t io n  and o f ten  produced a 

shoulder. I t  i s  th e re fo re  not c l e a r  whether t h i s  shou lder  i s  the  r e s u l t  

of c h lo r i t e  or i n t e r l a y e r in g .  The 002 and 003 peaks were th e re fo re  used 

according to  the  method o f  Moore and Reynolds (1989). The method of Moore 

and Reynolds (1989) uses th e  d if fe re n c e  between the  tw o - th e ta  values to  

es tim ate  the degree o f  o rder ing  and in d ic a te s  t h a t  a l l  samples in West 

Seg-1 below 8390 f e e t  probably have Reichweite numbers of .5 to  1 

in d ica t in g  minor ordering  with 50 to  60% i l l i t e  l a y e r s .  The outcrop 

samples showed l i t t l e  or no shoulder a t t r ib u t a b le  to  c h l o r i t e .  

Inves tiga tion  was thus  p o s s ib le  using both methods - the  peaks in the  5.5

199

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



to  6 .5  tw o -th e ta  range and th e  tw o - th e ta  d i f fe re n c e  between the  002 and 

003 peaks. This in v e s t ig a t io n  suggests  t h a t  th e  outcrop samples were a l l  

randomly i n t e r s t r a t i f i e d  w ith  35% to  50% i l l i t e  l a y e r s .  There i s ,  

t h e re fo re ,  no in d ic a t io n  o f  long period  of b u r ia l  which would e f f e c t  a 

g r e a te r  decrease  in  th e  number o f  expandable l a y e r s .

The percen tage o f  d i s c r e t e  i l l i t e  d i f f e r s  g r e a t ly  from well to  ou t­

crop. The averages a re  11% in outcrop versus 27% in  th e  subsurface.

There i s  a s l i g h t  in c re a se  in  the  con ten t o f  d i s c r e t e  i l l i t e  with depth in 

the  subsurface  (F igure  82).

Figure 82 in d ic a te s  a minor inc rease  in  th e  con ten t o f  d is c re te  

i l l i t e  with depth in  th e  West Seg-1 w e ll .  Boles and Franks (1979) and 

P o l la s t ro  (1985) documented a s im i la r  occurrence in  th e  Rocky Mountains 

and asc r ibed  t h i s  to  the  s e le c t iv e  c a n n ib a l iz a t io n  of sm ectite  la y e rs  to  

make a more i l l i t i c  I /S .  D isc re te  i l l i t e  i s  formed in  the  re a c t io n .  

P o l la s t ro  suggested t h a t  t h i s  mechanism would exp la in  m ineralogic changes 

in r e s t r i c t e d  or r e l a t i v e l y  closed geochemical systems, e g . ,  e a r ly  

cemented rocks w ith  low p e rm e a b i l i t ie s  and l i t t l e  or no potassium 

fe ld s p a r .  Ehrenberg and Nadeau (1989) suggested th a t  some i l l i t e  may be 

formed by r e a c t io n  o f  potassium fe ld s p a r  with k a o l in i t e  or by the 

a l t e r a t i o n  o f  micas. Hansen and Lindgreen (1989) a lso  suggested th a t  

d i s c r e t e  i l l i t e  may be formed by erosion  o f  l i g h t l y  weathered source 

rocks. Hansen and Lindgreen a lso  s t a t e  t h a t  i l l i t e  and I/S  becomes more 

abundant with in c re a s in g  d is ta n c e  from shore.
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K a o lin i te  i s  a major c o n s t i tu e n t  o f  th e  l e s s  than two micron f r a c t io n  

c o n t r ib u t in g  16% to  the  outcrop and 34% to  th e  subsurface s t r a t ig r a p h ic  

s e c t io n .  A p lo t  o f  percentage k a o l in i t e  a g a in s t  depth in the  West SEG-1 

well shows no smooth l i n e a r  r e la t io n s h ip ;  however, a b e s t  f i t  l i n e  

sugges ts  a decrease  in  th e  con ten t of k a o l in i t e  with depth (F igure 83). 

Such high k a o l in i t e  con ten t probably r e f l e c t s  a period o f  deep in ten se  

w eathering o f  l a t e r i t i c  horizons, (Biscaye, 1965).

I t  i s  in t e r e s t in g  to  note t h a t  th e  k a o l in i t e  content o f  th e  West 

Seg-1 well decreases  s l i g h t ly  w ith depth (F igure 83). This tren d  may 

in d ic a te  some k a o l in i t e  involvement in the  sm ectite  to  i l l i t e  

t r a n s fo rm a tio n .  This i s  p red ic ted  w ith in  th e  ideal bu r ia l  d ia g e n e t ic  

re a c t io n  o f  Perry and Hower (1978). As mentioned in the  previous 

paragraph t h i s  reac tico n  i s  a lso  not the  only explanation  fo r  a decrease 

in th e  k a o l in i t e  co n ten t .  However, to  what ex ten t  the  re a c t io n s  o f  Perry 

and Hower (1976) and Ehrenberg and Nadeau (1989) have occurred, i s  a 

m a tte r  f o r  f u r th e r  study. K a o lin i te ,  which i s  genera lly  formed from the  

e ro s ion  o fland  su rfaces  weathered in a semi-humid t ro p ic a l  c l im a te ,  may 

a lso  vary according to  d is ta n ce  from s h o re l in e .  Hansen and Lindgreen 

(1989) in d ic a te  t h a t  decreasing k a o l in i t e  con ten t probably r e f l e c t s  

g r e a t e r  d is ta n c e  from the  sh o re l in e .  The inc rease  in k a o l in i te  often  

r e f l e c t s  a h igher degree of proxim ity to  d e l t a i c  or sh o re lin e  f a c i e s ,  e g . ,  

during  d e l t a i c  p rogradation . This environmental in fluence upon k a o l in i t e  

con ten t  may be important because the  d e p o s it io n a l  model developed 

suggest an in t im a te  a sso c ia t io n  between a prograging d e l ta  and s h e l f -  

fansystem developed as sediment was mobilized and sedimented.
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The percentage o f  I /S  a lso  d i f f e r s  g r e a t ly  from well to  ou tc rop , with 

th e  average I /S  con ten t  o f  th e  well being 39% whereas t h a t  o f  th e  outcrop 

i s  75%. A p lo t  o f  depth a g a in s t  percen tage  i l l i t e / s m e c t i t e  (F igure 84) i s  

a s c a t t e r  o f  p o in ts  w ith no d e f i n i t e  t r e n d .  There i s  no marked v e r t i c a l  

v a r i a b i l i t y  in  th e  amount o r  type  o f  o rder ing  o f  i l l i t e / s m e c t i t e  in  e i th e r  

outcrop  or subsurface . During th e  r e a c t io n  s e r ie s  o f  Perry and Hower 

(1976) t h i s  m ineralog ic  phase becomes more i l l i t i c  with b u r ia l  or 

in c re a s in g  tem pera tu re .  A p lo t  o f  depth versus percent i l l i t e  in I /S  was 

th e re fo r e  examined to  in v e s t ig a t e  th e se  changes. This Figure 85, a t  bes t  

shows a minor in c rease  in percen tage  i l l i t e  la y e rs  in I /S  w ith depth in 

th e  West Seg-1 w e ll .  The high I /S  co n ten t  of the  outcrop samples i s  

d i f f i c u l t  to  eva lua te  and may be any one or a combinaticon o f  the  

fo llow ing  f a c to r s :  source c o n t ro l ,  d ep o s i t io n a l  or fa c ie s  c o n t ro l .  I t  i s  

a lso  p o ss ib le  t h a t  th e  outcrop and well s ec t io n s  experienced d i f f e r e n t  

b u r ia l  cond itions  or had d i f f e r e n t  sediment sources and th e  d i f f e re n c e s  in 

I /S  con ten t may be due to  th e se  p o s s i b i l i t i e s .

There i s  a tendency f o r  s p e c i f i c  tem peratures to  be assigned to  the  

sm ec t i te  to  i l l i t e  t ran s fo rm a tio n  (eg. Hower e t  a l . ,  1976). More rece n t ly  

Freed and Peacor (1989) have c r i t i c i s e d  t h i s  tendency and provided 

evidence fo r  v a r i a b i l i t y  in  th e  tem perature  o f  the  sm ectite  i l l i t e  

r e a c t io n .  They have provided severa l f a c to r s  as pco ss ib le  c o n t r ib u to r s  to  

t h i s  v a r i a b i l i t y .  The sediments in th e  West Seg-1 well were exposed to  

tem pera tu res  o f  a t  l e a s t  50°-60°C (see d iscuss ion  o f  Geothermal G radients 

in  next s ec tio n )  which i s  lower than e a r l i e r  suggested tem pera tu res .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



■3

•4

■5

■6

•7

-8

&

-13

-1 4

-15

-1 6
4 2

lllite/Sm ectlte ( % )
F ig u re  84 . D ep th  v s  l/S  C o n te n t,  W e s t S e g -1 .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



De
pt

h 
(fe

et
 - 

th
ou

sa
nd

s)

-10

-11

-1 3

-14
-15
-16

595 75 55351

Illite ( % )

Figure 85. D epth  v s  % Illite in I/S, W est Seg-1

j
I

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Recent p u b l ic a t io n s  have suggested th a t  re s id en ce  times a re  more 

im portant than ab so lu te  tem pera tu res ,  Ramseyer and Boles (1986), Freed and 

Peacor (1989) and H i l l i e r  and Clayton (1989). Bruce (1984) concluded th a t  

the  geologic  age o f  th e  sediments i s  not im portant to  th e  c o n tr ib u tio n  of 

time o r  tem perature in  th e  sm ectite  to  i l l i t e  t ra n s fo rm a tio n .  Ramseyer 

and Boles have shown t h a t  res idence  time a t  a given tem perature  was the  

d r iv in g  fo rce  behind th e  sm ectite  to  i l l i t e  tran s fo rm a tio n  in  Miocene 

sediments o f  th e  San Jaoquin Basin.

Given th a t  th e  evidence suggest t h a t  the  sm ec t i te  to  i l l i t e  t r a n s ­

formation has begun. Could i t  be t h a t  time and not tem perature  was the  

most im portant f a c t o r  in  producing th e  assemblage encountered, and; i s  i t  

p o ss ib le  t h a t  the  sec t io n  p ene tra ted  in  West Seg-1 has been buried  fo r  a 

longer period o f  time? A re c o n c i l i a t io n  of th e  time versus  temperature 

argument i s  beyond th e  scope of t h i s  study, mainly because th e re  i s  l i t t l e  

evidence and con tro l to  co n s tra in  th e se  two v a r i a b le s .  I t  i s  d i f f i c u l t  to  

say i f  the  i n i t i a l  I /S  con ten t of the  o lder outcrop s e c t io n  was s im ila r  to  

th a t  encountered in the  subsurface . I t  however appears to  be c le a r  th a t  

source i s  a major f a c to r  in  the  apparent c lay  mineral com positions. Given 

th a t  th e se  sediments have not been exposed to  adequate thermal s t r e s s ,  i t  

i s  d i f f i c u l t  to  a ssess  the  degree to  which th e  sm ec ti te  to  i l l i t e  t r a n s ­

formation has p rogressed .

Since south T rin idad  emerged in the Late Pliocene i t  may be expected 

th a t  th e  outcrop s e c t io n  has been a t  su rface  o r  near su rface  tem peratures 

fo r  a longer period  of tim e. I t  should th e re fo re  be expected th a t  some of 

the rough d ia g en e t ic  t re n d s  observed in the  subsurface  w ill  not be p resen t 

in outcrop.
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The t re n d s  which a r i s e  out o f  th e se  in v e s t ig a t io n s  are  gene ra lly  

u n re la te d .  There i s ,  however, evidence t h a t  c lays  in  th e  subsurface have 

experienced th e  onset o f  bu r ia l  metamorphism. There i s  some d if fe re n c e  in 

the  percen t i l l i t e  la y e rs  in I /S  between outcrop  and subsurface . This 

might be in d ic a t iv e  o f  (a) a d ife ren ce  in th e  b u r ia l  h is to ry  o f  the 

outcrop and subsurface  se c t io n s ,  (b) a d i f f e re n c e  in  th e  compositions of 

th e  s t a r t i n g  m a te r ia ls  in  both se c t io n s  (eg. Braide and Huff, 1982) and,

(c) f a c to r s  which have in h ib i te d  the  sm ec t i te  to  i l l i t e  transfo rm ation  

(eg. e a r ly  cem entation, Foscolos and Powell, 1980 and P o l la s t ro ,  1985).

K a o l in i te  i s  tw ice as abundant in the  subsurface  than in outcrop. 

There i s  a s teep  decrease  in th e  k a o l in i t e  con ten t with depth in th e  West 

Seg-1 w e ll .  This decrease  does not p a r a l l e l  th e  very minor in c rease  in 

the  pe rcen t  i l l i t e  la y e rs  with depth in  th e  same w e ll .  The much la rg e r  

v a r ia t io n  in  k a o l in i t e  content with depth must th e re fo re  be explained 

o therw ise . I t  i s  p o ss ib le  t h a t  the  k a o l in i t e  v a r ia t io n  i s  co n tro l le d  by 

d ep o s it io n a l  o r  provenance f a c to r s .  C h lo r i te  i s  a minor c o n s t i tu e n t  of 

both outcrop and the  subsurface se c t io n s .  I t  i s  unc lear  what ro le  i f  any, 

d id c h l o r i t e  have in  any rea c t io n s  which might have occurred as th e re  i s  

no v a r ia t io n  in c h l o r i t e  content with depth (F igure 85).

The d a ta  in t h i s  study in d ic a te s  th a t  the  c lay  mineral assemblage 

encountered cannot be explained s t r i c t l y  by in f e r r in g  a s e r ie s  of bu ria l  

d ia g e n e t ic  re a c t io n s .  I t  can be concluded th a t  th e  observed mineralogy i s
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a fu n c tio n  o f  various  f a c to r s .  To what e x ten t  each fa c to r  has con tr ibu ted  

may form th e  su b jec t  o f  f u r th e r  re se a rc h .  Modal analyses o f  outcrop 

samples in d ic a te d  a very  low potassium fe ld s p a r  content (approximately 

3%). Was th e  la ck  o f  potassium a l im i t in g  f a c to r ;  or was th e  la ck  of 

adequate b u r ia l  fo r  a long enough time more important? To what e x te n t  did 

both c o n t r ib u te ?  Given the  p resen t d a ta ,  i t  seems l ik e ly  th a t  source and 

dep o s it io n a l  c o n t ro ls  played a much g r e a te r  p a r t  than buria l  metamorphism 

in gen era tin g  th e  c lay  mineral s u i t e s  encountered. The low thermal 

g ra d ie n t  d id  not g r e a t ly  a f f e c t  c lay  mineral transform ations  in South 

T rin idad .

