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INTRODUCTION
TheexaminationintothesedimentsoftheWesternGuiana shelf,theresults
ofwhicharerecordedinthepresentreportformspart ofthestudyofthecontinentalshelfdepositsoff the Orinocodelta.Theinitiativeto thisinvestigation
was taken by Prof. Dr Ph. H. KUENEN, Director of the Institute of Marine
Geology of Groningen University (Holland); the "Bataafsche Petroleum
MaatschappijN.V."of The Hague,bytheir support, have rendered thenecessaryexpeditionspossible.
The area of investigation, lying off the Orinoco delta in the N.E. of South
America,extendsfromtheVenezuelanTestigosIslandsintheN.W.totheshelf
areaofftheEssequiborivermouthinBritishGuianaintheS.E.,fromnearshore
uptotheregionoftheshelfedge(Fig.1).
Theinvestigated area wasdivided into threeparts;the resultsof theexaminationsintoeachofthemconstitutethesubject ofa separatepublication.The
outcomeoftheinvestigationsofthe Gulf ofPariasedimentswaspublishedby
VAN ANDELand POSTMA(1954),whiletheexamination ofthe sediments of the
shelfarea N.and E. ofTrinidadwasmadeby KOLDEWIJN(1958).Thepresent
report dealswith the results of the examination of the shelf area off the main
Orinoco mouth and off British Guiana. The area in question the author has
brieflycalledthe"WesternGuianashelf".
Thefieldworkwascarriedoutintwoperiods;thefirstexpedition,whichtook
placein 1952,wasdirected to the Gulf of Paria, and the secondcampaign,in
1953, was aimed at collecting bottom samples from the open shelves. The
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FIG. 1. SketchmapoftheentiremarineOrinocoregion.

expeditions took place under the direction of Prof. DrPh. H. KUENENand
Dr Tj. VAN ANDEL respectively; the present author took part inthe second
expedition asamember ofthe staff.Itisnottheintention ofthe author to give
a technical description ofthe apparatus used for collecting samples and echo
soundings during the expeditions. The author's aimistogive anidea ofthe
three different types ofsamples whichwerecollectedforinvestigation purposes,
viz. 1.grab samples taken bymeans ofasimple grab of the type designedby
VAN VEEN; 2.punch cores,about 1 | m.longmaximally, and7 | cm.in diameter;
3.pistoncores,about3,60m. longmaximally,and4 | cm. indiameter. Thereader
who wants more detailsabout theapparatus used mayrefer to VAN ANDELand
POSTMA (1954)p.9-11.

The primary purpose ofthe present study canbe summarized shortly as
follows: "toobtain abetter insight into thesedimentation inan open shelf
area offthe delta ofa large river."Ifmore elaborately defined itcomes particularly to thefollowing four points:
(1) Whatisthe regional distribution ofthe various sediment types over the
shelf area and are there any differences intheir pétrographie properties which
could giveaninsight intotheorigin ofthesediments; (2) What relationisthere
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betweenthedistributionpatternof the sediment typesand the recent riversuspended matter brought down to the sea or, in other words,whatisconsidered
to be recent deposits, and isthere anything that mayrefer to olderuncovered
deposits; (3)Howfarhavethereliefoftheseafloorandthehydrography ofthe
investigated area affected the regional distribution of the shelf sediments;
(4) Finallywhathasthe sediment found on the surface of the shelf revealed
about thedepositionalhistory oftheWestern Guianashelf.
Fromtheaboveitisclearthattheinvestigationwasaimedattheregionalvariationsinthedifferent lithologicalproperties ofthe sedimentfound ontheshelf.
The density ofsampling(cf. Fig.3)allowsonlyaroughexaminationintothese
differences. The results of the investigation are recorded infivechapters, the
first four being mainly descriptive. These chapters deal with the relief of the
shelfsurface,thelithologyofthepresentsediment,themineralogy ofthesands,
and thegrainsizedistribution respectively.
The last orfifthchapter presents a synthesis of the facts collected from the
preceding chapters; in addition to a summary of the succession of depositionaryeventsitalso givesa survey oftherecent depositionalconditions. The
reader whoisnotinterestedinthe hugenumber offactsmayrefer tochapterV
of this report.
For the reader's convenience the locations of the sample stations are in
general indicated by a letter/figure combination, e.g. Station DH 1045means:
Stationnr. 1045ofsectionDH.
Theexamination ofthe sediments oftheWestern Guiana shelfwasmadein
the Geological Institute of the Agriculture University at Wageningen, under
the guidance ofProf.Dr D.J.DOEGLAS.
Inconclusion thepresent author shouldliketorefer to apassageof STETSON
(1939).Hestated:
In studiesof thissorttoomuch attention must notbepaidto variations between individual
samples. There are so many unknowns among the factors controlling them that such detailed
work would havelittle value.In thepresent state of our knowledge of marine conditions only
the major trends can beconsidered, and *~ try to go further would only result in confusion.

CHAPTER I

TOPOGRAPHY OF THE SEA FLOOR
1. GENERAL

Adescription ofthesubmarinetopographyisessentialtothisstudy,asagood
knowledge of the topographic features of the shelf area examined renders it
possible to analyse more critically the occurring sediments as to their reliefs,
absolutedepthsandpresent sedimentaryconditions.
The information on the bathymetry ofthe Western Guiana shelf (cf. Fig.2)
was for the greater part obtained from published data of the U.S. HydrographieOffice (charts 5728and 5574)andtheBritishAdmiralty (chart 527).These
data havebeenextendedbymeans ofecho soundings.Thecontinuous records
made itpossibleto construct seabottom profiles alongthe seventeen traverses
which were run across the shelf, and of which some were continued part way
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down the slope. Each of the fathograms represents the actual bottom profile
overwhichtheresearchvesselhadbeen sailing.Astudy ofthesebottom profiles
admitted of a determination of the relief of the seabottom, such as cannot be
gleaned from thebathymétrie chart. Thecontinuous soundings, however, were
only taken along the sampling lines over the shelf. An attempt was made to
plot thesounding linesonthebathymétriechart, however, with varyingsuccess.
This was due to the fact that the determination of the position at sea wasnot
always accurate in comparison with the various surveying methods employed
by theNaval Surveys.However, thelocations of the stations and the sounding
lines, relative toeach other areaccurate enough for a sedimentary survey.
Thecontinental terrace,studied between 61 °and57° 30'longitudewest,canbe
subdivided into twoparts,thecontinental shelf andthecontinental slope. Each
of these units, the shallow marine platform bordering the continent, and the
slope leading from the outer edge of the continental shelf down to the great
depths of the Atlantic Ocean, has its particular features. The morphology of
the continental shelf will be considered first, after which - as far as data are
available - the rather irregular topography of the upper slope will be dealt
with. A consideration of some general aspects of themorphology and development of the shoreline, bordering on the shelf area investigated, will precede a
description ofthe continental terrace. Fig.3givesthetrack chart withthelocation of the 113 stations, where samples were collected. The capitals along the
unbroken lines indicate the traverses with recorded bottom profiles.
2 . THESHORELINE

The data on which the study of the Guiana shelf is based, largely concern
the deeper parts of the shelf. Since no investigation was made closer inshore
than thesixfathom contour line,anexhaustiveinquiry intothecoastal environment isnot possible. However, some general aspects of this environment can
be gleaned from map interpretation and from studies of comparable adjacent
shorelines, e.g. GEYSKES (1947) and VAN DEREYK(1957)for observations along
the coast of Demerara and Surinam and VAN ANDEL and POSTMA (1954) for
the area ofthe northern Orinoco delta.
A smooth shoreline with marked deflections of the lower courses of minor
streams characterizes the Guiana lowland. Important interruptions in the
shoreline are formed by the funnel-shaped rivermouths of the larger river
systems, of which the estuaries of thetwomain rivers, viz.the Rio Grande of
the Orinoco delta and theEssequibo river, aremost conspicuous.
The shoreline under consideration forms part ofthe extensive Para-AmazonOrinoco chenier plain (W. ARMSTRONG PRICE, 1954). This relatively narrow
plain ofyoung sediments (cf. Fig.4),on the south bordering on the mountains
of the Guiana Shield, is mainly characterized by a belted ridge and marsh
topography ofalternate pelite (peliteisthecollective name fortotal terrigenous
material smaller than 0,05 mm.), and sand deposits. The low sandy beach
ridges("cheniers" ontheGulf Coast, "ritsen" in Surinam)ingeneralrun parallel to the shoreline, and they characteristically rest on the marsh pelite with
their bases near sealevel (BROUWER, 1953). From a reconnaissance soil survey,
madebyVANDER EYK (1957),itappearsthattheAmazon-Orinoco chenier plain
in Surinam is dominantly composed of pelite deposits, whereas sand is only
restricted to thelong-drawn ridge bundles. Also in the very neighbourhood of
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FIG. 4. Younger coastaldeposits atthefoot oftheGuiana Shield.Simplified from CHOUBERT
(1954) and other sources.

the rivers and even on the river bankspelitematerialpredominates. These data,
which are typical of the environment of the chenier plain, indicate that its
sedimentsingeneraloriginateinlowgradient riversofwhichthe sandislargely
trapped in a delta, or in rivers, where sand particles do not occur in large
quantities. On account of the evident mineralogical relation between the river
sands and the respective ridge system (VAN DER VOORDE, personal communication),however, theriversareconsidered to bethe source of the sand accumulated in the ridges. The fact that all large ridge bundles of the Guiana lowland
are situated west of the respective present or former river mouths is due to the
obliquely running surf from the N.E., which in its turn is caused by the northeasterly trades 1 ).
From the foregoing it is apparent that by far the greater part of the coastline
consists of mud flats, whereas only a minor part shows sandy beaches. The
gently sloping mud flats are broad where the coast is accretive. The landward
parts ofthesemud flats are siltedup to above thenormal flood level,and grown
over with young parwa forest, which extends seawards according as the silting
up continues. In areas which suffer from erosion, the mud flats are narrower.
The parwa forest is affected directly by the dash of the waves so that the mud
beach is covered with many tree-trunks. Besides, the shoreline has a very
typical notched form, which is probably caused by the surf obliquely running
to the coast (GEYSKES, 1947). Such indentations in the coastline seem to be
found west of the Essequibo river. From aerial observations along the coast of
Surinam and Demerara, GEYSKES (1947) concluded that a large part of the
muddy beaches has suffered from erosion, whereas only a minor part is accrex
)The frequency of the winds from the north-east quadrants amounts to 66% (of which
47% northern winds).The south-east trade windsnumber only 18%.Thecontinental winds
have a frequency of 6% ; they haveno drifting-ofTimpact of anyimportance (I.V. SAMOJLOV,
1956).
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tive.Field data arenot available,but onthebasisoftheapparent similarity in
the shoreline morphology, it seemsprobable that the same conditions exist in
thearea betweentheEssequibo andtheOrinoco.
Afew words should beadded concerning the shoreline adjoining the northwesternpart ofthe shelfarea examined,i.e. thearea ofthe Orinoco delta. The
delta has an extremely long coastline, extending from Cape Barima in the
south-east up to the Boca Vagreinthe north-west, a totallength ofabout 300
km(cf. Figs.1 and2).Thebifurcation issituatednearBarancas,about 140km.
inland;itsmainchannels aretheRio Manamo, RioMacareoand RioGrande.
The former debouches in the Gulf of Paria and seems to be relatively young,
sincetheleveesarepoorlydeveloped (VANANDELand POSTMA,1954).
A striking feature of theoutline of thedelta isformed by thewide estuaries
of the main channels, of which the Boca Grande, debouching in the open
ocean, is most conspicuous. The irregular topography of the Boca Grande
region might betaken asto indicatea slighttransgression, dueto a subsidence
of the delta area. Thepresent investigation seemsto support this supposition,
as sedimentary and morphological data afforded by the traverses across the
shelf,giveevidenceofasubsidenceoftheareaofftheOrinocodelta. Moreover,
because ofthelowgradient oftheriverchannels,theinfluence ofthetideswill
61 30'

NAUTICAL MILES

ATLANTIC OCEAN

s^o'-1
FIG. 5. Bottom topography marginal to Orinoco delta.
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be noticeable far inland 1 ). The in-going tidal stream will proceed far up the
river, thus causing a strong water movement in the estuaries. Hence, tidal
scouring andsurf actions willaffect thenumerous and extensive mud flats and
hamper thesedimentation ofthe fine-grained material. More tothe north-west
the longshore sediment drift smoothes the shoreline. The sediment in transit
causes thedeflections ofthe minor streams between theBoca Grande and Boca
Vagre.
Off the delta coast there is a broad platform (the delta-front platform of
SHEPARD, 1956), which terminates at a depth of about 5fathoms (Fig.5). This
platform hassubmerged channels directly offthe distributaries. Theouter edge
of theplatform ischaracterized bya rather sharp break inslope,which extends
down toa depth ofapproximately 30fathoms (seeFigs. 5and6).Theirregular
topography ofthecontour linesattheouter limits oftheplatform points tothe
presence of"slope gullies"(cf. SHEPARD, 1955).
3 . THECONTINENTAL SHELF

The over-all picture ofthe bathymétrie chart (cf. Fig.2)showsthat the floor
of the Western Guiana shelf forms a rather smooth platform, sloping gently
towards theshelf edge andthen bending down tothedeep-sea floor. According
to DIETZ and MENARD (1951) the change in the continental shelf slope from
gentle to steep will be called "shelf-break". This change in slope occurs at a
depth of about 55-60 fathoms. It is only slightly less than the average depth
{72 fathoms according to SHEPARD) of the shelf-break all over the world, and
presumably ithasnotbeen markedly displaced bytectonism. Themargin ofthe
continental shelf forms acomparatively simpleline,which roughly runs parallel
to the coast. The width of the shelf is 50 miles on an average, whereas the
flattest portion has a depth ranging from 25 to 50 fathoms. In front of the
Orinoco delta where the profiles show rather even slopes, the shelf declines
1: 1,100 on an average, which corresponds to a seaward slope of 0°03'. The
slope isgenerally somewhat steeper intheinner half than intheouter half.
The bathymetry of the Western Guiana shelf differs stronglyfrom that of the
shelf around Trinidad, where the most striking fact is the extreme irregularity
of the surface. Bioherms form the dominating features in the topography of
the East Trinidad area, whereasthe area north of Trinidad, which borders on
a young mountain range, shows a trough with depths of over 90fathoms and
shoals at less than 20 fathoms. There is good reason to assume that tectonic
activities have influenced the irregular topography of the continental terrace
around Trinidad (KOLDEWIJN, 1958).
Some aspects of the morphology of the Western Guiana shelf are better
recognizedinFig.6,whichshowsablockdiagram. Thisdiagramwasconstructed
with a vertical exaggeration of 330times. In the area off theOrinoco river, the
delta-front slopeaccompanying theforward building ofthe delta, extends down
to approximately 30 fathoms. The 30 fathom contour line includes a rather
narrow belt off the Orinoco, however, the area widens to the south-east. Off
the Essequibo river the sea floor between the shore and the 30 fathom line
covers more than half thewidth ofthe shelf. The outer limit ofthe delta-front
slope of the Essequibo-Demerara drainage basin, however, does not extend
*) Mean range of tide at Boca Grande 5,4feet. Mean range of tide at Barancas 2,— feet.
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FIG. 6. Blockdiagram, showing sea floor topography of Western Guiana shelf. Dotted lines
indicate 5 fathom intervals, broken lines indicate 10 fathom intervals. Below 50
fathoms the 5fathom intervals arenot given. Vertical exaggeration 330times.

down beyond the approximate depth of 10fathoms. Between the 10and15
fathoms occursabroad platform 25 mileswideonanaverage.
BeforedealingwiththeseafloortopographyofftheEssequiboriver,attention
should bepaid to the great difference in the forward growth of the Orinoco
and Essequibo drainage basins asopposed to theMississippi delta, whichhas
recently been studied so intensively by American Geologists. Whereas the
Mississippi has built a delta almost entirely across the continental shelf, the
deltas have not advanced much onthe open Guiana shelf. Aswasmentioned
before, the depositional conditions in the estuaries of the Guiana rivers are
greatly influenced by the heavy surf and the important water movements,
causedbythetides.Eventually,aswillbedemonstrated lateronin this report,
the sedimentological conditions ofthe Guiana shelf are greatly affected bythe
powerful Equatorial Current; it hasprevented thedeposition of sediment on
muchoftheWestern Guiana shelf (cf. Chapter IV,p. 78).
Fig. 7 shows the sea floor topography off the Essequibo river mouth. A
submarineridgeatabout 12fathoms,thesummitsofwhichattainto 10fathoms,
runs parallel tothepresent coastline. Thecontour chart showsthat thisridgelike feature narrows andends up to thenorth-west and south-east. It shelves
away seawardatabout 40feet permile.Asoundingline(sectionDK)overthis
ridgeshowsanasymmetricalcross-sectionwiththesteepslopefacingthenortheast (cf. Fig. 9).Themaximumbreadth oftheridgeseemstobeabout 7miles;
itrisesabout 5fathoms aboveitssurroundings. Owingtoitswidenessit might
besuggestedthatthepresentridgeisacomplexone,composedofsomeindividualridges,formed closetogether. Finesandwasdredgedfrom thesurface ofthis
submarine ridge. Shoreward oftheridge a shallow basin about 16miles wide
wasfound. Inthebasinthereareseveralirregularly shapeddepressions;one of
them, a channel-like one(A),notmore than 2fathoms deep, is most conspicuous.Duetolack ofsoundings itisnotcertain whether thisdepression hasa
seaward outlet. It is possible that more outlets intersect the above ridge-like
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structure, so that in fact several isolated ridgesmay beinvolved. The peculiar
character of the topography off the Essequibo river strongly suggests a submerged tidal flat area. The 12fathom ridge then must be considered a sandisland (or a series of sand-islands), and the basin behind it the tidal flat. The
summits ofthe ridgesystemmayformerly havebeendunes.At thetime ofthe
sandislandsand tidalflatwerebeingflooded,thecharacteristic features ofthe
originalpattern would no doubt havebeensomewhatcovered. Thereaderwill
have understood, that the above-mentioned 12fathom break in the seaward
slopeisrestrictedtotheareaofftheEssequiboriver.
Not uncommonly, sea floor features like the above have been described as
terraces.Asthisnameisincommonusethepresentwriterwillapplythisterm.
However, it should be taken into account that the feature described above
becomes conspicuous only when represented by a profile to a scale which is

FIG. 7. Bathymetry off the Essequibo river. Note presence of submarine ridge at about
12fathoms. Forfurther description seetext.
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FIG. 8. Smooth profiles of the inner- and middle shelves andarough topography of the area
near the shelf-break.

greatlyexaggerated vertically. This,sincethe width of thebodyissoextensive
ascompareditsheight.
It appears that also atgreater depths some terrace-like features have been
preserved. Theycanbedetectedfrom thebottom profiles, whichhaverevealed
many important characteristics of the seafloortopography. The bottom profiles, which were plotted from the fathograms are given in Appendix 1,to a
scalevertically exaggerated 54times.The sediment found willbe dealt within
Chapter II.
It wasfound thattheinnerandmiddleshelvesgenerallyhavefairlysmoothprofiles, whereastheoutershelfmostlypresentsaratherroughtopography(cf.Fig. 8).
Especially near the shelf-break the surface israther irregular. Experience from
echo sounding data has taught us that asmooth topography commonly indicates unconsolidated sediments, whereas a rough one generally points to a
rocky bottom (DIETZ, MENARDand HAMILTON, 1954).This alsoapplies to the
uneven surfaces in the shelf-break region under consideration. Indeed, locally
hardcalcareousdepositsweredredgedupintheseenvironments(cf. p.15).
In the south-eastern part of the area investigated (see Appendix I,sections
DM,DX,DK, DW,DN,DI)occursaseriesofwellpreserved stepliketerraces
andelevations,whereasmoretothenorth-west,rightintheareaofftheOrinoco
delta, rather smooth profiles (see Appendix I,sections DG, DH, DO) with
onlyminortopographicirregularitiesarefound(cf. Fig.9).Aplausibleexplanation for this feature isthat off the Orinoco delta sedimentary aggredation has
concealed topographic irregularities, suchasformer ridgesand otherbreaksin
slope. This would imply that more tothe south-east where the shelf is less
T T ^ T ^ ^ ^

;