Organic Geochemistry: Background to  In v e s t ig a t io n s

The d a ta  obta ined  from Rock Eva! p y ro ly s is  are  by d e f in i t io n  the  

fo llow ing :

During bu ria l  (d iagenes is )  t ransfo rm a tion  o f  organic m a tte r  takes  

p lace  in response to  increased tem perature and thermal s t r e s s .  This 

transfo rm a tion  i s  a na tu ra l consequence o f  the  organic m atter proceeding 

toward equ ilib r ium  (T isso t  and Welte, 1978).

Diagenesis involves f i r s t  th e  breakdown o f  biopolymers (by 

biochemical d eg rada tion ) ,  then a s e r ie s  o f  polycondensation rea c t io n s  

before  the  formation o f  kerogen (a geopolymer). This process ends a t  

about Ro=0.5.
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The next s tag e  in th e  b u r ia l  sequence i s  c a tag en es is  (ending a t  R0=2) 

during which th e re  i s  thermal degrada tion  o f  kerogen to  form o i l  and gas 

o f ten  with a carbon res id u e  (T isso t  and Welte, 1978).

The f in a l  s tage  during b u r ia l  evo lu tion  of o rgan ic  m atter  i s  

metagenesis which proceeds up to  and probably above R0=4. This s tage

inc ludes  ca rb o n iza tio n  and corresponds to  th e  s em i-an th rac i te  and 

a n th ra c i t e  s tag es  o f  coal form ation .

SI: (M illigrams o f  hydrocarbons per gram of rock . To convert to  

ppm x 1000). This i s  a measure o f  th e  f re e  hydrocarbons p re sen t  in the  

whole rock sample, and only those  hydrocarbons which vaporize up to  

approximately 330°C are  inc luded . The technique used to  ev a lu a te  SI 

values fo r  p o te n t ia l  o i l  s ta in in g  i s  to  convert to  ppm and d iv ide  by to t a l  

o rganic  carbon (TOC). Contamination by o i l  s ta in in g  may lead to  

anomalously high values o ften  g r e a te r  than 1. SI measures the  f r a c t io n  of 

the  o r ig in a l  g e n e t ic  p o te n t ia l  which has been e f f e c t iv e l y  converted in to  

hydrocarbons, (T isso t  and Welte, 1978).

S2: These are  th e  hydrocarbons which r e s u l t  from the  cracking of 

kerogen and high m olecular weight f re e  hydrocarbons which do not vaporize 

in the  SI peak. Generally heav ie r  f re e  hydrocarbons which vaporize or 

crack  a t  h igher tem peratures than those reached during the  SI phase.

These re p re se n t  th e  re s id u a l  g en e t ic  p o te n t ia l  which has not y e t  been used 

to  genera te  hydrocarbons. The value o f  S1+S2, expressed in kilogram /ton 

of rock i s  an eva lua tion  of the  g en e t ic  p o te n t ia l  o f  the  source rock,
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(T isso t  and Welte, 1978). S2 values are converted to  ppm by 

m u l t ip l ic a t io n  by 1000.

S3: The m illigram s o f  o rganic  carbon d ioxide per  gram of rock. The 

value a lso  includes oxygen from water generated during th e  breakdown of 

organic m a tte r .  S3 va lues  may be a f fe c te d  by weathering and mineral 

m atrix  in t e r a c t io n .  G enerally , S3 values g r e a te r  than 200 are  anomalously 

high and may o r  may not be v a l id .

A c l a s s i f i c a t io n  o f  source rocks based on th e  g e n e t ic  p o te n t ia l  (sum 

of SI and S2) has been suggested (T isso t  and Welte, 1978):

- lower than 2000 ppm - no o i l  source rock but some gas 

p o t e n t i a l ;

2000-6000 ppm - moderate source rock;

- above 6000 ppm - good source rock.

TOC - weight percen t o f  carbon (expressed as mg o f carbon per 100 mg

of whole rock ) .  The TOC value i s  composed o f  two f r a c t io n s :  a pyrolyzable

f r a c t io n  rep resen ts  the  hydrocarbons a lready  generated (SI) and the 

p o te n t ia l  to  generate  hydrocarbons (S2). The re s id u a l  f r a c t io n  (S4) has 

no p o te n t ia l  to  genera te  hydrocarbons. The TOC i s  th e re fo re  the 

normalized po ten tia l  p lus the  normalized res idua l and i s  given by:

TOC = K (SI + S2)/10 + S4/10;

where k = .83 (an average carbon con ten t o f  hydrocarbons by atomic 

w eight).
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HI - The hydrogen index i s  th e  normalized hydrogen con ten t of the  

source rock sample. Kerogen type inform ation i s  de r ived  from t h i s  value 

as Type I kerogens are  hydrogen r i c h ,  Type I I I  kerogens a re  hydrogen poor, 

and Type I I  kerogens a re  in te rm ed ia te  between Type I and Type I I .  HI 

decreases  as th e  sample matures.

HI = S2 x 100/T0C

HI < 150 in d ic a te s  Poor p o te n t ia l

HI=150-300 in d ic a te s  Type I I I  (g a s /o i l  prone)

HI= 300-600 in d ic a te s  Type I I  ( o i l / g a s  prone)

HI > 600 in d ic a te s  Type I (o i l  p rone).

01 - The oxygen index i s  th e  normalized oxygen con ten t of a rock 

sample. In kerogen typ ing  Type I I I  kerogens g e n e ra l ly  have higher oxygen 

in d ice s  than e i t h e r  Type I o r  Type I I  kerogens. HI i s  however the major 

d isc r im in a t in g  f a c t o r  in  kerogen type .

01 = S3 x 100/T0C

Van Krevelen Diagrams - th e se  a re  p lo t s  o f  th e  Hydrogen Index aga in s t  

the Oxygen Index. The p lo t s  r e s u l t  in a grouping o f  the  organic  m atte r  

according to  t h e i r  composition and t h e i r  evo lu tion  p a th s .  Some authors 

have argued t h a t  o rgan ic  m a tte r  derived  from s im i la r  d epos it iona l 

envirorm ents fo llow  th e  same p a th s .  T is s o t  e t  al_., (1974).

The kerogens are  c l a s s i f i e d  as:

Type I with a high i n i t i a l  H/C r a t i c o ,  mainly l i p i d s  and a l ip h a t i c  

cha in s ,  low in  polyarom atic  nuclei and he teroarom atic  bonds, these  are o il  

prone. High l i p i d s  may be the  r e s u l t  of s e le c t iv e  accumulation of algal
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m atte r  o r  th e  severe  b iodegradation  o f  organic  m a tte r  during d ep o s i t io n ,  

(T isso t  and Welte, 1978).

Type I I  with high H/C r a t i o s  and low 0/C r a t i o s ,  carboxy lic  groups 

and e s t e r  bonds are  abundant. Sulphur con ten t i s  a lso  h igh. Though these  

w il l  g ive a lower y ie ld  o f  co i l  they may produce commercial o i l  sh a le s ,  

(T isso t  and Welte, 1978).

Type I I I  w ith a low i n i t i a l  H/C r a t i o  and a high 0/C atomic r a t i o ,  no 

e s t e r  groups, ketones and carboxy lic  a c id ;  are  common, derived  from land 

p la n ts  and has i d e n t i f i a b l e  vegetal d e b r is .  This type o f  kerogen i s  gas 

prone, (T is s o t  and Welte, 1978).

Tmax maximum evolu tion  o f  S2 hydrocarbons. Tmax values are

a f fe c te d  by low organ ic  m a tte r  con ten t where low broad S2 peaks are 

encountered. When th e  S2 value le s s  than 0.50, Tmax values are  not

r e l i a b l e ,  (T r is s o t  and Welte, 1978). Tmax values may be a f fec ted  by the

presence o f  heavy, f r e e  hydrocarbons in the S2 peak which may cause the  

Tmax value to  be anomalously low (>400°C). Also, Tmax values may be

a f fe c te d  by reworked organic  m a tte r  which may cause them to  be anomalously 

high (>500°C). R e l iab le  Tmax values may be c o r re la te d  with R0 values and

may be used to  c l a s s i f y  source rocks as follows:

430°C Immature (R0 <0.60)

430-465°C Oil Window (R0 [0 .6 0 -1 .4 0 ] ) .

465°C Gas Window (RQ > 1 .40 ).
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The above forms th e  background a g a in s t  which th e  d a ta  was 

in te rp r e te d .

R esu lts

The r e s u l t s  o f  the  Rock Eval A nalysis  o f  th e  o rgan ic  m a tte r  obtained 

from outcrop and subsurface samples a re  p resen ted  as an appendix.

Presented here are  van Krevelen p lo t s  o f  th e  oxygen and hydrogen index 

d a ta ,  F igures 87 (subsurface  da ta)  and 88 (outcrop d a t a ) .  Due to  the  very 

high oxygen index (>200) read ings obta ined  fo r  most samples they were o f f  

th e  sc a le  used in  p lo t t in g  th e  d a ta .  Figure 89 i s  a p lo t  o f  TMAX aga ins t 

depth f o r  th e  West Seg-1 w e ll .

Visual Carbonization Estimates

During the  examination o f  palyno log ic  samples observa tions  on the  

v isua l e s t im a tes  of ca rbon iza tion  were made (Andrew Lamy, 1989, 1990). 

These da ta  are  presented here:

Visual Carbonization es t im a tes  (West Seg-1)

Depth Kerogen H/C Generating Wt % H/C
(in  f e e t )_______ Type___________P o ten t ia l__________C________ Type

860-3765
4040-6830

7050-7350
8600
9200-10700
10900
11300-11810
12300-15230

S tru c t . pre-Gen

Early Gen. 75

Dry Gas
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Visual Carbonization Estimates (Outcrop Samples)

Sample Kerogen H/C Generating Wt. % H/C
Nos._________ Type_________ Poten ti  al______________C____________Type

BH 2-50 S t ru c t .  Early Gen. 75 % Dry Gas

PC 4-8 " "

I I O II II II II

Basin Modelling Experiment

Data from the  West SEG-1 well was subjected  to  an experiment using 

th e  BASINMOD program. BASINMOD's primary function in  t h i s  study i s  to  

c o n s tru c t  a bu ria l  h is to ry  model. For the  purposes o f  c o n s tru c t in g  t h i s  

model th e  p roportions  o f  the  bas ic  l i th o lo g ic a l  components had to  be 

s p e c i f i e d .  The thermal co n d u c t iv ity  parameters of th e  l i th o lo g y  so 

c rea ted  i s  then averaged and an es tim ate  crea ted  f o r  th e  new l i th o lo g y .  

The program i s  based on a k in e t ic  model which u t i l i z e s  v i t r i n i t e  

r e f le c ta n c e  data  and thermal conduc tiv ity  data  to  c o n s tru c t  a bu ria l  

h is to ry  p r o f i l e .  The da ta  used i s  presented below:

Depth Log Temp. Ss/sl/m s Age

1550-5150' 100-120°F 70/10/20 P l e i s t .

5150-7800' 155°F 60/20/20 L. P l io .

7800-8800' 177°F 70/10/20 L. P l e i s t .

8800-12250' 177-200°F 65/10/25 L. P l io .

12250-15230' 210-245°F 70/15/15 L. E. P lio

An estim ation  of the  sandstone/s iI ts tone/m udstone  r a t i o  was made from 

c u t t in g s  and e l e c t r i c  log c a lc u la t io n s .  The ages used were derived 

through the use of palynology in t h i s  study, and the  tem peratures  were
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obtained from e l e c t r i c  well logs .  A thermal g ra d ie n t  o f  10°F adopted from 

Leonard (1983) was used in  t h i s  experiment.

Organic Geochemistry: Discussion

The main ob se rv a tio n s  on th e  presented da ta  are  l i s t e d  below:

a) The sediments a re  low in to t a l  organic m a tte r  con ten t,

b) A very high percentage o f  th e  organic m a tte r  has been reworked,

c) The Oxygen Index fo r  the  outcrop samples in d ic a te  l e s s  weathering 

than well samples ( ! ) ,

d) TMAX values  a re  high, however S I, S2 and TOC values are low.

Total Organic Carbon

These va lues  are  again q u ite  low and r e f l e c t  poor organic m atter 

con ten t o f  the  samples and t h e i r  poor source p o t e n t i a l .  As a r e s u l t  of 

the  tremendous amount of reworking p resen t in T rin idad  samples, i t  appears 

t h a t  TOC values repo rted  and based on Rock Eval p y ro ly s is  are  

unacceptable , as they are  based on in s u f f i c i e n t  measurable m a te r ia l .  The 

sediments c l a s s i f y  as inadequate source rocks!

SI & S2

These in d ic a to r s  a lso  suggest t h a t  the  s tud ied  sec tio n  i s  low in 

organic m a tte r  and does not have good or marginal source p o te n t i a l .  SI 

values g r e a te r  than 1 are  in d ic a t iv e  of good source rocks however a l l
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values rep o r te d  a re  much l e s s  than 1. All samples show very poor source 

p o te n t ia l  w ith  re s p e c t  to  S2. These d a ta  suggest t h a t  th e re  i s  very 

l i t t l e  f r e e  the rm ally  e x t r a c ta b le  hydrocarbons w ith in  th e  se c t io n ,  th a t  

th e  g e n e t ic  p o te n t ia l  i s  poor and t h a t  th e  o rganic  m a tte r  content i s  low 

thus  not a f fo rd in g  much kerogen to  be cracked during p y ro ly s is .  The data 

thus  suggest t h a t  th e  TMAX values rep o r te d  a re  not accep tab le  and are 

p o ss ib ly  th e  r e s u l t  o f  reworked organic m a tte r .  F u rther ,  high TMAX values 

along w ith low SI, S2 and TOC s tro n g ly  in d ic a te  reworking.