O f l M PLATFORM

NAUTICAL MILES

FIG. 9. Echo sounding profiles of shelf off Essequibo river (section DK) and off Orinoco river
(section DH); vertically exaggerated 54 times. Note absence ofstep-like terraceon
section DH. Section DK shows breaks atapproximately 12fathoms and 30 fathoms.
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smooth, since the time when the sea had reached its present level, the rate of
sedimentation hasbeeninsufficient soasto bury thetopographic irregularities
completely.
The various sounding profiles, obtained during the cruise, will now be
described in more details. The well terraced profiles in the south-east will be
considered first, whileat the same timetheywill serveasbrackground for the
recognitionofsimilarterrace-likefeaturesontheshelvingprofilesofftheOrinoco
delta.
The most south-eastern of the traverses, section DM (see Fig. 3) runs- as
most of the other sounding Unesdo -, roughly perpendicular to the coastline,
startingin10fathoms andextendingacrossthecontinentalshelf.Togetherwith
the DY section both profiles give, with an interruption of about 5 miles, a
transverse section over the shelf, crossing the shelf-break to a depth of 110
fathoms. The fathogram readings indicate a rather smooth sea floor, with a
gentlebreakatabout 12fathoms. Thisbreakhasalreadybeen describedabove.
Seawardfrom thebreak at 12 fathoms arisesahill,thetop ofwhichattains to
18fathoms. There isanother break at about 45fathoms, while at a depth of
about28fathoms somesmallundulationsarenoticeable.
Section DX, starting in 10fathoms of water, cuts theinnerpart oftheshelf
diagonally in a northern direction to endat a depth of20fathoms. Abreak in
slope occurs at 12 fathoms, indicating the 12fathom level. Directly seaward
from this shallow marine terrace there isa second break at about 15fathoms.
Asimilartopography wasfound intheDM section.
Thebottom profile of theDKsection alsoshowsthe existence of a break at
12fathoms and farther seaward another break at 30fathoms is well marked.
Landwards from the 12fathom level, the sections DM, DK, and DX show
a basinabout 16mileswideonanaverage.
Section DW, starting in27fathoms in the outer part ofthe shelf revealsthe
presence of an elevation about 1mile wide, at 33 fathoms. Down the slope
arises a dome-shaped hill with steep sides at 45 fathoms. Similar phenomena,
occurring in the outermost part of the shelf, however, will be described belowingreaterdetail.
Starting 10milesfrom shore at a depth of 8fathoms, the DN section shows
various terraces and hills.The shoreward part of the profile has aflatbottom
shelving away seaward into a slightly steeper slope at 10fathoms. Before the
secondchangeinslopeat about 19 fathoms, thereisanotherflatportion onthe
shelf, about 2milesacross.At about 4milesfrom the shelf-break shoreward a
flattenedridge, 1 mile across,is conspicuous at 41 fathoms. Landwards from
thisisa basin about 5 mileswide.
BothDIsections(Stations 1046-1051and 1052-1055)runningclosetogether,
reveal the presence of a flattened hill about 8miles across,with tops reaching
36and 38fathoms respectively. Shoreward ofthiselevationadepression about
5 miles wide, was observed. A break in slope at about 30 fathoms, farther
shoreward,ishardlyvisible.Around Station 1047smalltrench-like depressions
approximately 12 feet deep and about 3/4 miles wide are found. From the
availableinformation their originisdifficult toascertain.
The bottom profile of the DV section,starting in 14fathoms water shows
small undulations at 13and 18fathoms. The area farther seaward, up to the
outer shelf, where there are some minor irregularities, presents a smooth
topographywithanalmostinvisiblebreakinslopeatabout46fathoms.
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With the exception of the well marked edge of the delta front deposits the
sections DG,DH andDO, alltraversing the shelf in front of the Orinoco river
mouth, show only minor topographic irregularities on the fathograms. They
are found at depths ofapproximately 35fathoms, 40fathoms, 45fathoms and
48 fathoms.
Thesections DPandDL runclosealongtheshore,more orlessparallel tothe
coastline. The profiles from the fathograms show absence of any channel-like
depression inthevicinity ofboth theOrinoco andEssequibo river mouths.The
trench-like form of theprofile oftheDP section isdueto thecurved course of
the sounding line.
Section DZ is the only traverse which runs in a zig-zag direction over the
area of the shelf-break. This profile very clearly shows the contact between the
smooth andtherough bottom around the shelf-break. At 60fathoms, approximately2.5mileswest ofStation 1171and2milesnorth ofStation 1176,a break
isconspicuous. This break probably indicates thebeginning ofthe shelf-break.
Sometypicalfeatures ofthisprofile willbedealtwithunder "continental slope."
The roughness of the shelf surface in the immediate vicinity of the shelfbreak is characteristic in most of the bottom profiles. Approximately between
45 and 65 fathoms, a series of isolated topographic elevations were observed
(cf. Fig.10).Thetops ofthese steep-sided bodies mayrise4or 5fathoms above
their surroundings, while they maybeapproximately 200metres wide. Some of
these highs are flanked by rather broad depressions of depths which may
attain to 12 feet. A few of like the tops are pinnacles, others seem relatively
flat. Though many of theelevations are complex units (sections DVandDY),
some of them occur single (sections DI and DK). Often the outermost top of
suchacomplexunit liessomewhat deeper than theinnermost. Samples collected
from these environments mostly show hard calcareous masses (cf. Photo 1)
mainly composed of the remains of colonial-type organisms (e.g. Stations
DW 1153and DZ 1171), although unconsolidated debris ofcalcareous organisms wasalso found (e.g. Station DN 1079).Aprofile drawn from a fathogram
of the submarine part of the Mississippi-delta (DIETZ and MENARD, 1951)
shows a similar rough topography in the vicinity of the shelf-break. SHEPARD
(1937) described thisasa rowof oval-shaped hills, relating them to salt domes,
apparently because ofthegreat numberofsaltdomesintheTexasandLouisiana
land areas. CARSEY (1950) counted more than 150of these smaller topographic
forms, whose relief may reach 12feet or more, along the shelf off thecoast of
Texas and Louisiana. Many of these topographic domes are in the vicinity of
the shelf-break. From the occurring igneous intrusions in Mexico, CARSEY
nautical mile

FIG. 10.Echo sounding profiles across three topographic highs in the vicinity of the shelfbreak; hard calcareous materials were dredged up from these environments; se&
text andPhoto 1.
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assumes that some or all of these smaller topographic hills could be igneous
plugs rather than salt domes. However it maybe,it seems that up till nowthe
origin ofthesetopographic elevations hasnotbeen determined toanydegreeof
certainty. Just on finishing this manuscript, a publication by LUDWICK and
WALTON (1957) hascome outon similar topographic highsinthe north-eastern
part ofthe Gulf ofMexico,neartheedgeofthecontinental shelf between 40-55
fathoms. However, no time has been available to incorporate the data of the
above-mentioned paper inthis report.
Accordingtoa definition of LINK (1950)a biohermisanaccumulation ofthe
secreted hard parts of sessile types ofprimitive invertebrates and plants, which
accumulation is greater than the surrounding contemporaneously deposited
sediments, thus givingrisetomounds,ridges orreefs.Therigidframework that
develops, enables a reef margin to grow upward at much steeper angles than is
the case with sedimentary clastic rocks. According to this definition the above
described phenomena at the outer edge of the Guiana shelf, maybe bioherms
or reefs or erosion remnants from these forms. It is noteworthy, that on the
south-eastern part of the shelf, from section DY up to section DI, the topographic elevations occur at depths varying between 45and50fathoms. More to
the north-west, in the area right off the Orinoco delta (sections DV andDO),
these phenomena were found at depths of 57 and 63 fathoms respectively,
while section DG,themost north-western traverse, shows some similar phenomenon at about 52fathoms. Thus, except for section DH,alltraverses over the
shelf show topographic elevations near the shelf-break. It is most tempting
to suggest that a former reef hasfollowed thecoast over long distances maybe
only with short interruptions. However, such a reef must be related to a sea
level, lower than the present one. Studies of conditions which govern reef
growth andexistence, indicate a maximum depth ofwater ofabout 25 fathoms
(LINK, 1950).

Thepresenceof ridgesandbreaksinseveralplacesof theshelf, hasbeen dealt
withabove.Anumber ofthesehillsandbreaks occursatdepthsvarying between
the 30and40fathom contour Unes,andit isassumed that they were produced
atatimewhenthesealevelwasmanyfathoms belowthepresent one.Theabove
postulated reef-like bodies could then be related to a Pleistocene 30 to 40
fathoms lower sea level. However, assuming that reef development had taken
place contemporaneously all along the coast, attention should be paid to the
highsinfront ofthe Orinoco delta (sections DVandDO),whichheat distinctly
greater depths of water than the southern ones. This suggests that crustal
subsidence mayhave played a role inthearea off the Orinoco delta. However,
a moreexhaustivetreatment ofthisfeature willbegiveninChapterV.
The information of thepresent study does not give anydefinite proof ofthe
actual origin of the above described topographic highs of the Guiana shelf.
More soundings and dredgings across these phenomena together with seismic
data would benecessary soasto obtain a satisfactory solution ofthe problem.
In summing up the foregoing it has been shown, that the bathymetry of the
Western Guianashelfprovides very useful evidencefor thereconstruction of the
younger depositional history of this region. Studying the bathymétrie chart it
appeared that offthe Orinoco river no protruding recent delta hasformed; the
bathymétrie mapalso gives no clear evidence of a submerged former delta fan
in front of the Orinoco river. Farther to the south-east, off the Essequibo
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TABLE 1. Mainrelieffeatures oftheWesternGuiana shelf;depthsinfathoms,widthinmiles.
Depression
Submarine
reef-like
landward
Locaridges
bodies
of
the
ridges
tion
(secdepth
tion) depth width below top width depth width
ridge
DM
DY
DX
DK
DW
DN
DI
DV
DO
DH
DG

13
12
12
33
41
36
38

10
11
10
1,5
3
6
5

2
2
4
4
2
2

15
16
16
4
5
2,5

45

0,5

50
45
47

0,5
0,1
0,75

48
57

0,25
0,75

63

0,75

52

0,25

Other irregularities
typeof
irregularity

Depth
break

depth width

undulation
changein slope

18
45

changein slope

30

changein slope

19

undulation
changein slope

13
46

changein slope
change in slope
thesame

48
38
41

0,5
50(60)
50
53
56
0,5

55
60
70

DZ
60

drainage basin, the broad area around the 12 fathom contour line suggests a
possible flooded tidal flat area. As far as about the 10fathom contour line,
recent delta front deposits supplied from the mainland, now cover a part of
this former tidal flat environment (see Fig. 6).
Bottom profiles, drawn from fathograms, showed the existence of submarine
ridges, undulations and other irregularities on the shelf at different levels (see
Table 1). From these undulations and ridges landwards often shallow basins,
varying in width between 2 and 15 miles were observed. In contrast to well
terraced profiles in the south-east, gently sloping profiles are common off the
Orinoco delta. In the vicinity of the shelf-break a rough bottom with reef-like
bodies is striking; except for section DH, these features were noticed on all
bottom profiles.
Evidences offormer sea levels lower than thepresent one, though difficult to
indentify with certainty, seem to be present on the investigated shelf area.
Especially one level,the terrace around the 12fathom contour line,is conspicuous in a large part of the investigated shelf (see Fig. 11). Minor features at
approximately 18 fathoms might be related to the same sea level. The above
terrace extends very clearly and almost continuously from the most southeastern DM section to about 90 miles toward the north-west. This terrace
suggests,that thesealevelhad beenlongenoughabout 12fathoms soasto allow
a tidal delta to coveralargepart of the shelf in the south-east. The extent of the
12 fathom level over a long distance makes it extremely unlikely to assume,
that thisterrace has chiefly sunk owingto theburden of thedelta, asthe sinking
process would not havetaken placein such an equal way over solarge an area;
for sinking would have its maximum near the delta and its minimum at some
distance. In addition to this DIETZ (1954) reports the widespread terrace level
on the shelf around Japan at minus 20 m. (about 11 fathoms), while STEARNS
(1945) described submerged strand lines at 10to 12fathoms in the area off the
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REEF-LIKE FEATURES
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SUBMARINE TERRACES AND RIDGES

DEPTHS IN FATHOMS

_ —

36

NAUTICAL MILES

FIG. 11. Sketchmap,showinglocationsand depthsof submarineterraces,ridgesand reef-like
bodies on the Western Guiana shelf. Only conspicuous occurrences are recorded.
The depths given are approximate.

Hawaiian Islands and the Islands of the New Hebrides group. For these
reasons eustatic movements provide the best explanation of the break at 12
fathoms.
Deeper lying terraces and hills probably point to other former sea levels
lower than the 12 fathom one. The presence of a number of terraces and hills
between the rough limits of the 30and 40fathom contours is a firm indication
of low sea levels during the Pleistocene. As, however, such features must have
been flattened, and possibly entirely eliminated during the post-glacial rising of
the sea, the topography of to-day shows a rather irregular picture. Consequently, without textural and mineralogical data it is impossible to say which
levels are correlated. However, provisionally it is assumed that, except for the
12fathom level, thereisanotherformer strand linein the investigated shelf area,
namely at a depth nearing 40 fathoms. Petrographical data will be given in
support of the assumption of such a deeper lying shoreline, formed during the
Pleistocene. The present writer assumes that the reef-like bodies in thevicinity
of the shelf-break are related to the approximately 40 fathom sea level of the
Pleistocene epoch.
4. THE CONTINENTAL SLOPE

The traverse sections over the investigated shelf area were only run over the
upper part of the slope, down to a depth of approximately 150 fathoms;
accordingly only a few soundings are available from the continental slope.
Notwithstanding this paucity of data, it was yet possible to recognize some
interesting features of the slope. Most of the sounding profiles, traversing the
shelf in a seaward direction, clearly show an abrupt change of gradient in the
immediate vicinity of the so-called shelf-break. From a comparison of these
profiles some distinct differences reveal themselves with regard to steepness of
slopeanddepth of shelf-break.
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In the south-eastern part of the shelf, the profiles of the sections DK, DW,
DN and DI (see Fig. 3) show a clearly defined shelf-break at depths of 50
fathoms, 53 fathoms, 56 fathoms and 55 fathoms respectively. The profile
drawnfrom thefathogram ofsectionDY,showsabreakinslopeat60fathoms,
but there is some evidence of a shallower break at about 50 fathoms. The
sectionsDVandDOshowadistinctchangeinslope,indicatingthewelldefined
shelf-break at depthsofapproximately 60and70fathoms respectively.Though
achangeinslopemaybenoticedinthebottomprofiles ofthesectionsDH and
DG, located off the Orinoco delta, they virtually indicate the absence of a
sharp break in slope;there is only a gradual changein thebottom gradient of
thisarea(seeFig.12).
Apart from the differences in depth of the shelf-break, there are also differencesin the steepness of the upper part ofthecontinental slope.The gradient
of the continental slope in the area off the Orinoco delta is gentler than the
slopeofthesectionsmoretothesouth-east.Theupperpartsoftheslopesinthe
area oftheOrinocoriverarerarelyover 1°(thesoundingprofile ofsectionDH
shows a slope of only |-°), whereas to the south-east there is a number oflocalitieswhereslopesariseupto 5° (e.g.sectionsDKandDN).Frompublished
data it is known that virtually all slopes off large rivers are gentle (SHEPARD,
1948).Theaverage slopeto 1,000 fathoms isonly 1°20', solessthan athird of
thegradient ofthecontinental slopesingeneral;this seemsto bein agreement
withwhatwasfound ontheshelf studied.
Irregular bottom lineswerefound characterizingmanyprofiles ofthe outeredgeoftheshelfandtheupperpartoftheslope.Particularlythezig-zagpassage
from section DZ shows many irregularities of the bottom relief. Whereas the
area shoreward oftheshelf-break ismainlycharacterized byasmoothtopography, the upper part of the slope often showsirregular patterns of the bottom
relief, with many steep elevations and basins. Dredgings in these areas show
v
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FIG. 12. Four bottom profiles, showingthearea of theshelf edgeinthenorth-western part of
the region studied. Note the slight steepness of slope off the Orinoco delta; it is
increasing on theprofiles, located more to the south-east.
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thatthedeposit coveringtheslopeislargelyamixtureofpeliteandcalcareous
organic material, though in some places hard calcareous rocks were found.
The last pecularities strongly suggest outcrops of older sedimentary rocksin
thisslope.Aradiocarbon determination(byProf.DrHl.DEVRIESofthePhysicalLaboratoryinGroningen, Holland) oftheageofafully-exposed limestone,
dredged up from this environment (Station DW 1153:11,560 ± 240years,
seeTableII)confirms theabove idea. Thusthepresent topographical features
can best be explained on an assumption that a thin, though not continuous
mantle of unconsolidated sediment covers the upper part of the continental
slope.Thiscorresponds tothesuggestion that theouter edgeofthe shelf isan
areawherethroughahigherturbulence ofthewaternotmuchdeposition could
be expected (KUENEN, 1939). For a further consideration of this problem,
reference ismadetoChapterIV.
The gentle slopes off the delta region (section DG and DH)mayhave resulted from thefact, that sediments ofthe Orinoco river havelapped overthe
slope, thus modifying theabruptness of the shelf-break into a more rounded
form. Itwaspreviously shown,however, that atpresentintheareaoftheshelf
edgeanactive deposition cannot takeplace through theturbulence ofthesea.
From this it maybeinferred that thechange ofthe abrupt shelf-break into a
rounded form must have happened in the past, when the sea level wasat a
lowerstagethanitisnow.Surfandcurrentactionswouldhavegreatlyhampered
the accumulation ofthe delta front depositsatthetime,whentheshorelinewas
situated in the area of the shelf edge.However,itisassumed that therate at
which thesedimentwas supplied thenwasfaster than couldberemovedbythe
above-mentioned agencies.Inthis connection, it isremarkable that thecores,
taken from the upper slopes, have a twofold zonation (cf. Chapter II).The
topmost sedimentisapeliticcalcareousdeposit,generallyonlyafewcm.thick,
whereas thelower parts of thecores, consisting of a pelite sediment, mostly
withsiltlaminae,arequite comparable intextureandstructure withthecores
ofthe recent delta front deposits off the Orinoco river(cf. Fig.36).Inviewof
thesedatathereisreasontobelievethat nearshore sediments,whichhavebeen
deposited intheproximity ofa river, have covered theoriginal abrupt shelfbreak.
As it is highly improbable that the rough topography of the upper slopes
should have developed from thepresent-day conditions, these features might
also point to lower stages ofthesealevel during thePleistocene andpossibly
olderperiods.Severalestimateshavebeenmadeofthe amounts ofglacialand
post-glacial changes of the sea level. FLINT (1947) mentioned an estimated
lowering of the sea level in the order of 70-100 metres during the Fourth
Glacialage,whereasforthegreatestextentofthePleistoceneglaciersalowering
of 105-120 metres seems most probable. During these lowered sealevelsthe
upperpartofthecontinentalslopewouldhavebeenexposed,whileatthesame
timetherejuvenated riverstransported great quantities ofsedimenttothearea
oftheshelfedge.Turbiditycurrentsthenmayhavecarriedpartofthesedeposits
to greater depths, thus causing erosion of thecontinental slope (cf. KUENEN,
1950). So, there is good reason to suggest that a combination of subaerial
erosionandmarineabrasionengenderedtheirregular topography oftheupper
slopesunderconsideration.
As mentioned previously, the margin of the shelf forms a comparatively
simple line, running roughly parallel to thepresent coast. In thearea offthe
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Orinoco delta a deflection isconspicuous (at the beginning of section DG).A
comparison withthesubmarine topography off the Mississippidelta (FISK and
FARLAN, 1955) shows,that the singular indentation of the 50fathom contour
linepenetrating intotheshelf,hasmanypointsincommon withthe upper-end
ofa submarine canyon. Thelocation ofthisfeature off the Orinoco deltasuggests that it may be related to an old mouth of that river. No decisive answer
about the meaning of this phenomenon can be given, because of insufficient
dataconcerningthecontinentalslope.

CHAPTER II

LITHOLOGY
1. GENERAL

Thischapter willbedevoted to a description ofthesediment units and their
generallithology.Thesesediment descriptionsarelargelybased on a binocular
microscopestudy;toserveasstandardsabout 150ofthesampleswereanalysed
to ascertain the particle size distribution (see also Chapter IV), while the
carbonate content of a series of over 350 samples was measured according to
the Scheibler method.
A descriptive classification of sediments proposed by KRUIT (1954, unpublished) has mainly been followed in making the sediment map (Appendix II)
and in writingthepresent report. Thissystem ofnomenclature isbased on the
ratiosbetweenthemaincomponents ofthesediment.Thecriticallimitsare5%
and 30%;the naming doesnot include the components representing lessthan
5%ofthetotalsediment,buttheymayhavebeenmentionedinthedescription.
If a component forms more than 30% of the whole, the name is generally a
noun; if it makes up 5-30% of the sediment, it is indicated by an adjective.
However if two components represent more than 30% of the sediment, the
finer grained component isindicated byanoun, the otherbyan adjective with
theadverb "very." For example: "silt,very sandy"and not "sand, verysilty."
Lastly, if two components belong to the same size class, the noun represents
thenon-silicate part; for example: "calcarenite, very sandy".
The limits and names of the sizegrades used in this report are:coarse sand
2-0.5mm.,medium sand0.5-0.125 mm.,finesand0.125-0.05mm.Peliteisthe
collective name for totally terrigenous material smaller than 0.05 mm., while
silt has been defined asthe material between 0.05 and 0.002 mm.;claycovers
material finer than 0.002 mm. The calcareous material of sand-grain size is
called calcarenite, while the term calcirudite has been applied to calcareous
material over2mm.in size;the term calcilutite has been used to describe the
fine-grained (<0.05 mm.)calcareous material.
A few words should be added on the selection of the quantitative limits of
5and 30%.Theselimits,whichincludea broadly spacedcentralinterval,have
beenchosenfor severalreasons.Theprincipalonesare:
Firstly, experience has taught us that discrepancies between estimates and
analyses of the ratios of the main components are greatest in the central part
ofthegradation series;
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Secondly, a mixture of two sediment components in ratios of 40 and 60%
will not differ essentially from a mixture ofthe same twocomponents in ratios
of 60and 40% respectively;however, a mixture in ratios of 80and 20% will
clearly differ in structure from a mixture ofthe same twocomponents in ratios
of 60and40% respectively.
Besides the quantitative composition of the sediments, several other characteristics,varying ina regular manner from theshore outward, willbe described,
viz.: texture, structure, colour and coarse fraction. The entire coarse fraction,
which includes allmaterial larger than 60microns, hasbeen used to determine
thecharacter, andestimatetherelative abundance ofthe significant constituents
ofthe sediments (cf. Appendix III).Themostimportant constituents considered
include Foraminifera (classified aspelagic,calcareous benthonicand arenaceous
benthonic),molluscs, bryozoans,echinoids,plant remains, terrigenous minerals
(grain size and staining), glauconite and pyrites. After the general character of
the coarse fraction had been ascertained, the investigation was completed by
a quick survey of the foraminiferal composition. As it is assumed that the
Foraminifera present in abundance, arethemost characteristic members ofthe
assemblage, only the dominant species are mentioned. For a more detailed
study of the Foraminifera on the Western Guiana-Trinidad-Paria shelf the
reader is referred to the publication by C. W. DROOGER and J. P. H. KAASSCHIETER (in press).
The colours of the sediments are recorded according to the Rock Color
Chart of the Geological Society of America (1951), based on the Munsell
colour system. They were determined from samples stillwet.
The subdivision of the shelf deposits into several sediment groups is largely
based ontheseaward variations inthelithology, coarse fraction andgrain size;
accordingly the shelf bottom has been subdivided into three parts; the inner
shelf, i.e. that part of the shelf bottom which is generally not more than 30
fathoms below the surface of the sea, the middle shelf, i.e. that part between
about 30and 55 fathoms, and the outer shelf, beyond the 55-fathom contour
line. It must bepointed out, however, that the subdivision of the shelf bottom
according to depth zones is purely arbitrary, and has no precise diagnostic
value astothecharacteristics ofthe shelf deposits, asthere isno direct relation
between depth and sediment composition. Moreover, it will be clear that the
boundaries between the sediment units distinguished are rather gradual than
sharp.
From the distribution of the sediments on the surface an indication of the
present-day sedimentological conditions can be obtained. A chart giving an
overall picture ofthe distribution ofthetop three cm.of sediments isgiven on
a map (Appendix II). The regional variations in lithology, grain size, coarse
fraction and mineralogy of the samples obtained from the different traverses
were used asa basisfor constructing thismap. Inaddition some supplementary
information was obtained from data published by the British Admiralty and
the U.S. Hydrographie Office.
In order to avoid large-scale repetition, the description of the sediments on
the surface hasbeen somewhat restricted, the sediments inthecores have been
described in more detail. However, reiteration could not always be avoided.
In this chapter the reader will also find some comments on the glauconite
distribution and the C/N ratios ofthe sediment samples examined.
Much ofthe sediment description has beenrecorded intheform ofmapsand