TMAX Values

TMAX values in d ic a te  th a t  th e  sedimentary sequence encountered along 

th e  south coas t  and in  the  subsurface  of southern  o ffsh o re  Trinidad in 

g e n e ra l ly  immature or t h a t  the  sediments are  w ith in  the  gas window. A 

p lo t  (F igure  89) of th e se  values a g a in s t  depth roughly in d ic a te  t h a t  TMAX 

values decrease  with depth . This i s  indeed th e  opposite  to  the  expected 

tren d  i f  th e  assumption i s  t h a t  th e se  values in c re a se  with depth or with 

p ro g ress iv e  thermal s t r e s s .  TMAX values obta ined from t h i s  data  s e t  are 

unacceptable  as in d ica te d  by the  very low S2 v a lu es .  T h is ,  th e re fo re ,  

p recludes  t h e i r  use in  making more d e f i n i t e  s ta tem ents  on le v e ls  of 

m a tu r i ty  and hydrocarbon p o te n t ia l  o f  th e  s tud ied  s e c t io n .

Geothermal G radients

In th e  West Seg-1 well o f f  the  south e a s t  coas t o f  Trin inad a bottom 

hole tem perature  o f  140°F was rep o r ted .  Compensation c o r rec t io n s  using
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th e  Horner p lo t s  c o r re c ts  th e  bottom hole tem perature to  170°F, (F e r t l  and 

Wichmann, 1977). This suggests  a very low geothermal g ra d ie n t  o f  approx i­

mately 8°F/1000 f t  - a f ig u re  which c lo se ly  approximates the  10°F/1000 f t  

c a lc u la te d  by Leonard (1983). Other da ta  ( v i t r i n i t e  r e f le c ta n c e  measure­

ments o f  s e le c te d  horizons in T rin idad) not presented  here supports  t h i s  

very low thermal g rad ie n t  and p resen ts  a v i t r i n i t e  r e f le c ta n c e  g ra d ie n t  of 

.l/iR^/lOOO f t .  Both these  f ig u re s  suggest a very low thermal s t r e s s

g ra d ie n t  f o r  southern T rin idad .

Leonard (1983) a lso  noted very low g rad ie n ts  in t h i s  p a r t  o f  the  

basin  and suggested th a t  they  may be accounted fo r  by the  high 

co n d u c t iv i ty  of the  sand -r ich  southern T rin idad  s t r a t i g r a p h ic  se c t io n  and 

th e  rap id  r a t e  o f  sed im entation .

Oxygen Index-Hvdrogen Index P lo t

Van Krevelen diagrams ( fo r  both outcrop and subsurface) which p lo t  

the  hydrogen index ag a in s t  the  oxygen index in d ic a te  th a t  Type I I I  organic 

m a tte r  i s  the  predominant type . This suggests  th a t  i f  a th i c k  sec t io n  is  

encountered (to  compensate fo r  low TOCs) a t  depth such a se c t io n  w ill  be 

gas prone. The gas window should be encountered somewhere below 18,000 

f e e t  ( the  suggested end o f  th e  o i l  window in T rin id ad ) .  At t h i s  depth a 

bottom hole temperature of approximately 240°F-250°F should be encountered 

to g e th e r  with approximately 1.8%R0.

Also very few data  p o in ts  are  p lo t te d  on the  van Krevelen diagram as 

the  sc a le s  do not allow fo r  the  very high oxygen ind ices  encountered.
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This i s  indeed a m a n ifes ta t io n  o f  the  in tense  reworking and/or weathering 

undergone by these  sedim ents . Reworking and rap id  d ep o s it io n  o f  sediments 

in th e  T rinidad region appear to  be a major f a c to r  in  most geologic 

c o n s id e ra t io n s .  The outcrop s e c t io n  showed some horizons with very la rg e  

amounts o f  reworked and resedimented organic m a tte r .  I t  may be envisaged 

t h a t  t h i s  s i tu a t io n  i s  more widespread than thought. Lamy (p e rs .  comm., 

1990) p o in ts  out t h a t  t h i s  i s  indeed the  s i tu a t io n  a t  many T e r t ia ry  

horizons, eg. the  Lizard Springs formation where organic r ic h  horizons 

(thought o f  as l i g n i t e )  have been tran sp o r te d  over g re a t  d is ta n c e s .

BASINMOD

The a v a i la b le  m a tu r i ty  and tem perature da ta  was matched by a model 

which used a heat flow value o f  0 .9  u n i t s .  The model involved four events 

with th e  ages, tops ,  th ic k n e sse s  and l i th o lo g ie s  i l l u s t r a t e d  in Figure 90. 

The model in d ic a te s  t h a t  th ru s t in g  began 500,000 years  ago. The 

sediments penetra ted  in  West SEG-1 are  p red ic ted  to  be e a r ly  mature a t  

t o t a l  depth 15,230 and, peak o i l  i s  p red ic ted  to  occur deeper than the 

to t a l  depth encountered a t  West SEG-1.

A ca lcu la ted  b u r ia l  p r o f i l e  (Figure 91) i l l u s t r a t e s  the  bu ria l  path 

and supports  the  conclusions  above.

Iso tope Geochemistry: Background and Theory

In using s ta b le  iso topes  a goal was to  o f f e r  some prelim inary  

in s ig h ts  in to  the d ia g e n e t ic ,  thermal and maturation h i s to r i e s  of Early
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Pliocene sediments on the  south coas t  o f  T rin idad .  These in v e s t ig a t io n s  

are  in tended to  supplement th e  da ta  obtained from c lay  mineralogy and 

organic geochemistry.

Studying oxygen and carbon iso topes  give inform ation on the  

d ia g e n e t ic  o r ig in  o f  cements and au th igen ic  m inera ls .  E sp ec ia l ly  in the  

case o f  oxygen, system atic  t ren d s  in  180 / 160 r a t i o s  suggest t h a t  

s i g n i f i c a n t  tem perature inform ation can be derived  up to  and o f ten  in 

excess o f  500°C. Oxygen iso topes  are  as a r e s u l t  good geothermometers.

The advantage o f  oxygen as a geothermometer i s  t h a t  i t  i s  not p ressu re  

s e n s i t i v e ,  (Hoefs, 1980). In c o n t ra s t  to  oxygen iso to p e s ,  th e  equ ilib rium  

f r a c t io n a t io n  of carbon iso topes  i s  l e s s  tem perature  s e n s i t i v e ,  (Reeder, 

1983). Various au thors  have devised mechanisms whereby th e se  iso topes  are 

inco rpora ted  in to  th e  chem istry of au th igen ic  m inera ls ,  and t h e i r  models 

show boundaries, marked by d e f i  m t s  i so top ic  com positions, (eg. Milliman, 

1974). Carbon iso topes  are  o f  tremendous use in  e s ta b l i s h in g  th e  o r ig in s  

of carbonate  cements and de r iv ing  inform ation on the  paleogeochemistry of 

the  w ater co n d i t io n s ,  (Hoefs, 1980, and Reeder, 1983).

Hudson (1975), Irwin and C urtis  (1977), Dickson and Coleman of events 

occurring  w ith in  b u r ia l  p r o f i l e s .  These events  are summarized and 

p resen ted  as a s e r ie s  of zones based on Irwin and C u r t i s ,  (1977).

Zone I - A zone o f  b a c te r ia l  o x ida tion ,  where very l i g h t  carbonates 

dominate. This zone is  a lso  cha rac te r ized  by i s o to p ic a l ly  l i g h t  oxygen;
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Zone II  - where b a c t e r i a l  reduct ion  of  su lphate  occurs and i s o to p i -  

c a l l y  l i g h t  carbon i s  genera ted.

Many au thors  be l ieve  t h a t  meteoric waters  a re  very important in the 

formation of  vo lum e t r i ca l ly  important c a l c i t e  cements within Zones I and 

I I .  Hudson (1975), however, be l ieves  t h a t  deep buria l  d iagenes is  i s  the  

major f a c t o r  in th e  formation of  such l a rg e  volumes of  cements. Hudson 

argues (using minor changes in i so to p i c  composit ions) th a t  due to  the  f a c t  

t h a t  "during d iagenes i s  marine carbona tes  gene ra l ly  become l i g h t e r  in 

carbon i s o to p ic  composit ion".  Many au thors  mistake these  cements f o r  

cements which have o r ig in a ted  in shallow bur ia l  condi t ions .  Maynard 

(1983) be l ieves  t h a t  marine carbonates ,  eg.  s k e le t a l  and inorganic 

carbona tes ,  range from -2 to  1+ per mi l ,  and t h a t  Zones I and II by 

incorpora t ing  t h i s  carbonate produce l i g h t  C02 within the uppermost

sediment column, with an apprec iab le  p ropor t ion  of  biogenic carbon which 

i s  much l i g h t e r  -20 to  -25 per  mil in modern sediments.

Zone I I I  - t h e  zone o f  b a c t e r i a l  fe rm enta t ion ,  where the re  i s  a 

change to  i s o t o p i c a l l y  heavy carbon, about +15 (Maynard, 1983). The base 

of  t h i s  zone marks the  onset  of  the in f luence  of  thermal maturat ion of  

organic m a t te r .  These th ree  zones are th e re f o r e  influenced by b a c t e r i a l  

or  b i o t i c  processes ,  and may range from 0 to  1000 meters depth and 0 to  

30°C.

Zone IV - i s  a major zone of a b i o t i c  processes and a major zone of 

organic maturat ion processes ,  eg. thermal decarboxylat ion.  Rates of
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r e a c t io n s  in  t h i s  zone r i s e  with tempera ture and then decrease as s u i t a b l e  

molecules f o r  cracking are dep le ted .

Resu l t s

This t a b l e  p resen ts  the  oxygen and carbcon i s o to p i c  composit ions of  

two samples from the  West SEG-1 well and twelve samples from the outcrcop 

s e c t io n .

Sample ID ,3C 100 fPDBl ion /cMninV/ \ oa avll 1

WSEG-1 2780 -6.6 -1 .7 29.11

WSEG-1 8420 -4 .0 -1 .6 29.21

Outcrop BH5 1.8 -2 .7 28.10

BH9 -15.8 -10.6 19.90

BH10 2.4 -5 .7 24.90

BH12 7.0 -8 .0 22.60

BH15 -9.2 -2 .4 28.39

" BH18 -14.2 -7 .2 23.40

BH25 -14.0 -5 .8 24.90

BH28 -5 .8 -9 .3 21.30

BH33 -9.1 .6 26.10

BH35 -7.7 -7 .1 23.50

BH38 -11.5 -8 .3 22.30

BH58 -14.7 -8 .4 22.20

* These samples contained up to  50% s i d e r i t e  and were th e re fo re  omitted 

from the i s o to p i c  cons idera t ions  with regard to  oxygen. This i s  because
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t h e  f r a c t i o n a t io n  r e l a t i o n s h i p  between s i d e r i t e  and phosphoric acid during 

sample prepara t icon  i s  not well def ined ,  (Maynard, 1983).

Isotope Geochemistry: Discussion

A p lo t  of  carbon i s o to p i c  composition versus oxygen i s o to p i c  

composition shows no r e l a t i o n  between carbon and oxygen va lues ,  sugges t ing 

a complex d iagene t ic  h i s t o r y .  The da ta  however suggests  t h a t  e a r ly  

cementation was a very important  p rocess .  All of  the  samples are 

i s o t o p i c a l l y  l i g h t  in oxygen compared to  seawater ,  but carbon i s  sometimes 

heav ie r  and sometimes l i g h t e r  than primary marine carbona tes .

The l i g h t  samples (nega t ive  13C values)  probably der ived p a r t  of  

t h e i r  carbon from ox ida tion  of  organic matter  during ea r ly  d ia g en es i s ,  but 

p r i o r  to  the formation o f  the  methane fermentat ion  cements. The s e t  of  

l i g h t  carbon samples (negat ive  C va lues)  does define  a rough t r en d  on the  

carbon versus oxygen p l o t  (Figure 92);  a p lo t  t h a t  suggests  primary marine 

carbonate as one end-member. With increas ing  d iagene t ic  in f luence ,  the 

composition moves to  l i g h t e r  carbon (more organic in fluence)  and l i g h t e r  

oxygen (more meteoric i n f lu e n c e ) .

Samples BH18, BH25, BH28, BH33, BH36, BH38 and BH58 show i s o to p ic  

compositions which suggest  t h a t  carbonates were derived from d iagenes is  of 

organic carbon, whereas oxygen was e i t h e r  derived from meteoric ( f r e s h ­

water)  water (Maynard, 1983) or  high temperature (deep b u r i a l )  d iagenes i s .  

Another p o s s i b i l i t y  i s  t h a t  such l i g h t  oxygen i s o to p ic  composit ions may be 

the  r e s u l t  of  r e - e q u i l i b r a t i o n  with present  meteoric water  a f t e r  u p l i f t .
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Carbon i s  both heav ie r  and l i g h t e r  than primary carbonates .  The 

t h r e e  heavy samples ( p o s i t i v e  13C values)  probably der ived t h e i r  C during 

e a r l y  d ia genes is  v ia  th e  methane fermentat ion r e a c t io n .  The p o s i t i v e  or  

heavy carbon va lues  a re  i n d i c a t i v e  of  heavy carbon produced during 

fermenta t ion .  This t h e r e f o r e  suggest  shal lcow cementation condi t ions  in 

zones l e s s  than  1000 me ters .  Sample BH9 with va lues  of  -10.6 and 15.8 for  

oxygen and carbon r e s p e c t i v e l y  span a tempera ture range from fermentat ion 

to  bur ia l  deca rboxy la t ion .

Byers (1977) suggested  t h a t  the le ve l  of  oxygenation with in  the 

sediment can be deduced from th e  degree of  laminat ion  of  organic r ich  

sha les .  This i s ,  however, not  app l icab le  in th e s e  samples because the 

l a r g e r  propor t ion  o f  organic  m a t te r  was reworked and resedimented.  The 

leve l  of  p re s e rv a t io n  does not  r e f l e c t  the  primary d e p o s i t i o n a l , b io logic  

and geochemical cond i t ions  with in  the sediment column.

These samples a re  g e n e ra l ly  iron r i c h  with th e  r e s u l t  t h a t  s i d e r i t e  

i s  l o c a l ly  developed.  I t  i s  poss ib le  t h a t  th e  source of  t h i s  iron could 

be the smect i t e  to  i l l i t e  t ran s fo rm a t ion ;  however, t h i s  process has 

occurred only to  a l im i t e d  ex ten t  in the se  sediments.