58(2)
figures. Therefore, in reading the following descriptions, frequent reference to
the relevant supplements and figures is strongly recommended. The data on the
appendices and figures are largely self-explanatory, but, where necessary,
readers will find comments in the text.
2 . THE SEDIMENTS OF THE SURFACE

Appendix II gives the distribution of the sediments of the top few cm.
(approximately 0-3 cm.).
Broadly speaking,from the surface sediments chart itcanbe seenthat inshore
a continuous belt of pelite deposits is found, whereas on the central part of the
shelf very sandy sediments with often high contents of calcareous materials
predominate; along the shelf edge calcarenites are commonest.
The picture shows that the sediments varyina regular manner from the shore
seaward, but with a relative uniformity they parallel the present coastline.
However, it appears that the distribution of the sediments off the Essequibo
river isnot quite the same asitis off the Orinoco river, and in order to facilitate
the description, the two areas which gradually merge in one another will be
considered separately. It should be pointed out that no investigation was made
inshore of the six-fathom contour line.
a. Sediments in the areaoff the Orinocoriver
In the northwestern part of the shelf area examined, close to the land and
running along it, a belt of pelite sediments is found, extending seawards to
depths of about 35fathoms. Its first part, as far asapproximately the20 fathom
contour line, exhibits a narrow zone of pelite with a high silt content (cf.
"nearshore silty pelites," p. 31). These silty pelites are graded outward and
downward into the so-called (p. 38) "offshore pelites", which have a very high
clay content. The pelite deposits are generally very soft and dark greenish-grey
in colour (5 GY 4/1); however, many of the cores have an oxidized top of a
brownish-grey colour (5 Y 4/2). The area occupied by the soft pelite deposits
(water content about 60% by weight) shows a poor micro and macrofauna
development, and the carbonate content is low (less than 5%).
At the seaward margin the pelite bottom is bounded by a transitional zone
of calcarenitic and sandy pelite. The very sandy zone, which is less extensive
here than off the Essequibo river (see below), is restricted to a narrow belt
about 10 miles in width. The calcarenitic (and calciruditic) part of these last
deposits, which is iron-coated in places, consists (mainly) of Foraminifera,
skeletal fragments and Mollusca; in addition, a few Bryozoa, Pteropoda,
Ostracoda and echinoid spines may occur. Along the edge of the shelf, on the
upper slopes, sandy and verypeliticcalcarenites are characteristic. An exception is found in Section DO, where a tongue of very sandy deposits penetrates
into the deep waters (exceeding 80 fathoms) around Station DO 1086; still
further downwards occur very pelitic calcarenites. The calcirudite ( > 2 mm.)
component mainly consists of broken Mollusca, worm tubes, Bryozoa and a
few corals; echinoid fragments were also found. By far the greater part of
the faunal remains is distinctly water-worn.
At the Stations DI 1046 and DZ 1172, 1176, 1177, in the coarse fraction
( = all material coarser than 60 microns) iron-brown pellets and fragmental
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constituents werefound inabundance besidescalcareous débris.X-ray analyses,
carried out by Dr J. Ch. L. FAVEJEE, have shown that the pellets and the other
constituents mentioned aremainlycomposed ofgoethite.Aqualitative chemical
analysis of visually similar material from the Paria-Trinidad shelf (cf. KOLDEWIJN, 1958) revealed that besides iron especially phosphate is a significant
component here. Hence the above author described this material as "brownphosphatic grains".However, the X-ray analyses ofthematerial of the Western
Guiana shelf did not point to the presence of iron phosphates. It might be
possible that the goethite hasadsorbed some phosphate.
b.Sediments intheareaoff theEssequiboriver
From the sediment chart it can be clearly seen that off the EssequiboDemerara drainage basin there is a different zoning. The pelite belt is narrower
already, predominantly silty,and generally found within the 10-fathom contour
line (cf. "nearshore silty pelites",p. 31).These deposits are characterized by a
low carbonate content, which usually does not exceed 5%, and a high water
content varyingbetween 44and 60%. At Station DM 1072,thetop 5cm.-layer,
a pelite (5 GY 4/1) with an admixture of lime (15%) and fine sand (18%),
rests on a greenish-grey pelite (5 GY 4/1) with a limecontent of only 2%. The
samplefrom Station DL 1070alsoexhibits a sand component. From its composition in these samples (cf. Chapters HI and IV) it can be inferred that it has
originated from the vast sand cover around the submarine ridge, which lies
about 12 fathoms below the surface of the sea. On and around this ridge (see
Chapter I) very sandy deposits predominate; the sand is generally very well
sorted (median about 80 microns) and the lime content is rather low (2-10%).
At the Stations DK 1062, 1063 and 1064, which are situated in a channel-like
depression (cf. Chapter I), an interruption in the extensive fine sand cover was
found. An admixture of coarse sand is evident, aswell as a substantial increase
in calcareous components.
The very sandy deposits of the middle shelf are generally coarser and have a
high content of calcareous material (notably, the Stations DY 1166, DW 1158,
DI 1047),while they often show a distinct iron coating of both the silicate and
the calcareous groups of the sediment. The calcareous débris, composed predominantly of Foraminifera, skeletal fragments and also of some Mollusca and
Bryozoa, is mostly broken and water-worn; the coarser fragments in particular
are worn out and iron-coated. The coarse sands, which mineralogically are
clearly different (see Chapter III) from the extensive fine-sand cover of the
inner shelf, were found in the Sections DY, DK, DW, DI, DV, DO and DZ, at
depths ranging from 35 to 50 fathoms approximately. They form a zone more
or lessparallel to the present coast line and extend north-westward to the area
off the Orinoco river. Pelitic and sandy calcarenites, with occasional coarse
calcareous components, cover the area along the shelf edge. Hard limestone,
consisting of consolidated débris of calcareous organisms, was found at the
Stations DW 1153and DN 1079,at depths of 70 and 56,5 fathoms respectively.Thesamplesarecomposedpredominantly ofworm tubeswithsome Bryozoa,
Foraminifera, Mollusca, skeletal fragments and only somecoral débris.
In short, the sediment distribution shows that off the Orinoco river pelite is
much the commonest, while the very sandy deposits are mainly restricted to a
rather narrow strip at depths ranging from 40 to 50 fathoms (see Appendix II
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and Fig. 13); off the Essequibo river sand is by far the commonest constituent
of the deposits, occurring inavery wide belt at depths roughly varying between
10and 50fathoms, while pelite dominates only inanarrow zone in the shallow
coastal water. Offboth theOrinoco andEssequibo rivers, along theentire
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FIG. 13. Variationsincarbonate-sand-peliteratiosalongtwoprofilesacrossthecontinental
shelf of Western Guiana, off the Essequibo river (Section DK) and off the Orinoco
river(SectionDH),respectively.

length of the shelf-break, calcarenites predominate; coarse calcareous materials
of colonial-type organisms (lime secreting worms, corals and Bryozoa) were
found atdepths between 45 and 70 fathoms. They have probably originated
from the reef-like features described in ChapterI.
c. Miscellaneous
Foraminifera
The only microfossils that have been studied in somewhat greater detail are
the Foraminifera. However, the results have been dealt with only cursorily,as
a detailed study of the microfauna distribution in relation to ecological factors
lies beyond the scope of this investigation. For amore exhaustive treatment of
the Foraminifera of the Western Guiana-Trinidad-Paria shelf the readeris
referred to the publication by Mr C. W. DROOGER and Mr J.P.H. KAASSCHIETER, paleontologists in the University of Utrecht (in press). The results of
the preliminary study, carried out by the present author, can be summarized
as follows (cf. Fig. 14and Appendix III).
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FIG. 14. Distribution oftheforaminiferal associationsinsurface samples.

(1) Closetotheshoreanalmost complete absenceofForaminifera wasobserved;
salinity variations and rapid sedimentation apparently cause unfavourable
conditions to these organisms.
(2) The number of species and of individuals increases according as thedepth
and thedistance from theshore increase;pelagic Foraminifera abound only
in themiddle and outer shelf deposits.
(3) There isa marked zonation intheforaminiferal distribution, whichextends
even to thearea offthe Orinoco river.
It appeared to be possible to distinguish four foraminiferal assemblages;
however, thetechnics of taken samples didnot include thedistinction between
dead andliving material. Hence, theauthor cannot vouch that the associations
do not include displaced oreven fossil material. Theforaminiferal assemblages
established areasfollows:
(a) The Rotalia-Nonionella assemblage (mainly R. beccarii,R.sarmientoi and
Nonionella atlantica), in which also Virgulinapontoni often occurs, is characteristic intheshallowcoastalwaters.Itmayberemarked that ofthetwospecies
Rotalia sarmientoi and Rotalia beccarii, the former is more frequent off the
Essequibo than offthe Orinoco. In thedeeper samples ofthis zone, Nonionella
dominates over the assemblage, while Elphidium poeyanum, Bolivina striatulaspinata, Uvigerinaperegrina and Cancrissagra areother characteristic species;
however, in thearea off the Essequibo mouth Uvigerinaperegrina and Cancris
sagra occur in minor quantities only. The assemblage is found in both pelitic
and sandy deposits.
(b) TheLiebusella-Eponidesfauna (L. soldaniiandE.antillarum)istransitional
to that ofthevery sandy deposits ofthe middle shelf.This zone isless distinctly
developed in the north-western part of the shelf area than off the Essequibo
river. The sediment cores from this zone often show mixed faunas, which
feature is considered to be in connection with reworking and redeposition of
faunal components from other environments (seep. 42).
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(c) The Amphistegina assemblage {A. lessonii)was found tobecharacteristic
of thevery sandy deposits ofthe middle shelf. Other characteristic members of
this assemblage are various species of the genera Quinqueloculina (e.g. Q.
lamarckiana) and Cibicides.Thepresence of many worn and discoloured specimens suggeststhat theassemblagecontains subrecent fauna elements.
(d)The Cassidulinafauna ischaracterized bythedominance of several species
of the Cassidulinidae family, viz.C.neocarinata, C.subglobosaand C.laevigata
var. curvata. Other species regularly occurring in the outer shelf deposits are
Planulinafoveolata, Ehrenbergina spinea and Uvigerina flintii. The assemblage
seems to beadapted to deeper and especially colder waters.It should be noted,
however, that a number of the specimens, being worn and covered by an iron
coating, aresupposed tobeofsubrecent orPleistocene date.
Organic matter
The organic carbon and nitrogen content of 28 surface samples from the
sections DH, DI, DL, DM, DY and DP was determined by Mr Eisma of the
Royal Dutch/Shell Laboratory atAmsterdam. Thepercentages were calculated
on thedryweight ofthewhole sample.
The organic carbon content proved to range from 0.100to0.84%;thenitrogencontentvaried between 0.025and0.157%.Therelation between the organic
carbon and nitrogen content and both the sediment texture and the distance
offshore isdepicted in Fig. 15.Thepictures of Fig. 15a clearly affirm what was
disclosed before by other investigators, namely the definite relation between
grain size and organic content (cf. TRASK, 1939; KUENEN, 1950). The smallest
amounts of organic matter arefound inthevery sandy sediments that are poor
in pelite, whereas the largest quantities occur in the nearshore pelite deposits.
The higher organic content of the fine-grained sediments is said to have especially resulted from the fact that the light organic matter has settled together
withthefinesilt andclayparticles;whilefurther the fine-grained pelite material
would best protect the organic matter against oxidation (cf. KUENEN, 1950).
The values given by VAN ANDEL (1954) for the organic content of the sediments ofthe Gulf ofParia onan average arehigher than those for the Western
Guiana shelf. Theabove author mentioned averages of 0.07-0.15% nitrogen,
whereas for the Western Guiana shelf the average values range from 0.04 to
0.11%.Oncloserexamination ofthedistribution pattern ofthenitrogen percentagesinthe Gulf ofParia (cf. VAN ANDEL &POSTMA, 1954,Fig. 51),thenitrogen
content of the sediments immediately off the Orinoco delta (Boca Vagre and
Macareo) proves to differ littlefrom that ofthe sediments offthe Boca Grande.
Obviously the higher average nitrogen content of the Gulf of Paria sediments
must especially be connected with the lownitrogen content of the sandy sediments of theWestern Guiana shelf, which lie outside thearea ofthe nearshore
pelite deposits. Since of the above-mentioned sandy sediments the organic
carbon content too is lower than that of the Gulf of Paria sediments, it is
assumed that certain hydrographie conditions in the region of the sandy sediments of the Western Guiana shelf impede the accumulation and preservation
of organic matter (cf. Chapters IVandV).
The distribution ofthe carbon-nitrogen ratios over theWestern Guiana shelf
shows that the nearshore samples have a higher C/N ratio than those from
farther offshore (Fig. 15b). From Fig. 15a it already appeared that the total
percentage of organic matter too is highest in the nearshore pelite deposits.
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FIG. 15a. Relation between the organic nitrogen/carbon content and the sediment texture.
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FIG. 15b. Thecarbon/nitrogen ratios (C/N) and their location offshore.

Since also most of the plant remains were found in the nearshore sediments
(cf. Appendix III) a relation between the organic content and the presence of
terrigenous plant substancesisobvious. Onthe other hand,inthe open ocean,
far offshore, there will be relatively little organic matter that has come from
land. The main source of organic matter in open sea is generally of marine
phytoplanktonic andzooplanktonic origin.Theinitiallyvery rapid decreasein
the C/N ratio in offshore direction (from 7.6 at Station DH 1045 to 4.3 at
Station DH 1042; cf. Fig. 15b) passing into a very gradual increase farther
offshore (5.4 at Station DH 1039) suggests that at a great distance offshore
thereisanincreasingamountoforganicmatterofplanktonicorigin.Itbenoted
that similartrendswerefound atthesectionsDIand DM-DY.
Acomparison oftheC/N ratiosofthe sedimentsofthe WesternGuianashelf
to those of the Gulf of Paria shows that the latter are of higher value. The
C/N ratios ofthesediments off the BocaVagreand Macareo display values of
over 10whereas the average C/N ratio off the Boca Grande is about 7. From
whatwasmentioned-aboveitappearsthatthehigherC/N ratioshaveespecially
resulted from the higher Ccontent of the Gulf of Paria sediments. The explanation of the wide differences in the carbon content of the sediments off the
BocaVagre and Macareo on the one hand, and those off the Boca Grande on
the other hand, may bethat in the latter area turbulent and hence oxygenated
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conditions of the sea water, caused by the incoming oceanic swell greatly
enhance thedecomposition ofthe organic carbon material.
The average C/N ratio of the analysed samples from the area off the Boca
Grande is clearly higher than that of the samples taken off the mouth of the
Essequibo river (about 6.5 off the Boca Grande against 5.5 off the Essequibo).
The lower supply of sediment and especially the much lower rate of accumulation will be the cause of the strong oxidation of the carbon, resulting in the
C/N ratios offtheEssequibo being lower than off theBoca Grande (cf. Fig. 35).
Summarizing itmaybeobserved: (1)that the higher organic content of the
Gulf ofParia sediments points to thefact that theconditionsfor accumulation
are much more favourable in thesemi-enclosed basin oftheGulf than on the
open shelf off Guiana; (2) that on the Western Guiana shelf the organic content is highest in the area of the pelite deposits off the Orinoco delta, where
sedimentation takes place at a relatively rapid rate (cf. Chapter V); (3)finally
that C/N ratios of over 10,which VAN ANDEL considers to be characteristic of
nearshore deposits with much terrigenous plant material, were not found off
the rivermouths inthearea oftheWestern Guiana shelf.
Glauconite
In the samples from the area of the 12-fathom submarine ridge off the
Essequibo river many rounded grains bright to dark green (or sometimes
yellowish-brown) in colour were found with an average diameter of 80-100
microns (seep.40).Thematerial wasvisually identified asglauconite.
The glauconite granules being of the same size order as that of the other
silicate part of the sediment (cf. p. 39),it may be assumed that they were reworked andtransported. It istherefore possible that theplace of accumulation
of the material is different from the place of its formation (a circumstance
already emphasized byother investigators, cf. PETTIJOHN, 1957). Moreover, the
author is not quite certain that the material in question is a "true" glauconite
(data recently obtained indicate that glauconite is a chemically well-defined
mineral, showing a hydrous mica structure; SHEPARD, 1957)as neither X-ray
studies, nor chemical analyses of the Western Guiana shelf material were
carried out. Sotheauthor willnot givereflections ontheoriginof theglauconite
(cf. TAKAHASHI, 1939;GALLIHER, 1935; CLOUD, 1955),but will confine himself
to summing up a fewpoints relating to theoccurrence and distribution of the
glauconite under consideration.
(1) Not all glauconite shows a granular habit sinceitwas alsofound as afilling
in the tests of Foraminifera. Granular glauconite larger than 100microns
was found inthecoarse-grained very sandy deposits ofthemiddle shelf.
(2) Although the material under consideration abounds in the area off the
Essequibo river, it is not confined to this region; the glauconite granules
occur inalmostallplaces ofthe shelf where sand isanimportant component
of the sediment. On the other hand it is virtually missing in the regions
with pure pelite deposits (e.g.theoffshore pelites,p.38).
(3) Summing up the regional variations in the glauconite content of the shelf
sediments, it can be said that on an average glauconite is scarce in thearea
off the Orinoco (less than 1 % ofthecoarse fraction), whereas itis common
to abundant off the Essequibo, the amount increasing to a maximuminthe
sediments covering the 12fathom submarine ridge(about 10%ofthe coarse
fraction).
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(4)The sediments with a maximum glauconite content (i.e. the sediments
covering the 12 fathom submarine terrace) occur in a preponderantly nondepositional environment, where pronounced turbulent conditions cause a
reworking and transportation of the bottom sediments; however, it isassumed that there must be periods of quiet water, during whichtime some
pelite material can settle (cf. Chapter IV).
(5) The areal distribution of organic matter shows low percentages of both
carbon and nitrogen in the region of maximum glauconite content as per
data available. The values of the C/N ratios ascertained range from 4.4 to
5.8 (Stations DM 1074 and 1075 respectively), while the organic nitrogen
content amounts to 0.031and 0.034.
3. THE SEDIMENTS IN THE CORES

Thelocationsof thestationswherethecoreswerecollected isshown in Fig.16;
the general lithology concerned is represented in Fig. 17. For a better understanding of the text a sketch map showing the areal distribution of the distinct
sediment types (Fig. 18)willbefound useful.
The purpose of the study of the sediment cores was to investigate the lateral
and vertical changes in lithology, the areal distribution of the sedimentary
facies, and the relationship between sedimentary facies and the characteristics
of the deposits. For this purpose seventy sediment cores were sliced vertically
and their structures and textures examined by means of the binocular microscope. The results were then integrated on a percentage log to demonstrate the
quantitative composition, while on a second log the structure was shown. The
textural column is based on the binocular microscope studies, which in turn
were controlled with the data from the various analyses. In the structural
column, the term "lamina" and "stratum" are applied in the sense of PAYNE'S
(1942) definition. To distinguish between sediments which have different
internal structures and are characteristic of particular environments, the sedimentsweredividedinto threetypes:"layered", "mottled" and "homogeneous",