The da ta  presen ted  here suggest t h a t  c a l c i t e  cements encountered 

in the  sandstones from south Tr in idad are p r im ar i ly  the  r e s u l t  of  ea r ly  

cementation and b u r i a l ,  under the  in f luence  o f  meteoric  waters  and 

biogenic gases .  The l i g h t  numbers way also i n d ic a te  some minor influence 

from l a t e  s tage  cementat ion which may have occluded secondary poros i ty  and 

microporosi ty o r ig in a te d  dur ing decarboxyla t ion .
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LATE FARY PLIOCENE OFFSHORE - ONSHORE RELATIONSHIPS

The Late Ear ly  Pliocene o f  the  Subsurface Offshcore Trin idad

The se c t io n  descr ibed  here begins a t  12,300 f e e t  and ends a t  15,236 

f e e t  TD. This s e c t io n  was determined to  be the  top o f  the  Late Early 

Pliocene o f  the  subsur face .  Though seismic  p r o f i l e s  in d i c a te  t h a t  the 

rocks of  t h e  south coas t  s t r a t i g r a p h i c  s ec t ion  are t o  be encountered 

deeper than  th e  t o t a l  depth of  the  West SEG-1 well t h i s  s ec t ion  wil l  be 

descr ibed s ince  i t  was determined to  be Late Early Pliocene  in age - 

s im i la r  t o  the  south coas t  s t r a t i g r a p h i c  s e c t i o n .  The south coas t  

l i t h o l o g i e s  should in an undeformed sequence be encountered below 12,300 

f e e t ,  in th e  subsurface  of  the  Columbus Basin.

The subsurface  sec t ion  (determined from well logs  and c u t t in g s )  i s  

comprised o f  t h i c k l y  bedded s i l t y  sandstones and sandy s i l t s t o n e s .  

Occas ional ly t h i c k l y  bedded sandstones occur.  These th i c k ly  bedded un i t s  

may be up t o  70 f e e t  t h i c k .  The sec t ion  shows very l i t t l e  or no mudstone. 

Examination of  c u t t i n g s ,  geophysical well logs and mud logs ind ica te  t h a t  

the i n t e r v a l  in the  subsurface i s  on the  average comprised of  

approximately 45% s i l t s t o n e ,  20% mudstone and 35% sandstone.  See 

Figure 93, which i l l u s t r a t e s  the in t e r p r e t e d  s t r a t i g r a p h y  and l i tho logy  

encountered in the  West SEG 1 well .

Geophysical well logs in d ica te  t h a t  t h e r e  were some problems 

completing the  hole ,  probably due to  caving in and unconsolidated 

sediment.
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FIGURE 93:  GROSS L ITHOLOGICAL INTERPRETATION AND SAMPLE

LOCATI  ON, WEST S E G - I , T R I N I  DAD, W. I .
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Relationship Between Outcrop and Subsurface: Palvnoloqic and Seismic

Evidence and I n t e r p r e t a t i o n .

By combining seismic and palynologic  evidence the two sequences 

s tud ie d  were placed in t h e i r  c o r r e c t  s t r a t i g r a p h i c  p o s i t io n s .

Two seismic  l i n e s  provided an oppor tuni ty  to  cons t ruc t  a c o r r e l a t i o n  

(geoseismic c ross  s ec t ion )  between the two sequences s tudied  (Figure 94).  

When coupled with palyno logica l  da ta  an even more accura te assignment i s  

p o s s ib le .

P a lyno log ica l ly  th e  outcrop sec t ion  along the south coas t  was 

determined to  be of  Late Early Pliocene age.  In the West SEG-1 well the  

uppermost l a t e  Early Pliocene sediments were encountered a t  12,300 f e e t  

depth.  Sediments of  t h i s  age p e r s i s t e d  to  TD 15,236 f e e t  and probably 

beyond. This da ta  suggest  t h a t  the  outcrop sec t ion i s  equiva lent  to  the 

sec t ion  encountered in the  West SEG-1 well below 12,300 f e e t .

Seismic da ta  in d i c a te  t h a t  the  steep dips of  the outcrop sect ion 

p e r s i s t s  in to  the  subsurface f o r  some d is ta n ce  offshore before f l a t t e n i n g  

out .  These da ta  al so  suggest t h a t  the  south coas t  Moruga Group s t r a t i ­

graphic  s ec t ion  i f  t r aced  on th e  seismic l i n e s  wil l  be encountered a t  

depths g r e a t e r  than the  t o t a l  depth (15,236 f ee t )  of  the West SEG-1 w ell .

The West SEG-1 well was terminated  within the Las Tablas S i l t  which 

forms th e  top of  the Late Early Pliocene sequence. The seismic p r o f i l e s  

a l so  i n d i c a te  t h a t  the  rocks of  Pliocene and Ple is tocene  ages o f f  the
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south and south e a s t  coas t  o f  Tr in idad  are a s e r i e s  o f  well bedded, often 

channelled u n i t s .  These channels are very broad,  low amplitude scours,  

ty p ica l  of  submarine fans  r a t h e r  than deeply cut  and well defined  " f luv ia l  

type" channels .

The channels or  " channe l - l ike"  f e a tu r e s  observed on the seismic 

t r a c e s  (Line C p a r a l l e l  to  the  southern  c o a s t l in e )  a re  observed with in  the 

Las Tablas s i l t .  These very broad,  low amplitude channels  or  scours pass 

l a t e r a l l y  in to  well bedded, l a t e r a l l y  continuous e l a s t i c s  which appear as 

s trong  r e f l e c t o r s .  Line 78MT94 runs normal to  Line C and shows a 

northward progradat ional  sequence toward the  southern Trinidad shore.  

Progradational  sequences are the  case in both the  Las Tablas S i l t  and the 

underlying T r i n i ty  H i l l s  sands tone.  This i s  f u r t h e r  evidence f o r  the  

northward progradat ion o f  the  depos i t iona l  system, during l a t e  Early 

Pliocene time.  The northward l i n e  ends about two ki lometers  from the  south 

coas t  in a s e r i e s  of  s t e e p ly  d ipping,  well bedded c l a s t i c  rocks which dip 

seaward in a sou ther ly  d i r e c t i o n ,  and which show up as r e l a t i v e l y  strong 

r e f l e c t o r s .

Seismic l i n e s  a l so  show a s e r i e s  of  normal f a u l t s  (poss ib ly  sediment 

load r e l a t e d )  which become younger eastward and in the  process may be 

respons ib le  fo r  t h i c k e r  P le i s tocene  sediment covers moving eastward within 

the  bas in .

The present  p o s i t i o n s  of  the se  two sequences are the r e s u l t  of  u p l i f t  

and s t r u c t u r a l  involvement poss ib ly  r e l a t e d  to the T e r t i a ry  evolut ionary 

s tage  of  the  southern Caribbean P la te  Boundary. These events  probably 

involve the  Los Bajos Wrench Fau lt  System and more importantly  the
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nor thw es t -sou theas t  t rend ing  normal f a u l t s  in the  o f f shore  area .  Clay 

mineralogy and organ ic  geochemistry (discussed in another  s ec t ion )  suggest 

t h a t  though o lde r  th e  onshore l i t h o l o g i e s  have probably experienced l e s s  

thermal s t r e s s  than the  West SEG-1 rocks.  This i s  probably th e  r e s u l t  of  

d i f f e r e n t i a l  bu r ia l  as soc ia ted  with f a u l t i n g  and u p l i f t .

S t ru c tu ra l  Impl ica t ions

In t h i s  well the  presence of  a major unconformity i s  confirmed by 

palynology.  This unconformity occurs a t  the  base of  th e  P le i s tocene  

sequence (5050 f e e t )  as the  Late P le i s tocene  r e s t s  d i r e c t l y  upon the  Late 

p l iocene ,  in d i c a t i n g  absence o f  the  Early P le i s tocene  and poss ib ly  some 

Late Pliocene s t r a t a .

The pa lynolog ic  da ta  derived  from the  West SEG-1 well a l so  ind ica ted  

r e p e t i t i o n  of  Late P le i s tocene  sec t ion  sugges t ive of  reverse  f a u l t i n g .  

Evidence f o r  t h i s  th ru s te d  r e l a t i o n s h i p  i s  ind ica ted  by the  two sidewall 

cores taken a t  8500 f e e t  and one a t  10,900 f e e t .  Sidewall core 8600 A 

shows a reworked f l o r a  and in d i c a te s  some f a u l t i n g ,  whereas sidewall core 

8600 B conta ins  a f l o r a  which ind i c a te s  some r e p e t i t i o n  of  sequence as a 

Ple is tocene  f l o r a  i s  presen t  in a p a r t  o f  the  sequence which i s  apparently  

of  Pliocene age. The sidewall core taken a t  10,900 f e e t  al so  encountered 

sediments of  Late P le i s tocene  age ind ica t ing  t h r u s t  f a u l t i n g .

Some evidence of  f a u l t i n g  may be ind ica te d  by the  da ta .  The exact 

lo c a t io n  of  the se  f a u l t s  i s  not apparent .
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The major importance o f  t h i s  s ec t ion  t o  the  d i s s e r t a t i o n  i s  t h a t  new 

data  i s  provided on the  ages of  the se  sediments.  These ages have long 

been the  s u b je c t  of  many debates .  Previously  the  sediments have been 

ascr ibed  Miocene ages (eg.  Michel son, 1976),  based on s t r a t i  graphic 

r e l a t i o n s h i p s  in o th e r  p a r t s  o f  the  Southern Basin and the subsurface.

The new da ta  p resen ted  here i s  t h e re fo re  an inva luable  and new 

co n t r ib u t io n  t o  the  s t r a t i g r a p h y  and geologic  h i s to ry  of  Trinidad and the  

East Venezuela T e r t i a r y  Basin.
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BASIN ANALYSIS AND CONCLUSIONS

Deposit ional  Model

Thick marine sedimentary and vo lcan ic  sequences accumulated in 

northern Venezuela and Tr in idad  dur ing Late J u r a s s i c  and Cretaceous time 

(B e l l ,  1972). A per iod o f  reg iona l  metamorphism and orogenes is  followed 

along with the  a s s o c ia t e d  formation o f  f ly sch  troughs which rec ieved  l a rg e  

masses o f  t u r b i d i t e  sands u n t i l  e a r l y  Eocene. By Middle Eocene convergent  

r i g h t  l a t e r a l  wrench t e c t o n i c s  a s s o c ia t e d  with  the  r e l a t i v e  motions of  the  

Caribbean and North American p l a t e s  began along the southern boundary of  

the Caribbean p l a t e  (Bertrand and Ber t rand ,  1985). This s ty l e  of  

t e c t o n i c s  continued and was i n t e n s i f i e d  during the  Oligocene.  That wrench 

t e c t o n i c s  might not  have been as important  as suggested was in d ica te d  by 

Bass inger (1971).  D i f f e r e n t i a l  motion a s soc ia ted  with the  above t e c t o n i c  

regime might have led  to  the  formation of  several  s tructomorphologic a reas  

(Persad,  1979) of  which the  southern  Tr in idad  sedimentary basin i s  an 

example. This bas in provided a t e c t o n i c a l l y  ac t ive  depocenter  f o r  l a rg e  

volumes of  sediment to  be depos it ed  from th e  prev ious ly  u p l i f t e d  areas  of  

South America. Tectonic f a c t o r s  caused r e l a t i v e  sea leve l  f a l l s  during 

which l a rg e  volumes of  d e t r i t u s  were supp lied  to  the bas in.

By Early Pliocene  time the  n o r th e r ly  prograding,  ances t ra l  Orinoco 

Delta deposi t ed  l a rg e  volumes o f  sediment in the  Northern 

Venezuela/Columbus Basin Area. The South Coast s t r a t i  graphic sec t ion  was 

deposit ed  in an open marine probably ou te r  s h e l f  envirorment,  by t u r b i d i t y  

c u r re n t s  which developed on the  f r o n t  of  the  northward prograding d e l t a  

system. The presence of  p lan t  d e b r i s  and a t e r r e s t r i a l l y  derived f l o r a

239

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



suppor t  the  in f lu x  o f  d e l t a i c /  te r r igenous  sediments in to  the deposit ional  

bas in .

The Late Early Pliocene depos it iona l  episodes with in t h i s  basin 

occurred  dur ing  periods  o f  lowstands of  sea l e v e l ,  during which the  

Orinoco Del ta  prograded onto th e  s h e l f  a rea ,  thus  t r a n s p o r t in g  more 

sediment onto the  s h e l f .

Large area l  ex ten t  of  the  sandstone lobe f a c i e s  a s s o c ia t io n s  suggest 

analogy with elongate high e f f i c i e n c y  (Mutt i ,  1979, 1985), Type 1 

t u r b i d i t e  systems. The overa l l  coarsening up p a t t e rn s  observed suggest 

t h a t  th e  sequence grew e s s e n t i a l l y  as a r e s u l t  o f  progradat ion .  

Development of  such la rge  volume t u r b i d i t e  systems (M ut t i ' s  high 

e f f i c i e n c y ,  Type 1) appears to  requ i re  prograding mud-rich r i v e r  d e l t a  

sources .  Such ideas are in congruence with the  suggestion t h a t  the 

Orinoco Delta was a c t iv e  along the southern margin of  the  depos it ional  

b a s in .  In view of the  la rg e  vcolumes of  mater ia l  resedimented on the 

s h e l f ,  the  major r i v e r  system feeding the  Orinoco Delta must have drained 

an ex tens ive  area  of  land.

The t u r b i d i t e  system d i f f e r s  from c l a s s i c  models as th e re  are no 

in d i c a t o r s  of  po in t  sources ( eg.  canyons) which funnel led  sediment in to  

bas ina l  s e t t i n g s ,  but cons iders  a l i n e  source along which viscous shee ts  

f lows of  sand, s i l t  and mud were moved down the d e l t a  f r o n t .  Simi lar  

models have been re c e n t ly  descr ibed  in the  l i t e r a t u r e  (Chan and Dott,  

1983, and Helle r  and Dickinson,  1985). The model of  H el le r  and Dickinson 

(1985) i s  p re fe r red  fo r  the sediments of  the Moruga Group along the south
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coas t  o f  Tr in idad ,  as i t  invokes a d e l t a - f e d  submarine ramp s e t t i n g  fo r  

s im i l a r  sequences.

Progradation o f  the  Orinoco Delta provided l a rg e  volumes of  f a i l u r e  

prone sediment f o r  resed im enta t ion .  Sediment p i l e  i n s t a b i l i t y  and seismic 

events  as soc ia ted  with an evolving and t e c t o n i c a l l y  a c t i v e  basin 

remobil ized la rg e  volumes o f  sediment derived from the  d e l t a  top and d e l t a  

f ro n t  a reas .  The assoc ia ted  t u r b i d i t y  cu r ren t s  were highly  viscous,  

dense,  g rav i ty  dr iven  s l u r r i e s  which moved rap id ly  down th e  d e l t a  s lope 

and onto the  ou te r  s h e l f  and upper s lope  a reas .  Widespread occurrence of  

f l u i d i z a t i o n  s t r u c t u r e s ,  con torted  bedding and synsedimentary ptygmatic 

fo ld ing ,  suggest  t h a t  slumping and sediment p i l e  f a i l u r e  were respons ib le  

f o r  the  movement cof  a l a rg e  p a r t  o f  the  sediment mass (Figure 95).