FIG. 16. Locationsofsamplingwithindicationsofthetypesofobservations.
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respectively. Further, according to SHEPARD and MOORE (1955), layered
structures were subdivided into "regular" and "irregular" ones, depending on
the degree of uniformity inthe stratification. The mottled structures are characterized by the presence of pockets, nests or irregular lenses in a sediment
matrix of contrasting texture; boundaries between the contrasting textures may
be distinct or indistinct. Homogeneous or structureless sediments can for instance be found in areaswith deposits of a homogeneous mixture of sand and
pelite, or where only one constituent is present. For the type of graphic representation used, further reference should bemade to the key of Fig. 17.
A study of the sliced cores and their logs showed that there is a fairly wide
variety of sediments on the Western Guiana shelf. A classification according
to the structural,textural and coarse-fraction characteristics, and related to the
areal distribution, made it possible to group the various deposits into eight
main types.In order to givea comprehensive idea of the nature of the sediment
types, the distinct features of each group will be described separately. Apart
from the above-mentioned characteristics, the thin-section aspects of the
sediments, if typical, will be dealt with. It will be clear that the characteristics
ofeach ofthecore sediments arenot exactlyequalwithin any one of the groups,
but a remarkable similarity can be recognized in many respects.
The order of discussion of the sediment types isfrom the shore outward. The
inner shelf sediments were found to fall into three types, the middle into four
typesand the outer could be considered as one group.
a. Sediment units of theinnershelf
The preceding description of the sediments of the surface showed that there
are distinctive differences in the distribution of the sediments in the northwestern and the south-eastern part of the shelf area investigated: a relatively
narrow zone of silty pelites and a somewhat wider zone of pelite deposits are
characteristic of the area off the Orinoco river; off the Essequibo river the belt
ofsiltypeliteschangesrather suddenlyinto oneoffinesandydeposits. However,
in either area the deposits of the continuous belt of silty pelites are similar in
many respects. Therefore the features of these nearshore deposits will be described first; after that, the offshore pelites off the Orinoco river and the fine
sandy deposits off the Essequibo will be dealt with.
N e a r s h o r e silty p e l i t e s (cf. Fig. 18,typeI).
The cores from the shallow coastal waters generally show a pelite bottom,
and have several striking characteristics which differentiate them from those of
the other areas. All along the mainland coast these silty pelites occur in a
continuous belt, extending seawards to depths as great as 20 fathoms off the
Orinoco river, but only some 10 fathoms in the area off the Essequibo river.
From top to bottom the silty pelites appear to be very poor in lime (less than
2%), very soft and dark greenish-grey (5 GY 4/1) in colour, with the exception
however, of the upper 5 cm. layer, which is often oxidized (5 Y 4/2). The
nearshore silty pelites are generally laminated by very thin silt laminae, which
arenormally onlyonetotwomm.inthickness,butthismayvaryfrom a fraction
ofa millimetreto over onecentimetre.Though regularly layered structures were
found to be the most characteristic features of the silty pelites(Photo 2), some
irregular layering and mottled structures (Photo 3), the latter caused by the
concentration of silt or fine sand in small nests,could be observed.
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The heavy line separatesthe calcareousfrom the non calcareouscomponents.
The heavy line t o the right indicates a carbonate content
between 0-5% ; absence of heavy line indicates zero per cent
of carbonates.

SYMBOLS FOR MICRO*AUNA

LAMINAE *( < 1 cm)
STRATA _
0 - 1 0 cm)

OTHER SYMBOLS
Distribution marks.
4- continued throughout length of core profile.
j _ continued t o depth indicated.
$ alternate layers.
4- undefined.

DISTURBED LAYERING -DISTINCT —
NESTSf
INDISTINCT —

e

LENSES —
HOMOGENEOUS —

G R A I N S I Z E (cf. chapter IV)
s
silty pelite: usually
laminated
c
pelite w i t h high clay
content; homogeneous
M C \ mixtures of C/S pelite and
MS ƒ well sorted fine t o medium
sand
mixtures of C pelite and ill
FC
sorted medium t o coarse
sand
MC/F MC sediments with admixture of Fsand

M I C RO FA UNA (cf. chapter II)
c Cassidulina association
a Amphistegina association
e Eponides-Liebusella association
r Rotalia-Nonionella association
u Uvigerina peregrina association
ca ae \ transitional faunas
mixed faunas
a/r, c/r ^ mi
cores mottled
e/r
) 'n appearance

M I N E R A L O G Y (cf. chapter111)
1 epidote-hornblende association
2 staurolite association
3 epidote-hornblende-metamorphic group association
4 epidote-hornblende-hypersthene association
5 epidote-zircon association
Va mixed mineral associations
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FIG. 17b. Graphic representation of core profiles examined (continuation).

The cores from Section DP and the Stations DH 1044, 1045, DO 1093 and
DV 1144, which are all located directly off themouth of the Orinocoriver, show
a pelite deposit with only a trace of sand-sizeparticles. From grain size analyses
(see p. 64 and Fig. 27), it also appears that from the shore outward there is a
progressive gradation in the sediments, the sand and silt content decreasing and
the clay content increasing. Moreover, it is striking that lamination is best
developed in the cores taken in the shallower waters. For example the cores
from the Stations DH 1045 and DV 1144and also from Station DN 1084 even
showthepresence ofstrata, whereasinthecoresfrom deeper waters laminations
are rare (Stations DH 1043 and DP 1096). From the microscopic examination
it appears that the laminations, which usually occur in sets (Photo 4), are
visible because of the alternate layers of very silty pelite and silt. It is suggested
that these silt beds have resulted from the winnowing effect of wave action in
the shallow waters. From the lower to the higher level no regular changes in
thickness of the laminae could be observed; nor is there any regular textural
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FIG. 17C. Graphic representation of coreprofiles examined (continuation).

gradation suchasanincreaseincoarseness ofthe siltwithdecreasing depthof
deposition,andthereispracticallyno"gradedbedding"inthesiltbeds.
In contrast tothe nearshore silty pelites off the Orinoco river, some of the
cores from the area off theEssequibo rivershowapelite deposit with a sand
admixture, which may exceed 20percent. (Station DL1070). This sandis
usually nothomogeneously mixed with the pelite, but itisconcentratedin
pockets, patches or irregular lenses, giving thecores in question a mottled
appearance. The diameter of the pockets normally ranges from afew mm.to
one cm., but may reach as much as 5cm. (Station DL 1071). Such structures
have resulted from thevarious activities of burrowing invertebrate organisms,
whichhavedisturbed theoriginallylayereddeposits.Themineralogicalcompo-
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FIG. 17e. Graphic representation of core profiles examined (continuation).

sition (seeChapterIII) andthegrain sizerelationships showthat the sand-size
material has derived from the immediately surrounding sands, which abound
in the area round the 12-fathom submarine ridge. Moreover, the grain size
analyses of the samples of single traverses from shore outward show that the
sand-size particles cannot have been transported from the river mouths, sand
only being deposited approximately as far out as the 6 fathom contour line
(seeChapter IV).Thedeposits ofthemottled structures,located near theriver
mouths,must therefore havetwo sources of sediment,viz.:thepelite material,
which is largely the result of the discharge of suspended load by the Guiana
rivers,and thesandthat isonly suppliedperiodically, whenerosion andtrans-
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FIG. 17f. Graphic representation of core profiles examined (continuation).

port of the outlying sandy bottoms take place during extreme waveand current
conditions.
The core section from Station DN 1083 reveals a vertical change in the sediment composition, the upper part of the core consisting of a more or less
homogeneous mixture of very fine sand and pelite, whereas the lower part is
similar to the laminated silty pelites described above. Mineralogy and particle
size support the assumption that this sequence may have been caused by a
westward shifting of very fine sand (median diameter about 60microns) from
the very sandy area off the Essequibo river (seeChapters III and IV).
The coarsefraction analyses (cf. Appendix III) of the nearshore silty pelites
showed that thematerial coarser than 60microns generally constitutes less than
1 per cent, of the total sediment. Exceptions were found in the cores of the
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FIG. 18. Sketch map showing areal distribution of sediment types distinguished. Types are
defined in text.