The widespread presence of  HCS ( trunca ted  wave r i p p l e s )  wi th in  the 

sequence, in a s s o c ia t io n  with the  s u i t e  of  sedimentary s t r u c t u r e s  

encountered and the  v e r t i c a l  and l a t e r a l  v a r i a t i o n  of  f a c i e s ,  suggest t h a t  

t h i s  s t r u c t u r e  (commonly as soc ia ted  with storm a c t i v i t y )  may r e s u l t  from 

processes other  than purely o s c i l l a t o r y  flows genera ted  by storms.

I t  i s  proposed here t h a t  HCS may al so  r e s u l t  from the  remobi l iza t ion  

o f  the  upper l a y e r s  of  plane beds, probably by lo c a l i z e d  o s c i l l a t o r y  

cu r ren ts  as v e lo c i ty  decreases .  Whether o s c i l l a t o r y  c u r ren t s  are 

necessary fo r  the  formation of  HCS, i s  a p e r t i n e n t  ques t ion  which a r i s e s .  

The c lose  r e l a t i o n s h ip  between upper flow regime plane beds and trunca ted
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wave r i p p l e  laminat ion (HCS) led  to  m odi f ica t ion  of  th e  widely accepted 

Bouma sequence.

Provenance

The sandstones of  th e  Moruga Group, along the  south coas t  o f  Trinidad 

have been c l a s s i f i e d  p r im ar i ly  as subarkoses and s u b l i t h a r e n i t e s  in the  

c l a s s i f i c a t i o n  schemes o f  P e t t i jo h n  e t  a l . ,  (1972) and Folk, (1978). When 

an a d j e c t i v a l  p r e f ix  i s  used to  desc r ib e  the  cementing mater ia l  these  

sediments are ap p ro p r ia te ly  c l a s s i f i e d  as ca lcareous  subarkcoses and 

ca lcareous  s u b l i t h a r e n i t e s .

The chemical ma tu r i ty  o f  the  Late Early Pliocene  sandstones of  the 

south coas t  of  Tr inidad i s  h igh l igh ted  by modal ana lyses  and provenance 

s t u d i e s .  The framework modes suggest  t h a t  th e  d e t r i t u s  had a recyc led 

orogen provenance and more s p e c i f i c a l l y  was derived  from a c o l l i s i o n  

orogen source with probably some inpu t  from a subduction complex source.  

High qua r tz  conten t  i s  genera l ly  sugges t ive  o f  ex tens ive  t r a n s p o r t  and 

weathering which, o v e r a l l ,  produces a more mature sand.

The an g u la r i ty  and f reshness  of  g ra in s  p resen t  in the south coas t  

Trin idad  sandstones however, suggest t h a t  t r a n s p o r t  d i s t a n c e s  were not 

very long,  or  a l t e r n a t i v e l y ,  t h a t  the sands were t r anspo r te d  in a fashion 

which prevented ex tens ive  abras ion of  g r a in s .  P o t t e r  (1978) considered 

the  p o s s i b i l i t y  t h a t  some rounding may be due to  so lu t io n  in s a p r o l i t i c  

s o i l s  or  even in mature s o i l s  developed in al luvium in a r i v e r ' s  lower 

v a l l e y  and d e l t a .  I t  t h e re fo re  appears t h a t  a long res idence  time in such 

environments was not the  case fo r  these  Early Pliocene sandstones.  This
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descr ibed  f re shness  i s  common to  qua r tz ,  f e ld s p a r  and mica g r a in s .  As 

d iscussed  in  the  e a r l i e r  sec t ion  on d e t r i t a l  g r a in s ,  t h e r e  are a l so  few 

g ra in s  t h a t  show rounding and o the r  s igns  of  reworking,  resed imen ta t ion  

and weathering as in the  case of  f e ld s p a r .  This may r e f l e c t  more than one 

source and the  low percentage of  reworked g ra in s  s t rong ly  suggest  t h a t  

t h e r e  might have been reworking o f  o ld e r  sedimentary rocks .

The d e t r i t u s  thus  derived was not  exposed to  ex tens ive  weathering and

in d i c a t i o n s  a re  t h a t  the  framework g r a in s  were cemented and deposit ed  

r e l a t i v e l y  soon a f t e r  e ros ion .  The low fe ld s p a r  conten t  i s  probably a 

r e f l e c t i o n  of  source composit ion,  but i s  more l i k e l y  the  r e s u l t  o f  

chemical weathering and the e f f e c t i v e  removal o f  l a b i l e  c o n s t i t u e n t s .  The

only forms of  a l t e r a t i o n  eviden t  in the  fe ld s p a r s  are mild s e r i c i t i z a t i o n  

due to  weathering and, d iagene t i c  a l t e r a t i o n  due to  replacement by 

c a l c i t e .

An a l t e r n a t i v e  i n t e r p r e t a t i o n  however i s  t h a t  th e se  sands are 

m u l t i - c y c le  sands which have undergone m ul t ip le  cycles  of  a t r a n s p o r t i n g  

agent and depos i t iona l  environment. This i n t e r p r e t a t i o n  must however 

ignore the  r e l a t i v e  angu la r i ty  of  the  g ra ins  d iscussed  above. Johnsson 

e t  a l - ,  (1988) suggest  t h a t  r e l a t i v e  degrees of  roundness and a n g u la r i ty  

are not n e c e s s a r i l y  good c r i t e r i a  to  d i s t i n g u i s h  between f i r s t -  and 

m u l t i - c y c le  sands.  The presence of  rounded quar tz  g ra in s  with and wi thout  

overgrowths th e re fo re  becomes p o t e n t i a l l y  important  in a d iscuss ion  of  

m u l t i - c y c l i c i t y .  In these  rocks however, the  f i n e r  quar tz  g ra in s  were 

ge n e ra l ly  more angular  and l e s s  l i k e l y  to  be in t e rp r e t e d  as m u l t i -c yc le  

g r a in s .
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I t  i s  important t o  cons ide r  th e  fo l lowing scheme (Figure 96) of  

Johnsson e t  jH . ,  (1988) while a r r i v i n g  a t  a poss ib le  source fo r  the  rocks 

found on T r i n id a d ' s  south c o a s t .  As suggested by t h i s  scheme South 

American s u b l i t h a r e n i t e s  are th e  r e s u l t  o f  rap id  t r a n s p o r t  and eros ion  of  

Andean source rocks which are  t y p i c a l l y  p e l i t i c  sediments,  metamorphic 

eq u iv a le n t s ,  g r a n i t i c  p lu tons  and f e l s i c  gne i s se s .  The South Anerican 

subarkoses on the  o th e r  hand are  th e  r e s u l t  o f  rap id  erosion and t r a n s p o r t  

o f  g r a n i t i c  p lu tons,  f e l s i c  gne i s ses  (mafic gneisses )  and o r th o q u a r t z i t e s  

found on th e  Guyana Sh ie ld .

The heavy mineral s u i t e  i n d i c a t e s  t h a t  the  sandstones were derived  

from a mixed igneous and metamorphic source t e r r a i n .  Zircon,  tourmaline,  

hornblende,  s t a u r o l i t e  and c h l o r i t o i d  in d i c a te  a high rank metamorphic 

t e r r a i n .  Zircon,  tourmaline ,  r u t i l e  and hornblende may al so  be found in 

a c id ic  and in termedia te  igneous rocks .  Garnets may be derived from 

igneous and metamorphic rocks and t i t a n i t e  i s  i n d i c a t i v e  of  acid and 

in te rm ed ia te  p lu ton ic  igneous rocks .  S t a u r o l i t e  and c h l o r i t o i d  are 

however the  most d ia g n o s t ic  metamorphic minerals  found. C hlor i to id  

occurs in micaceous s c h i s t s  and p h y l l i t e s ,  while s t a u r o l i t e  and garne t  may 

be common minerals  in p h y l l i t e s ,  s c h i s t s  and gne isses .

The heavy mineral assemblage i s  th e re fo re  in d i c a t iv e  of  a mixed 

source t e r r a i n  which cons is ted  of  two rock types  (a) a low to  medium grade 

metamorphic rock and, (b) an in te rm edia te  to  ac id ic  igneous rock.
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Figure 96. Model for the Production of First-Cycle Quartz Arenites 
in the Orinoco Drainage Basin



A ddi t iona l ly ,  th e  determined ZTR index of  48-53% in d ic a te s  moderate 

minera logic ma tu r i ty  of  the  sediments.

Compositional and pa leocurren t  s tud ie s  of  sandstone in southern 

Tr in idad  suggest  t h a t  the se  sediments were derived  from source rocks of  

th e  Pre-Pliocene Andes and Guyana Sh ie ld .  Fur ther  ana ly s i s  of  these  

composit ions suggest  t h a t  the  d isc r im ina t ion  o f  f i r s t -  and m ul t i - cyc le  

q u a r t z - r i c h  sands i s  an exceedingly d i f f i c u l t  t a sk .  Johnsson e t  a l . ,

(1988) have shown t h a t  previous c r i t e r i a ,  eg. t h a t  of  P e t t i john  e t  a l . , 

(1972),  are in v a l id  in making these  d i s t i n c t i o n s .  At l e a s t  one component 

of  the  sandstones from southern Trinidad i s  m u l t i - c y c le  as suggested by 

rounded quartz  overgrowths and sedimentary l i t h i c  fragments.

Paleontology

The sequence encountered in both well s  West SEG-1 and GBM-1 appear to  

be of  s im i l a r  age. In the  GBM-1 well l im i t in g  fauna includes the  

fol lowing p lanktonics :

G loboro ta l ia  limbata 

G loboro ta l ia  d u t e r t r e i  

G loboro ta l ia  conglobatus 

Sphaero id ine l la  deh isc ins  (?)

Considered toge ther  these  planktonic fo ramin i fe ra  in d i ca te  an age 

range within the Neogene Planktonic Foraminifera Biozones N19-N21, with 

G loboro ta l ia  1imbata being the l i m i t in g  spec ie s .  The age range ind ica ted
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by th e s e  forams i s  t h e r e f o r e  Pliocene.  Be (1977) and Boll i  e t  a l . ,  (1987)

assigned a s i m i l a r  age t o  the se  fo ram in i fe ra .

Using benthonic fo ram in i fe ra  a b e t t e r  refinement o f  the 

b i o s t r a t i g r a p h y  i s  p o s s i b l e .  Buliminella  1/2 i s  i n d i c a t i v e  of  zone N19 in

the  Gulf o f  Mexico. This zone (N19) i s  of  Ear ly  Pliocene age.

The fo ra m in i fe ra l  assemblage in the West SEG-1 well al so  suggest an 

Early Pliocene age.  The common foram in i fe ra l  l i n k  between the  two wells  

i s  Bulimine lla  i n d i c a t i v e  of  zone N19 in the  Gulf of  Mexico (Flugeman 

p e r s .  comm., 1990).

P a lv n o s t r a t i  graphv

Twenty-four s idewal l  core samples (1550-12500 f e e t )  and twelve 

c u t t i n g  samples (850-15230 f e e t )  from the Amoco West SEG-1 w ell ,  offshore 

South Tr in idad ,  and n ine teen  outcrop samples from the South coas t  

s t r a t i g r a p h i c  se c t io n  were analyzed fo r  palynologic con ten t .  Palynomorph 

occurrence in d i c a te d  ages of  Late Early P liocene,  Late Pliocene and Late 

P le i s tocene  through the  s tud ied  in te rva l  in th e  West SEG-1 wel l ,  and Late 

Early Pliocene through th e  s tudied outcrop s t r a t i g r a p h i c  s ec t io n .  Both 

s ec t io n s  were s im i l a r  in  t h a t  they contained numerous reworked f o s s i l s  

ranging in age from Early Cretaceous to  Early Pliocene .  Reworking of  

f o s s i l  ma t te r  i s  an important  f a c t o r  a f f e c t i n g  i n t e r p r e t a t i o n s  of 

T r i n id a d ' s  b i o s t r a t i g r a p h y .  This i s  c l e a r ly  documented in the l i t e r a t u r e .  

That t h i s  i s  so d i c t a t e s  t h a t  persons studying T r in id a d ' s  s t r a t ig rap h y  

should draw upon in formation from mul t ip le  sources in support of  t h e i r  

f in d in g s .
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Palynologic  d a ta  was only a v a i l a b l e  fo r  the  West SEG-1 well and the 

outcrop along the  south coas t  from Galeota Point  to  P t .  Curao. The 

pa lynologic an a ly s i s  presen ted here i s  only r e l e v a n t  t o  these  two 

s ec t io n s .

( i l  West SEG-1

860-5050 Feet :  Late P le i s tocene

The presence o f  A ln ip o l l e n i t e s  verus and R e t i t r i c o l p o r i t e s  so. 

(Avicennia Type! in a s soc ia t ion  with Comoositae s o . . E c h i t r i p o r i t e s  s p . , 

P s i l a t r i p o r i t e s  sp. in d ica te  a Late P le i s tocene  age (Lamy, 1985). These 

sediments apparen tly  l i e  unconformably upon the  underlying Late Pliocene 

sediments ( the  Early P le i s tocene  miss ing) .

5250-73501. 9200-10700. 11300-11810 F e e t : Late Pliocene

The presence of  B ives icu la te  s p . . and the  absence o f  A ln ip o i len i te s  

v e rus . in  a s s o c ia t io n  with Grimsdalea maqnaclavata. Pachvdermites 

a i e d e r i x i , E ch ipe r ipo r i te s  e s t e l a e , Cyantheacidi tes  annu la ta , Comoositae 

s p . . Bombacacidites c i r i l o e n s i s , in d i c a te  a Late Pliocene age (Lamy, 1985 

and Muller e t  1987).

12300-15230 Feet:  Late Early Pliocene

The presence of  Comoositae, Ambrosia type and the  absence of  

B ives icu la te  so.  in a s soc ia t icon  with E c h i t r i c o l p o r i t e s  m c n e i l l y i ,
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Clavamonocolpites s p . , F e n e s t r i t e s  s p . , Polvadpppl len i tes  mariae , 

Chenoppdipollis  m u l t ip l e x , Compositae sp.  P s i l a t r i c p l p p r i t e s  c a r i b b i e n s i s , 

M aq n a s t r i a t i t e s  g rand iosus , F e n e s t r i t e s  sp inosus , S t r i a s v n c o lp i t e s  

zwaardi , M u l t i a r e p l i t e s  formpsus i n d i c a t e  a Late Early PIieocene age 

(Lamy, 1985 and Muller e t  al_., 1987).

( i ) South Coast S t r a t i g r a p h ic  Section

This s ec t ion  outcrops from Galeota Point  west along the  south coas t  

t o  P t .  Curao.

The presence o f  Comoositae. Ambrosia Type and the  absence of  

B iv e s icu la te  s p . , in a s so c ia t io n  with E c h i t r i c o l p i t e s  m c n e i l l y i , 

M a q n a s t r i a t i t e s  g rand iosus , Clavamonocolpites sp.  (Po lyadopo l i in i te s  

m aria) ,  S t r i a s v n c o lp i t e s  s p . ,  Comoositae s p . , F e n e s t r i t e s  sp inosus , 

S t r i a s v n c o lp i t e s  zwaardi . M u l t i a r e o l i t e s  formosus, F e n e s t r i t e s  s p . , 

Chenopol ipoll is  m ul t ip lex  in d ic a te s  a Late Early Pliocene age (Lamy, 1985 

and Muller e t  al_., 1987).

Close examination of  the  da ta  provided suggest t h a t  the  o ld e s t  s t r a t a  

pene t ra ted  in the  West SEG-1 well i s  approximately Middle Gros Morne 

(Middle to  Late Pliocene) in age. This suggests  t h a t  the  th i c k ,  l a t e r a l l y  

continuous sands exposed along the  south coas t  wil l  be encountered with 

deeper p en e t r a t i o n .  I t  i s  t h e r e f o r e ,  reasonable to  suggest  t h a t  the 

p o s s i b i l i t y  of  deeper pay zones in t h i s  well might e x i s t .  That t h i s  

outcrop sequence i s  presen t  deeper in t h i s  well i s  supported by seismic 

da ta  and a poss ib le  t a r g e t  of  deeper exp lo ra t ion  wil l  be the  very th i c k ly  

bedded, l a t e r a l l y  ex tens ive sands observed in outcrop.
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Acceptable l e v e l s  o f  poros i ty  are low in these  outcrop sediments. I t  

can be expected t h a t  secondary (and remaining primary) p o ro s i ty  may be 

preserved a t  depth,  i f  migration of  o i l  and/or  gas (generated in deeper 

Early T e r t i a r y  t o  Cretaceous sources) coincided with the formation of  such 

p o ro s i ty .  Visual carboniza t ion  s tud ie s  al so  suggest  t h a t  th e  West SEG-1 

has only marg ina lly  pene t ra ted  rocks of  an age s im i l a r  to  those 

encountered in outc rop.  All the  outcrop samples examined suggest  some 

e a r l y  genera t ion  of  gas.

Paleoecoloqy

An examination o f  benthonic forams can provide es t imates  of  the water  

mass cond i t ions  a t  t h e  time of deposi t ion  of sediments. Palynology also  

uses the  r e l a t i v e  abundances of  var ious c h a r a c t e r i s t i c  spores ,  po ll en ,  

c y s t ;  and a lgae  to  deduce water mass cond i t ions .

In the  pa leon to log ic  repor ts  the Amphisteqina assemblage which 

inc ludes some m i l i o l i d s  i s  ind ica t ive  of a r e e f  envirorment,  Hag and 

Boersma (1978). Hag and Boersma ( ib id )  a l so  ind ica te  t h a t  Uviqerina i s  

in d i c a t i v e  of  o u te r s ’n e l f  and high oxygen environment. The assoc ia t ion  

with Uviqerina and Buiiminel la  suggest t h a t  t h i s  was a f o r e - r e e f  

envirorment,  (Flugeman, pers .  comm., 1990). Though the exac t  taxonomic 

p o s i t i o n s  o f  the  Buiiminella  (probably B r iz a l in a  of  the Gulf of  Mexico) 

reported  i s  unknown the  assemblage i s  a s soc ia ted  with the  oxygen minimum 

la y e r  in the  Gulf o f  Mexico (200-250 meters water  dep th) ,  (Flugeman, pers .  

comm., 1990 and Murray, 1973). Another key assemblage i s  dominated by 

Cvclammina a common c o n s t i tu en t  of  the  Glomospira assemblage of  the  Gulf 

of  Mexico, where i t  i s  associated  with areas of  reduced sedimentat ion.

251

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The B o l iv in a , T e x t u l a r i a , Buiiminella  1/2 assemblage i s  in d i c a t i v e  of  an 

ou te r  s h e l f  t o  deep inne r  s h e l f  environment,  (Hag and Boersma, 1978 and 

Murray, 1973).

P a lyno log ica l ly  the  two sec t io n s  s tud ie d  y ie lded  s im i l a r  organic 

c o n s t i t u e n t s  a l l  o f  which in d i c a te  a marginal to  open marine environment 

of  d e p o s i t io n ,  based on the  common to  abundant d i n o f l a g e ! l a t e  cy s t s ,  and 

few to  common microforams. T e r r e s t r i a l l y  der ived  p te r idophyte  spores ,  

abundant angiosperm po l l en ,  fungal spores ,  wood fragments,  p lan t  t i s s u e ,  

f r e s h  water  algae r e f e r a b l e  to  Pediastrum s p . and Botrvococcus s p . suggest 

a con t inen ta l  assemblage deposit ed  in marginal marine to  open marine 

environment.

Burial  His tory

The methods of  Moore and Reynolds (1989) were used to  determine the 

degree of  order ing  and in d ic a te s  t h a t  a l l  samples in West SEG-1 below 8390 

f e e t  have Reichweite numbers of  .5 to  1 in d i c a t i n g  minor order ing  with 50% 

to  60% i l l i t e  l a y e r s .

The outcrop samples showed l i t t l e  or  no shoulder a t t r i b u t a b l e  to 

c h l o r i t e  and i n v e s t ig a t i o n  was thus  p o s s ib le  using both methods - the 

peaks in th e  5.5 to  6.5 tw o- the ta  range and the  tw o- the ta  d i f fe rence  

between the  002 and 003 peaks. This i n v e s t i g a t io n  sugges ts  t h a t  the 

outcrop samples were a l l  randomly i n t e r s t r a t i f i e d  with 35% to  50% i l l i t e  

1a y e r s .
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Hansen and Lindgreen (1989) suggested t h a t  d i s c r e t e  i l l i t e  may be 

formed by e ros ion  of  l i g h t l y  weathered source rocks and secondly, from an 

environmental viewpoint ,  t h a t  i l l i t e  and I /S  becomes more abundant with 

inc reas ing  d i s t a n c e  from shore.

High k a o l i n i t e  conten t  may in d i c a te  a per iod of  deep in tense  

weathering of  l a t e r i t i c  horizons ,  (Biscaye,  1965). I t  i s  also poss ib le  

t h a t  th e  k a o l i n i t e  v a r i a t i o n  i s  c o n t ro l l e d  by depos i t iona l  or provenance 

f a c t o r s .  Hansen and Lindgreen (1989) i n d i c a te  t h a t  decreasing k a o l i n i t e  

conten t  probably r e f l e c t s  g r e a t e r  d i s t a n c e  from the s ho re l ine .  The 

inc rease  in k a o l i n i t e  o f ten  r e f l e c t s  a h igher  degree o f  proximity to  

d e l t a i c  o r  s h o re l in e  f a c i e s ,  fo r  example - during d e l t a i c  prograda tion.  

This environmental in f luence  upon k a o l i n i t e  content  way be important 

because th e  depos i t iona l  model developed suggest  an in t im a te  a s so c ia t io n  

between a prograging d e l t a  and and s h e l f - f a n  system developed as sediment 

was mobil ized and sedimented.

The d i f f e r e n c e  in the  percent  i l l i t e  l a y e r s  in I /S  between outcrcop 

and subsurface  might be in d ica t iv e  of  (a) a d i fe rence  in the bur ia l  

h i s to r y  o f  the  outcrop and subsurface s e c t i o n s ,  (b) a d i f f e re n ce  in the 

compositions o f  the  s t a r t i n g  m a te r ia ls  in both s ec t ions  (eg. Braide and 

Huff, 1982) and, (c) f a c to r s  which have in h ib i t e d  the  smect i te  to  i l l i t e  

t r ans fo rm a t ion  (eg.  e a r ly  cementation,  Foscolos and Powell,  1980 and 

P o l l a s t r o ,  1985).

Despite  being deeply buried a t  l e a s t  s ince  Middle Pliocene these  

sediments do not show any c l e a r  evidence of  clay  mineral t r ansformat ion .  

There i s  however some evidence t h a t  o the r  f a c t o r s  - source and
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dep o s i t io n a l  environment might be more important  in explain ing  th e  mineral 

assemblages encountered.  To what ex t e n t  i s  bur ia l  d iagenes is  respons ib le  

fo r  many assemblages encountered in  o the r  bas ins  r eq u i re s  f u r th e r  

i n v e s t i g a t i o n ,  and t h i s  s tudy sugges t  t h a t  bur ia l  d iagenes is  may not  be as 

impor tant  a f a c t o r  as emphasized in the  l i t e r a t u r e .

The West SEG-1 well had a t o t a l  depth of  15,236 f e e t .  At t h i s  depth 

the  sediments though gas prone are  immature with r e s p e c t  to  gas 

p roduction ,  and must be pursued to  g r e a t e r  depths in order  to  encounter  

more mature source rocks.  Also a t  g r e a t e r  depths t h i c k e r  sands with l e s s  

mud ( s i m i l a r  to  the  outcrop s ec t io n  along the  south coas t  of  Trin idad) 

should be encountered which may provide r e s e r v o i r s  f o r  generated 

hydrocarbons. The presence o f  p o ro s i ty  w i l l  be a higher r i s k  a t  g r e a t e r  

depths .  However, given the  low TOC's the  p o s s i b i l i t y  of  genera t ing  

commercial q u a n t i t i e s  of  hydrocarbons i s  doubtful and any s i g n i f i c a n t  

q u a n t i t i e s  o f  hydrocarbons would have been derived  from v e r t i c a l  migrat ion 

of  Cretaceous sourced o i l  and gas .  Low TOC's coupled with low geothermal 

g r a d ie n t s  suggested t h a t  source rocks younger than Upper Cretaceous are 

very u n l ik e ly ,  (B. Claxton,  p e r s .  comm., 1350).

I n t e r p r e t a t i o n  o f  c a l c i t e  cements was d i f f i c u l t  and s t a b l e  iso tope 

da ta  suggest  t h a t  c a l c i t e  p r e c i p i t a t i o n  spanned the range from e a r ly ,  

shallow cementation in f luenced  by meteoric waters  to  deep b u r i a l .  There 

was no r e l a t i o n s h ip  between carbon and oxygen i s o to p ic  compositions which 

i s  i n d i c a t i v e  of  a complex d ia g en e t i c  h i s to ry .
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Light  samples ( those with negat ive  13C values)  derived  t h e i r  carbon 

from ox ida tion  o f  organ ic  m a t te r  during ea r ly  d ia g en es i s ,  and the  heavier  

carbon was derived  from th e  process  of  methane fe rmenta t ion .

Light oxygen i s o to p ic  composit ions were probably der ived from one or 

a combination o f  the  fol lowing f a c t o r s :

(a) meteor ic  water ;

(b) high tempera tures  during deeper b u r i a l ;  or ,

(c) r e - e q u i l i b r a t i o n  with meteoric water  a f t e r  u p l i f t .

The da ta  in  t h i s  s tudy i n d i c a t e s  a very complex d ia g e n e t i c  h is to ry  

which might involve some e a r ly  d iagenes is  with subsequent ove rp r in t ing .  

The s t a b l e  i so tope  da ta  presented  i s  very l im i t e d ,  however i n d i c a te s  tha t  

t h i s  might be an area  f o r  f u r t h e r  research .
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Measured Stratigraphic Section 

Moruga Group, South Coast, Trinidad
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Key to Symbols and Abbreviations

Sorting
Extremely well XW

Very well VW

Well W

Moderately m

Poorly p

Very poor VP

Bedding Thickness

tcb - thickly bedded (> 75 cm) 

mb - medium bedded (35 - 75 cm) 

thb - thinly bedded (< 30 cm)

Uthologies

S 3 mudstone

siltstone

sandstone

Grain Size
vcU = 1410 - 2000 microns 

vcL = 1000 - 1410 microns 

cU = 710 - 1000 microns

cL

fU

fL

500 - 710 microns

mU = 350 - 500 microns

250 - 350 microns

177 - 250 microns

vfU = 125 - 177 microns

vfL = 8 8 -1 2 5  microns

vfL = 62 - 88 microns

BH 11 Samples

f.25 Photograph and figure 
numbers used in text.

S e d i m e n t a r y  S t r u c t u r e s

Plane parallel lamination 

Very low angle cross beds -'5- 

Graded bedding r r r  

Ripple marks 

Rute casts

—  Striations

Wavy lamination

Slump structures and contorted beds PJ 

Convolute bedding _n_

Load casts "U"

Thin graded bed tt. tt 

Chaotic beds — •

Thin parallel laminae E = E 

Roral/fauna remains Q  

f^o Bed and Pillow Structures
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300'

n =  7

f.11 f.12

Ruidized beds.

Ruidization effects are 
ev id en t T hese include contorted 
b ed s and slum p structures.

-  -  ^

Repeated Bouma seq u en ces which 
range in th ickness from 5-30 cm .

Tabcd seq u en ces - 
so m e  complete, others 
truncated.

ST

BH 2
25 thb

sst/m st ~  5/1

Bouma seq u en ces up to 
15 cm  thick.

vfU

340'

n = 5

S st dusky yellow to  light 
olive in color.
Mst vary from light 
olive to blackish 
gray.

mt

Som e s s t  bed s are 
very well cem ented. 
Calcite is the  
cem enting material.320'

n = 11 B H 1

San dstone Siltstone M udstone
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too

sst/m st — 10/1

Repeated sst/m st triplets. These  
packages contain thin 
sandstone b ed s which grade upward 
into siltstone and mudstone.
These are repeated Bouma Tcde 
seq u en ces preserved.

thb
330'

n = 7

BH 3

Bound Tcde. These seq u en ces  
range tram 10-25 cm in 
thickness.

Amalgamated beds  
B ed s sh o w  sharp b ase  
and gradational tops, with 
truncated Bouma 
seq u en ces.

thb25

40'

n = 12
f.32 Load casting, ball
 1 and pillow and

slump structures.

10 'thb
- i .

Very low angle cro ss  
bed s associated  with 
Bouma Tbcd seq uences.

Sandstone Siltstone Mudstone
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V / / / / A / A *

ISO
350' Bouma Tbcd. Sequences range in

,_____  thickness from
|BH 7 |  35-50 cm . Truncations
  are common.mbr i

Channels infilled with 
parallel lamination and 
very low ample 
cro ss  beds. Sharp/ 
scoured bare. Bouma Ta-b.

mil

tcb 355'

miln=2 If. 13

f-«.
ISH 6 I

Ftuidized beds  
Chaotic bedding  
(see  photograph)mb

tcb
|bh  5

S st beds have sharp 
scoured beds. 
"Ripped Up" clasts  
are frequently 
obscured.

IBH4 I

n=2

thb

thb
Load ca sts  are
frequently
observed

m Bouma Tbcd seq uences which 
range from 12-18 cm  are 
observed.

Galoota Point

S andstone Siltstone M udstone
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A t A

50

thb

Very thinly bedded siltstone  
units with parallel 
lamination and ripples. Som e 
very low angle cross  
beds. T hese are found in 
triplets with very fine grained 
s s t  and mst.

m
n=4

mb

Sandstones contain very 
low angle cro ss  beds which 
are associated  with plane 
b ed s o f Bouma Tb division.

Bouma Tbc

thb
BH9

Ptygmatic fold with axis 
trending 295". Sed. 
structures preserved 
within folded bed s are I '-‘6  
parallel lamination and 
very low angle cro ss  beds.

Very little or no mud 
{>80%  sst)

m

thb

mL

Graded b e d s . mL to fU 
Fluidization obvious in 
places, thickly bedded.

BH 8
Gran Calls P t

Sandstone Siltstone Mudstone
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0

* 4  / * &
100

Thinly bedded 
sst/slt/m st

Repeated Bouma Tcde seq u en ces - 
M o s t o f th ese  Bouma seq u en ces  were 
truncated and ranged 
between 20-30 cm  in th ickness.

thb

Very low angle cro ss  beds  
associated  with fine garined, 
amalgamated sandstones.

P —>m Amalgamated sandstone beds  
with repeated Bouma 
Tb seq u en ces.

Very little mud. 
>80%  sand.

thb

Ripped up c la sts  of 
mudstone.

m Soft sedim ent deformation

f.31 I "ball and pillow'

Bouma Tabc 15-25 cm  thick.

thb mL

Mud and fine sand  
pebbles at th e  base  
of o n e  thick bed.
Beds up to  4.2 meters 
thick. Amalgamation common. 
B eds have sharp scoured  
bases.

m

Sandstone Siltstone Mudstone
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/  / # / # / # f af  /  / * £ / * $  M / j
ISO

340'
Bouma Ted seq u en ces  in 
beds up to 1.1  meter thick.

tcb N=6

-i-

tcb cU m—>w Unit o f very coarse to  
coarse grained graded 
sandstone, with very 
low angle cro ss  bods 
sharp scoured b ase  with 
load casts.295"

N=5

These thickly bedded  
siltstones contain truncated 
Bouma Tbc seq uences. 
B ed s show clean scoured  
bottom s with flutes and 
s t nations.

350'
tcb

Bouma Tbcd seq u en ces up to

r ~

tcb Thick beds o f siltstone with 
distinct Bouma Tbc seq uences. 
B eds are amalgamated and 
individual b ed s are up to  
1.7 meters thick.

350'

N=3

Sandstone Siltstone M udstone
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200

thb Laminated silt and mud.

a.
Bouma Ted in thin seq uences  
which range in th ickness 
from 12 -3 0  cm .

Thinly bedded rippled sittstones. 
Individual beds range from 12-2S cm  
in thickness and contain very 
little mudstone interbedded with 
the sittstones.

• v thb

Sandstones have sharp 
scoured b ases and Bouma Tbc 
seq u en ces up to 45 cm  
thick.

mb

Bouma Tbc seq uence up to  
20 cm  thick are common 
within the sittstones.

thb

thb

Sandstone Siltstone Mudstone
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2 0 0

tcb

Thick beds up to  2.1 meters 
thick, with sharp bases and 
containing Bouma Tbc 
seq uences.

• - r

jf

Bouma Tbcd. 
Amalgamated sandstone 
b ed s. Som e beds up to 
6.4  meters thick.

tcb m
342'

n=2

m

mb

Very shallow channel filled 
with tow angle cross beds. 
Mudstone pebbles, Ste.-p 
scoured base.

mb

Sandstone Siltstone M udstone
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250

tcb

WWW — VW • % I MIWIUJ WOUUVU,

amalgamated sandstone bed s  
with sharp scou red bases. 
Bouma Tabc seq u en ces present 
and common.

m

tcb Virtually no mud.

BH 12

Ruidization p resen t 
Ball and pillow 
structures.

Som e load casting

BH 11

B ed s up to  3 .3 meters thick. 
B ed s average 1.1 meters 
in th ickness. Graded beds  
are dom inant B eds have 
sharp and scoured b ases.

tcb

Bouma Tabc present but Tbc m ost 
common. Bouma seq u en ces are up 
to  1.6 m thick.

Clay and silt pebbles  
incorporated into b ases  
o f beds.345'

n=4 mL
BH 10

82' A major change in the 
seq uence occu rs here. 
Hereafter the seq uence is  
predominately sand with 
little or n o  mud. At bend 
Gran Calle PL

n=4

Sandstone Siltstone M udstone
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300

Bouma Tbc seq uences which 
range in th ickness between  
35-50 cm.

mb

BH 13

m
Bouma Tbc. Most of th ese  Bouma 
seq u en ces one about 42 cm  thick.

Virtually no mudstone. Sandstones  
have clean and scoured

tcb Very thickly bedded. 
One bed observed  
up to  13.1 meters 
thick.

mL

Amalgamated b ed s present. 
Individual plane parallel 
lamination.

Bouma Tbc
tcb

mL

Sandstone Siltstone Mudstone
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350

tcb

BH 14

Amalgamated sandstone beds with 
Bouma Tabc in thickly bedded 
sandstones. Bouma seq u en ces  
are truncated and individual 
bed s are up to 2 2  meters thick.tcb 330'

n=4

m
Minor load casting on the b ases  
of thick (75-115 cm) beds.

tcb

BH 14

Graded beds with sharp and 
scoured b ases. Som a internal 
soft sedim ent deformation 
is  present.

m

Bouma Tcb, seq u en ce up 
to  50 cm  thick.

Sandstone Siltstone Mudstone
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400

P—> m

mL

BH 17

Bouma la b  seq uences in 
amalgamated sandstone  
beds.

tcb
Bouma Type plane parallel 
lamination closely  associated  
with very low angle cro ss  beds. 
Individual sandstone bods up 
to  1.9 meters thick.

r —̂ m

mL

BH 16

Thickly bedded 
graded beds with 
very sharp and 
scoured bases.

Thickly bedded sandstones  
with Bouma l b  and som e  
soft sedim ent deformation.

tcb

mL

Sandstone Siltstone Mud3tono
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450

mb

lBH-19

Tab

Very low angle cross  
b ed s  c lo se ly  associated  
witb plane parallel 
lamination.

Little or no mud.

mb

Clay and silt pebbles  
in b a se s  o f sandstone  
beds.

mb

Tab seq u en ces.

BH 18

mb
mL

Sandstone Siltstone Mudstone

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(m
et

er
s)

500

Virtually no mud 

sst/m st = 75/1

mb

P —>m

350'

P — > mn=5

mb

Bouma Tbc seq uences.

"Ripped-up" clasts  of clay and 
siltstone incorporated 
in sandstone beds.

mL

Graded bed s with 
sharp bases.

Multiple truncated 
Bouma Tbc seq u en ces  
in thickly bedded  
sandstones.

tcb mL

, —

r iT iT l . —

Sandstone Siltstone Mudstone
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Very little mst

mb m

Triplets of 
sst/slt/m st 
interbedded with 
medium bedded 
sandstone.

m
mb

mb

328'

Triplets of rippled 
siltstone and mudstone.n=6

Sandstones show  truncated 
Bouma Tbc seq uences up 
to 45 cm  thick.

m
mb

300'

n=12

Sandstone Siltstone Mudstone
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600

Very little mudstone 
sst/m st = 7 5 /1

tcb

Thickly bedded  
s s t  with very 
sharp and scoured  
b ases.

tcb

m

Tab

S st have incorporated 
"ripped-up" clasts  of 
m udstone and 
siltstone.

m

tcb

S om e almagamated 
b e d s  present.

Tab

Sandstone Siltstone Mudstone
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tcb Tab

S st have very 
sharp/scoured base  
and have incorporated 
"ripped-up" c last of 
m udstone & siltstone.

tcb

Triplet of sst/slt/m st 
interbedded with 
thickly bedded sst.

Tab

icb

Bouma Tabc seq u en ces, 
close ly  associa ted  with 
very low angle cross

Tab

tcb

Sandstone Siltstone Mudstone
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700

tcb

Thickly bedded  
s s t  with 
sharp/scoured 
bases. Very 
little m st

mL m

tcb

mL
sst/m st =  75/1

tcb S andstones with sharp 
erosional b ases.

mL

tcb

mL Repeated truncated 
Bouma Tabc seq u en ces. 
Amalgamated sandstone beds  
with sharp/scoured b ases.

tcb

mL

Sandstone Siltstone Mudstone
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750

tcb
mL Sharp s s t  b a se s

BH 21

Tabc

•T
tcb Package (triplet) of 

thinly bedded  
sst/slt/m st

m
tcb

BH 20mL

Triplet of thinly bedded  
sst/slt/m sttcb

Tab

tcb

Repeated Bouma Tabc 
seq u en ces. B ed s have 
sharp erosional b ases.

la b  seq u en ces  up 
to 60 cm thick.

tcb

mL

Sandstone Siltstone Mudstone
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800

With the exception of 
thinly bedded packages o f 
sst/stt/m st th ese  sands  
are thickly bedded with 
Bouma Tbc divisions.

350'
Triplets of siltstone  
and mudstone beds.n  = 4

BH 23

Flutes, grooves and striations 
on  the b ases of those  
thickly bedded sandstones.Tcb

Sharp b ases and mudstone 
■rip-up" clasts.

B eds up to 2.1 mstem thick 
sharp bases which are 
ornamented with flutes and 
striations.Tcb

40'

~K.r

Tbc
Tcb

BH22

Graded beds, plane parallel 
laminations and very low angle  
cross beds arranged in 
Bouma Tabc seq u en ces.

Sandstone Siltstone Mudstone
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tcb mL

Bouma Tb

BH 25

40'
Strongly rippled 
siltstone and mudstone 
Bouma Ted.

thb n = 3

m

Bouma Tb in truncated 
seq u en ces. Amalgamated 
sandstone b ed s are 
common.

mb

BH 24

thb

mb
Very well defined Bouma 
Tabcd seq u en ces  up to  
45 cm  thick.

m

bTlT'
—

j Sandstone Siltstone M udstone

!jI
J
1

i
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tcb

mL

BH 27

•Ripped-up" clast o f 
m udstone and siltstone  
found in len ses  within 
s s t  beds. L en ses are 
up to  3 cm  thick.

tcb

mL Bouma Tab seq u en ces  
present in amalgamated 
sandstone beds.

BH 26
tcb

Amalgamated sandstones  
up to  1 meter thick, 
individual b ed s  comain  
Boumatcb

mL

m

Sandstone Siltstone M udstone
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S st with sharp/ 
scoured b ases. 
Graded beds.tcb mL

BH 29

Plane parallel lamination 
closely associated  with 
very low angle cross beds.

tcb

m

Thick Bouma sequence
up to  2 meters thick
with Bouma Tabc subdivisions.

mL

310‘

thb Interbedded triplets of siltstone  
and mudstone with sharp b a se s  
and tops scoured by overlying 
sandstones.

n=6

tcb
BH28

mL
S st with sharp 
b ases.

thb

m

Sandstone Siltstone Mudstone
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tabc

Bouma Tab seq u en ces up 
to  1 meter thick.

Paleo flow  
m easurem ents 
taken from flute 
c a sts .

310'

n=4

tcb

BH31

tcb

Convoluted bedding and 
som e so ft sedim ent 
deformation present

"Ripped-up" clasts  
of m udstone and 
siltstone within 
s s t  beds.

mb

Sandstone Siltstone Mudstone
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Sharp/scoured s s t  
based.

m m
tcb

Bouma Tabc

Truncated Bouma Tabc 
seq u en ces

tcb

P  —

oa!i sncl psiiciv tftrjcturs, 
amalgamated sandstone bods 
and sharp, erosional bases.

Bouma Tabc seq u en ces  
up to  80 cm  thick.

P —>m
ml

tcb

■ - ,   ~

Sandstone Siltstone Mudstone
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mL

tcb

|BH 32j (siltstone)
Siltstone contains in 
phase climbing 
ripples. Triplet of 
very fine sst/slt/m st.

mL
tcb

25

Triplets of sst/slt/m st 
interbedded with thickly 
bedded sandstones.

Sharp s s t  b ases

mL

tcb m

Bouma Tabc

mL

Sandstone

F^=3
L ____

Siltstone Mudstone
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1200

25 .

Thickly bedded  
sandstone

tcb mL m

Sandstone Siltstone Mudstone
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50

mL P—>m
mb

Tbed

IBH36

Flutes, grooves and 
St nations o n  the 
b a ses  of medium bedded  
amalgamated sandstone  
beds.

mL p —>m

mb

|BH 35

Very thickly 
bedded samf.36

Boum aTbc

mL

tcb

ICanari Ptl

Sandstone Siltstone Mudstone
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tcb m

Bouma Tbc

tcb iBH 38

Truncated Bouma Tabc 
seq uences in amalgamated 
sandstone beds up 
to  3.2 meters thick.

Bouma Tb

Dried and oxidized 
oil on east s id s  of 
the bay in tine 
grained sandstone.

IBH 37

Bouma Tbc
mb

Sandstone Siltstone Mudstone
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Resedimented wood  
and other plant 
remains.tcb

m

n=S

An amalgamated s s t  
bed about 56 
moters thick.

tcb

Amalgamated sandstone beds  
with Bouma Tabc seq u en ces. 
Very low angle cro ss  beds  
are closely associated  
with plane beds.

tcb

Individual Bouma Tabc 
seq u en ces are up to  
1.1 meters thick.

30' BH39

n=4

Triplets of sst/slt/m st

S s st  with scoured and 
|  erosional b ases.

VERY thickly bedded 
som e beds up to  
7  meters thick.

tcb

Sandstono Siltstone Mudstone
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200 348'
Large straight 
crested ripples.

i3H 461

IBH 451
m

IBH 441

Som e plant debris. 
|BH 431tcb

Bouma Tabcd

Morequite
Point sst/slt/m st triplets with sharp 

b a se s  and eroded tops.
n=3

IBH 421

mtcb

f.24 I HCS

|BH 401

siltstone/mudstone - well 
rippled and with sharp bases.

r.23 I HCS

Bouma Tab sequences.

tcb Truncated Bouma Tabcd seq u en ces  
are common and may be up 
to  1.5 meters thick.

m  m  m
Sandstone Siltstone Mudstone
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sst/m st = 30/l

Change o f character 
o f section. A little 
more mud.mb

Ptygmatic fold. [T ST
Pt. Otho

!b H50!

Convolute bedding.

Bouma Tabcd.
Very little or no mudstone.

sst/m st = 65/1

La LunePL

LL2tcb

IE

Thickly bedded sandstones up 
to  2-4 m eters thick.

tcb

S s t  with sharp b ases. Amalgamated.

Sandstone Siltstone Mudstone
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sst/m st = 2-/140'

n=4

mb

Bouma Tbcd seq u en ces  
up to  60 cm  thick.m

IBH 541

mb

n=2

Bouma Tbcd seq u en ces  
up to  55 cm  thick.

mb

IBH 531

IBH 52|

m
Ib h  St|

PC 3

Point
Curao

Sandstone

m
Siltstone Mudstone
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IBH324

not is strongly 
rippled.thb

Bouma
Tabcd.

PC 4

thb

Bouma Tab seq u en ces

[BH

PC 3

n=2

O  E3 d
Sandstone Siltstone Mudstone
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Paleontology and Palynology Data
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APPENDIX 2
P A L Y N O L O G I C  A N D  P A L A E O N T O L O G I C  D A T A .  M O R U G A  G R O U P ,

S O U T H  C O A S T . T R I N I D A D .

Paleontology Summary
Below is a list of key foraminifera encountered within the West 
Seg-1 well (data supplied by Amoco Trinidad Oil Company).
Depth in Well
2450-2480
3740-3770
4640-4670
5300-5330
5570-5600
7490-7520
8810-8840
9440—3470
10040-10070
11000-11030
11330-11360
11930-11960

Foram
Buliminella
Miliammina
Buliminella
Lenticulina
Amph i steg ina
Saccamina sp.
Haplophracrmoides
Kaplostiche
Haplostiche
Haplostiche
Bolivina
Textularia

13820-13850
14840-14870

Ret icu lophr acrm ium 
Alveovalvulina
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The following is a list of foraminifera encountered in the GBM-1 
well (data supplied by the Ministry of Energy, Trinidad and 
Tobago).

Depth in Well 
630 
840 
1320 
1470 
1560 
1590 
1800 
2430 
2760 
2910 
3450 
3510 
3720 
4170 
7290 
7380 
9120 
9270 
9420 
9540 
9630

Foram
Reworked fragments, Amphisteqina sp. 
Reworked reefal types, Amphisteqina 
Amphisteqina sp. . Rotalia choctawensis 
Uviqerina. Buliminella 1/2 
Globorotalia limbata. Uviqerina 
Globorotalia dutertrel 
Globiqerinoides conqlobatus 
Reworked fauna with Amphisteqina sp. 
Bolivina sp.. Hormosina sp.
Bolivina sp.. Amphisteqina sp. 
Haplostiche. Bolivina so.
Textularia. Valvulilna. Buliminella 1/2 
Sphaeroidinella sp.
Haplophraqmoides. Bolivina
Haplostiche. Cvclammina
Bolivina, Textularia. Buliminella 1/2

Textulaaria. Amphisteqina. Buliminella 1/2
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9840
9960
10004

Bolivina. Amphisteqina. Buliminella 1/2 
Textularia. Buliminella 1/2 
Textularia. Buliminella 1/2

Palynlogy Summary
Outcrop Samples

Sample #
BH 2, 10, 
11, 13, 20, 
29, 31, 32, 
41 & 42

Age

L. Early Plio.

Palvnomorphs

Badly corroded and 
sparse palynomorphs 
with reworked early 
and late Cretaceous

L. Early Plio. Reworked early and late 
Cretaceous and heavily 
reworked Oligocene

BH 48 & 50 L. Early Plio. Heavily reworked 
Barremian, Cenomanian, 
Senonian, middle and late 
Miocene

PC 4, 5 & 8 L. Early Plio. Reworked early and 
late Cretaceous and
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Oligocene

LL2 L. Early Plio. Reworked early and late
Creataceous.

West Sea-1 (Cuttings) 
(Depth in feet)
360-3380 L. Pleist.

5330-5360 L. Plio.

5990-6020 L. Plio.

6980-7010 L. Plio.

7940-7970 L. Plio.

9140-9170 L. Plio.

9620-9650 L. Plio.

10790-10820 L. Plio.

Reworked late Cretaceous 
and Oligocene

Reworked early Cretaceous

Reworked early Cretaceous 
and Oligocene

Reworked early Cretaceous 
and Eocene

Reworked Cenomanian

Reworked Paleocene and 
Senonian

Reworked Senonian 

Reworked Senonian
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11780-11810 L. Plio. (?)
L. Early Plio.

12920-12950 Indeterminate

13970-15230 L. Early Plio.

West Seq-1 (SWC)
(Depth in Feet)
1550 L. Pleist.

1850-29950 L. Pleist.

3140 Indeterminate

3755 Indeterminate

4040-4600 L. Pleist.

5050 L. Pleist.

Reworked Senonian and 
Cenomanian

Reworked Senonian and 
Cenomanian

Reworked early and late 
Cretaceous

Heavily reworked late 
Cretaceous

Reworked late Cretaceous 

Reworked early Cretaceous

Reworked early and late 
Cretaceous

Heavily reworked early and 
late Cretaceous and early 
Miocene
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5250 L. Plio. Reworked early and late 
Cretaceous

5670 L. Plio.

6830 L. Plio. Reworked late Cretaceous and 
early Miocene

7050 L. Plio. Reworked early and late 
Cretaceous

7350 L. Plio. Heavily reworked early and 
late Cretaceous

8600A L. Pleist. Heavily reworked early and 
late Cretaceous, Oligocene, 
Middle and late Miocene

8600B L. Pleist.

9200 L. Plio. Reworked late Cretaceous and 
late Miocene

9600 L. Plio. Reworked early and late 
Cretaceous

9800 L. Plio. Reworked early and late
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10700 Indeterminate

10900 L. Pleist.

11300 L. Plio.

12300 L. Early Plio.

12500 L. Early Plio.

Cretaceous, Middle and Late 
Miocene

Reworked late Miocene

Reworked early Cretaceaous, 
late Miocene and early 
Pliocene

Heavily reworked early 
Cretaceous

Reworked late Miocene
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RECALCULATED SANDSTONE PETROGRAP5IC DATA: TRINIDAD. wEST INDIES

Q-F-L QmF~Fp Qm-F-L, QP-L.-Lv

BH 1 68-18-14 76-9-15 64-20-16 43-52-5
BH 3 73-14-13 81-11-8 69-16-15 56-42-2
BH 5 72-13-15 83-8-9 69-14-17 48-44-8
BH 8 72-17-11 79-10-11 70-13-12 60-38-2
BH 9 70-16-14 78-12-10 66-18-16 49-48-3
BH 10 69-18-13 77-11-12 66-19-15 43-52-5
BH 11 73-12-15 83-8-9 68-14-18 68-22-10
BH 12 70-19-11 76-13-11 67-21-12 50-48-2
BH 15 72-17-11 78-7-15 69-20-11 53-47-0
BH 16 80-8-12 88-5-7 76-10-14 62-35-3
BH 18 71-14-15 82-8-10 68-15-17 42-47-11
BH 19 72-12-9 85-7-8 76-13-11 50-47-3
BH 21 75-11-14 86-6-8 73-12-15 36-52-12
BH 25 79-7-14 92-3-5 78-7-15 30-62-8
BH 26 77-11-12 86-7-7 73-12-15 57-36-7
BH 27 76-15-9 81-9-10 73-17-10 56-35-9
BH 28 77-13-10 83-6-11 74-15-11 53-45-2
BH 33 79-12-9 88-3-9 77-13-10 54-40-6
BH 36 78-14-8 83-9-8 75-16-9 62-35-3
BH 38 69-17-14 79-10-11 67-18-15 36-64-0
BH 39 76-15-9 82-9-9 74-16-10 48-47-5
BH 49 72-17-11 80-9-11 70-18-12 35-54-11
BH 58 66-21-13 74-12-14 64-22-14 32-60-8
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SUBSURFACE DATA SOUTH EAST, TRINIDAD,  W .I.

DEPTH TMAX SI S2 S3 TOC Ch HI OI

590 332 * 0 .11 0 .09 1 .82 0.31 29 587
800 392 0 .4 5 0 .76 9 .4 0 2 .06 37 456
920 363 0 .3 4 1.29 1 .68 0 .94 137 179

1520 427 k 0 .1 7 0 .38 3 .25 0 .53 72 613
2030 377 k 0 .0 5 0 .09 5 .4 7 0 .13 69 4208

2450 501 ★ 0 .1 3 0 .35 1 .96 0 .57 61 344
2660 ----- 0 .1 6 0 .82 2 .1 9 0 .7 7 106 284
3140 ----- 0 .0 9 0 .53 2 .62 0 .7 4 72 354
3380 - 3410 600 0 .1 3 0.51 1 .37 0 .53 96 258
3550 - 3590 ---- 0 .1 2 0.51 1 .8 0 0 .7 4 69 243

3740 3770 R __ 0 .1 7 0 .68 2 .4 9 1 .14 60 218
3940 - 3970 R ----- 0 .1 6 C.46 1 .8 9 0 .7 9 58 239
4970 - 5000 ----- 0 .0 9 0 .3 9 1 .67 0 .5 2 75 321
5300 - 5330 539 * 0 .0 9 0 .32 2 .3 8 0 .51 63 467
5450 - 5480 562 k 0 .11 0 .38 1 .88 0 .5 5 69 342

5500 _ 5630 598 * 0 .1 0 0 .40 1 .1 9 0 .34 118 350
7220 - 7250 544 0 .1 2 0 .70 1 .3 6 0 .4 5  ' 156 302
7490 - 7520 560 ie 0 .1 4 0 .47 1 .68 0 .3 7 127 454
7670 - 7700 492 * 0 .1 3 0 .44 1 .3 6 0.51 86 257
7970 - 8000 585 k 0 .1 0 0 .48 1 .5 6 0 .47 102 332

8000 _ 8030 512 0 .1 8 0 .58 1 .33 0 .51 114 261
8660 - 8690 436 V 0 .1 2 0 .20 1 .43 0 .3 7 54 286
8870 - 8900 ---- 0 .0 8 0 .58 0 .9 0 0 .2 6 223 346
9230 - 9260 387 * 0 .1 0 0 .1 6 1 .09 0 .5 3 30 206
9500 - 9530 476 k 0 .0 6 0 .23 1 .05 0 .3 0 77 350

9830 _ 9860 559 k 0 .0 6 0 .24 1 .02 0 .3 0 80 340
9920 - 9950 448 k 0 .0 9 0.19 1 .37 0 .2 6 73 527

10130 - 10160 468 k 0 .1 2 0 .38 1 .05 0 .4 4 86 239
10430 - 10460 516 * 0 .1 6 0 .33 0 .7 9 0 .3 6 92 219
10730 - 10760 540 0 .2 4 0 .54 1 .58 0 .4 6 117 343

11030 _ 11060 R 593 * 0 .1 7 0 .48 1 .24 0 .3 7 130 335
11200 - 11230 R ------ 0 .1 9 0 .39 1 .16 0 .41 95 283
11390 - 11420 417 * 0 .08 0.22 1.01 0 .31 71 326
11720 - 11750 416 ± 0 .12 0 .26 0 .9 2 0 .3 9 67 236
11870 - 11900 405 'k 0.21 0 .22 1 .03 0 .41 54 251

12620 _ 12650 343 * 0 .13 0.13 0 .8 8 0 .3 0 43 293
13100 - 13130 408 * 0 .48 0.47 1 .79 0 .5 9 80 303
13370 - 13400 538 * 0 .15 0.46 1 .13 0 .4 9 94 231
14030 - 14060 407 * 0 .4 6 0 .28 1 .33 0 .4 9 57 271
14870 - 14900 417 0 .8 8 0.74 1 .33 0 .9 0 82 148
15230 - 15260 s to. 390 * 0 .04 0.05 0 .0 8 0 .58 7 12
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OUTCROP DATA SOOTH EAST, TR1NIDM), W .I .

SAMPLE TMAX si S2 S3 TOC Ch HE OI

BH -  2 R 431 * 0 .03 0 .1 9 1 .22 0 .48 40 254
BH -  10 431 i: 0 .0 5 0 .4 0 0 .5 2 0 .54 74 96
BH -  13 367 ★ 0 .0 0 0 .0 7 0 .3 5 0 .35 20 100
BH -  22 402 * 0 .0 2 0 .21 0 .1 8 0 .57 37 32
BH -  29 383 * 0 .0 0 0 .1 4 0 .5 4 0.52 27 104

BH -  32 309 * 0 .0 3 0 .1 6 0 .5 2 0 .27 59 193
BH -  40 410 1 .0 9 14 .46 1 .86 13.63 106 14
BH -  41 R 435 0 .0 4 0 .5 0 0 .6 4 0.96 52 67
BH -  42 415 0 .6 0 4 .8 1 1 .12 8.63 56 13
BH -  43 413 * 0 .0 8 0 .2 4 0 .1 9 0.55 44 35

BH -  44std. 412 2 .6 4 14 .93 9 .1 4 9 .76 153" 94
BH -  48 461 it 0 .0 5 0 .3 2 1 .10 0 .76 42 145
PC -  8 424 it 0 .0 3 0 .3 3 2 .74 0 .59 56 464
W -  14 R 427 it 0 .0 5 0 .2 4 2 .04 0 .55 44 371

HEY

* TMAX data not r e l ia b le  due to  low  S2 value  

Ch Sample a n a ly s is  checked  

R R ep lica te  a n a ly s is  conducted  

s td  Standard
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