Stations DL 1070, 1071, DM 1072and DN 1083,wherethe percentage of the
coarse fraction is somewhat higher, but this increase is due to the distinctly
greater sand content of these sediments. In most samples plant remains are
common which show orientation parallel to the bedding in thin sections.
Pyritesiscommon inmany samplesandfound in smallaggregates; sometimes
it also appears asfillingin smaller Foraminifera. Glauconite is only found in
placeswheresandoccursinappreciableamounts.Bothmicrofauna andmacrofauna are poorly represented; in some samples they are even entirely absent;
however, in the cores from the Stations DI 1052and DN 1084thin irregular
beds of silt, containing many shells and shell fragments, were found. The
presence ofappreciable amounts of smallovoid or sphericalaggregates,sometimesflattened,is a notable feature in some samples (e.g. Stations DG 1035,
DH 1045, DI 1050). Possibly these bodies are faecal pellets of mudeating
animals. Often they are light grey in colour (alsoorange-coloured aggregates
werefound), of rather looseconsistency, and made up offinepelitic material;
some ofthesepelletsinclude small sand grains.Themaximum diameter of the
aggregatesvariesbetween 300and 600microns.No surface sculpturingand no
evidence of glauconization wereobserved. Curved sponge spicules were found
especially in the area off the Essequibo river. Benthonic as well as pelagic
Foraminifera are scarce, and the latter are entirely absent in many of the
samples. The genera Rotalia and Nonionella {Nonionella atlanticd) are characteristic of the foraminiferal association; in addition, a few specimens of Virgulinapontoni were regularly found. Thepresence of these genera seemsto be
favoured by the extreme ecological conditions in these shallow coastal waters
withtheir ratherlowandvariable salinity(chlorinity < 18°/ooCI).
Offshore pelites(cf. Fig. 18,TypeII)
Off the Orinoco river the nearshore silty pelites are graded outward and
downward into theoffshore pelites,whicharedeposited inwatermostlydeeper
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than 20 fathoms. The offshore pelites are finer and more uniform than the silty
pelites. They occur off the Orinoco river in an area some 20 miles in width,
narrowing and ending in the south-east; they are absent in the area off the
Essequibo river. The offshore pelites are homogeneous, structureless, soft
deposits, with a lime content ranging from 1 to 5 per cent.; the pelites are
generally dark greenish-grey (5GY 4/1) or greyish green (10 GY 5/2) in colour.
On examination of the thin sections of vertical profiles, a more or less simultaneous extinction was observed, which probably indicates (sub) parallel
orientation of the clay particles (Photo 5).Apart from this microstructure there
are no other outstanding features. Particle size analyses show a very high clay
content, which increases in an outward direction and may amount to as much
as 80 per cent. The offshore pelites are the finest-grained deposits found in the
shelf area examined. Silt is only present in small quantities, and thin sections
show that it is homogeneously mixed with the clay constituents. Most of the
offshore pelites have no particles the size of sand; only in cores collected near
the outer margins ofthe offshore pelites,where they mergeinthe sandy deposits
of the middle shelf, could a little sand be detected. The sand, which is more or
less homogeneously mixed with thepelite,and may amount to about 2per cent,
of the total sediment, must have come from outside sources, whereas the pelite
material has mainly been brought down by the Orinoco river (see Chapter IV).
Some cores show the presence of shell fragments, and in a few cases pairs of
mollusc shells were found in the position of the living animal.
The coarsefraction (cf. Appendix III) of the offshore pelites generally constitutes less than 2 per cent, of the total sediment. Plant remains were only
found in a few samples. Pyrites appeared to be common in most of the cores.
Occurring both in small aggregates, and as filling in smaller Foraminifera, it
also appears in the form of fine particles, which are uniformly distributed over
the sediment.
Glauconite is practically absent. More remains of marine organisms were
found than in the silty pelites closer to the shore, but nevertheless microfauna
and macrofauna were present only in small quantities. The main components
of the calcareous material in the offshore pelites are represented by skeletal
fragments, Foraminifera, Ostracoda and Pteropoda. The Foraminifera exhibit
a somewhat greater number of genera than was found in the nearshore silty
pelites, but the number is still small. Pelagic Foraminifera are generally very
scarce, but the wider diversity of benthonic forms is striking. Though much
reduced in number, the genus Rotalia still exists, but the assemblage is dominated by Nonionella atlantica, with the newcomers Bolivina striatula spinata,
Cancrissagra,Elphidiumpoeyanum and Uvigerinaperegrinaperegrina. It appears
that thenumber ofspeciesand ofindividuals increaseswithincreasingdepth and
distance from shore (cf. Fig. 14).
Offshore fine g l a u c o n i t i c sands, p e l i t i c (cf. Fig. 18,type III)
The most widespread sediment of the inner shelf in the area off theEssequibo
river is a fine-grained glauconitic sand, covering the area on and around the
submarine ridge at the 12fathom level. This sand is very well sorted and hasa
pelite admixture, which generally does not exceed 20 per cent. (Stations DM
1073, 1074, 1075, DX 1161); the quantity of silt is only small, amounting to
5 per cent, roughly. The median diameter of the sand is about 80 microns, the
maximum diameter generally less than 150 microns. The sands are greyish
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olive green in colour (5 GY 3/2) and of loose consistency; the lime content is
normally less than 10 per cent. Irregular variations in the sand-to-pelite ratios
may result in a vaguely mottled structure,but thiswasseldom met with. More
often a more or lesshomogeneous mixture of sand and pelitewith a consequent
structureless appearance was found. However, the core of Station DN 1081,
which has a distinctly higher pelite admixture (approximately 40 per cent, of
thetotal sediment issmaller than 50microns), showed thepresence of indistinct
pockets and patches, while the homogeneity of the core section of Station DM
1074is interrupted by alternate thin beds of pelite and sand. It is worth noting
that themaximum diameter ofthesand of StationDN 1081 issomewhat smaller;
only 2 to 5per cent, of the mineral constituents being larger than 100 microns;
irregular differences in the coarseness of the sand particles occur in the core
section from Station DM 1074,where alternate layers offineand very fine sand
were observed.
The core from Station DX 1164, forming a transitional type between the
nearshore silty pelites and the offshore sands, had only a 15 cm. sand layer
resting onthe pelite deposits.The upper part of the pelite hasa sand admixture,
which gives it a mottled appearance; the lower part is very silty, and shows
many silt laminae.It willbenoted that a similar situation appears to exist at the
Stations DK 1062, 1063 and 1064, where grab samples showed only a thin
sandy deposit with shellfragments on top ofapelitesediment. From this picture
itcan beinferred that the sands arenotuniformly distributed, sincethey abound
in the area of the 12-fathom submarine ridge, and generally form but a thin
cover over the large area behind the ridge.
The study of the coarsefraction (cf. Appendix III and Photo 6) showed that
the material coarser than 60 microns, which averages 40 to 80 per cent, of the
total sediment, is mostly detrital sand. The sand grains are predominantly
angular to sub-angular in shape (cf. POWERS, 1953), and only few are stained
with yellow and red iron oxides. Glauconite is an important constituent and is
abundant in most of the samples;it occurs as rounded grains with a diameter
smaller than 100microns, and is dark-green in colour, plant remains are scarce
or entirely absent in most of the samples, with the exception of the core from
Station DX 1164,in which they are quite plentiful. Pyrites is scarce, and occurs
mainly as filling in Foraminifera. Remains of marine organisms are also rare,
but they are more frequent in the top layers of the sediment. Mollusca, Pteropoda, echinoid spines, Foraminifera, Ostracoda and the skeletal fragments of
these organisms make up the most important part of the calcareous material
of the sediments. The surface samples from the Stations DK 1062, 1063, 1064
and DX 1164 reveal the presence of considerable amounts of shell fragments,
most of them coated with a dark brownish stain. The sand of Station DK 1064
is of a local type. It is distinctly coarser and poorly sorted; many of the grains
are iron-coated, and glauconite is practically absent. The mineralogy of this
sand shows differences as compared with the adjacent sands (cf. Chapter III).
Both benthonic and pelagic Foraminifera are poorly represented, the latter
being almost absent. Among the benthonic Foraminifera Rotalia, R. beccarii
and R. sarmientoi in particular, is considerably more abundant than the other
genera, but along with increasing depths of the sediments a decrease in quantity
could be observed. Less abundant, but still characteristic of the foraminifera
assemblage, are the Nonionella and Elphidium genera.
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b. Sediment units of the middle shelf
The description of the surface sediments showed that the middle shelf has
at least four sediment units:
(1) the sandy deposits lying off the Orinoco river, at the outer margin of the
offshore pelites (cf. Fig. 18, Type IV) merging in
(2) the very sandy deposits off the Orinoco river, which are mainly restricted to
a rather narrow strip in the area between the sections DO and DG (cf. Fig.
18,TypeV);
(3) the very sandy deposits lying in the area off the Essequibo river, which in
many respects are similar to the fine glauconitic sands of the inner shelf
already described (cf. Fig. 18,Type VI), and
(4) the outlying coarse sands, occurring in a belt more or less parallel to the
present coastline, and extending from Section DY in themost south-eastern
part of the shelf area investigated as far as Station DZ 1175 in the northwestern part (cf. Fig. 18,Type VII).
The changes in the sediment character are gradual. However a smooth gradation could not easily be demonstrated, because the samples were collected
too far apart. This may partly account for the lack of a clearly discernible
pattern of sedimentary textures in some areas. Once again it must be pointed
out that besides the structural and textural characteristics, the coarse fraction
analysis is of great significance in determining the character of the sediment
units and their interrelation.
M i d d l e shelf sandy p e l i t e s off the O r i n o c o river (cf. Fig. 18,Type IV)
The sedimentary data afforded by the traverses off the Orinoco river show
that the inner shelf offshore pelites (see page 38) are surrounded by a sediment
zone, where river-derived pelite constituents are mixed with sand-size particles.
Grain size analyses (see Chapter IV) of these sandy and calcarenitic pelites
clearly indicate that the sand is not supplied directly by the present rivers, but
is brought in from the outlying, very sandy bottoms. The sandy pelites, found
in depths ranging from 30 to 40 fathoms approximately, are predominantly
pelitic, but the proportions between pelite, sand and calcarenite vary widely;
generally speaking, the sand content varies between 10and 40 per cent., while
thelimecontent islowerthan 25percent. Thesedeposits are olive-grey(5Y 4/1)
or dark greenish-grey (5 GY 4/1) in colour. The sandy pelites off the Orinoco
river correspond to the marginal deposits of the Eastern Mississippi delta,
described by SCRUTON (1955). The most characteristic feature of the deposits
under consideration is their mottled appearance, resulting from the fact that
the sand is seldom homogeneously mixed with the pelite material, but often
appears concentrated in pockets, nests or lenses (cf. Photo 7).
Generally these pockets or nests are round or oval in cross section, and
their maximum diameter varies between \ and 2 cm. The farther seawards the
greater the number of sandy bodies in the pelite matrix, but they become less
conspicuous according as the sandy material predominates. Here the bodies
cannot differ sharply from the pelite matrix. It has been shown above that these
deposits have come from two sources of sediment. Consequently, the processes
by which the coarsest (sandy) part and the finer (pelite) one are introduced
must be different. The sandy part represents the marine supply, while the pelite
material is supplied directly by the present rivers. It is believed that under
ordinary conditions fine-grained pelitematerial willsettle,whilewhen the water
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isagitated, e.g. during the seasonal storms, varying quantities of both sand and
calcarenite material are brought in from the outlying sandy bottoms. Therefore
these deposits might be expected to consist of alternate layers of sand-size and
pelite material. This not being the case, it is assumed that the present mottled
appearance of the deposits has mainly resulted from burrowing organisms,
which have disturbed the original stratification.
It is evident from what has been said that the percentage of material coarser
than 60 microns (i.e. the coarsefraction, cf. Appendix III and Photo 8) varies
widely between individual samples. Much ofthe sand part ofthecoarse fraction
is fine-grained and well sorted, the median diameter being approximately 80
microns. Most of the sand grains are angular to sub-angular in shape, only a
few being yellow to brownish stained. Glauconite occurs, though it is scarce in
most of the samples; however, it is common at Station DO 1089. There is
evidence that the faunal character of the sand bodies differs from that of the
pelite matrix (cf. Appendix III); e.g. in the pelite material of Station DV 1147
Nonionella atlantica, Bolivinastriatula spinataand Uvigerinaperegrinaperegrina
are dominant, whereasin a sandy body inthe samecoreHanzawaia concentrica,
Eponidesantillarum,Quinqueloculinalamarckianaandlamarckianavar. bicostata,
together with arenaceous forms, are conspicuous. In addition, many shells and
shellfragments occur in the sandy bodies,while some plant remains and pyrites
(as filling in Foraminifera) were observed in the pelite matrix. This data give
additional support to the idea that both the sand and calcarenite material
originated from the outlying sandy bottoms and were introduced under certain
specific conditions (see above).
The core section from Station DH 1041 shows a 35 cm. very sandy sediment
on top of a pelite deposit. Shells and shell fragments of Mollusca, Pteropoda,
Ostracoda and Foraminifera are common constituents of the top sediment;
among the Foraminifera, Hanzawaia concentrica and Cibicidespseudoungerianus, Eponides antillarum and Liebusella soldanii are characteristic. The lower
pelite deposit is poor in both micro and macrofauna components. Pyrites was
found to be common, and occurs in small aggregates. Among the Foraminifera
Rotalia rolshauseniand beccariiwere observed.
Summarizing the faunal characteristics of these deposits, the foregoing has
shown that two different foraminiferal assemblages occur; that in the sandy
bodies shell fragments of various marine organisms are fairly abundant, while
in the pelite material a very poor macro and microfauna development was
noticed; and that there is evidence of transport of fauna specimens from the
outlying very sandy bottoms into the middle shelf sandy pelite sediments.
M i d d l e shelf fine-grained very sandy d e p o s i t s off the O r i n o c o
river (cf. Fig. 18, TypeV).
Off the Orinoco river the area of thevery sandy bottom sediments is confined
to a rather narrow belt, about 10 miles in width. This formation is very sandy
and often very calcarenitic in character, showing links with the medium to
coarse-grained sediments of the middle shelf (see p. 45); however, from the
mineralogy and grain-size certain differences in character between these adjoining deposits do become clear (see Chapters III and IV).
The deposits, predominantly consisting of a mixture of sand, calcarenite and
pelite constituents, were only met with on the traverses DG and DH, and they
were found to occur only in depths of between a good 40 and 50 fathoms. The
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sandpart, beingwellsorted,isfine-grained(median diameter 75-100microns),
andamountstoapproximately40percent,ofthetotal sediment,whilethe lime
content averages 25to 30per cent. These sediments are dark greenish-grey in
colour,varyingbetween 5GY4/1and 5G 4/1.
Aninspection ofthecoreprofiles from the Stations DG 1029and DH 1039
showsavery sandysediment intheir top part, whichbecomeslesssandyinthe
lower part of the core section. Traces of disturbed layering, together with the
presence of nests, were observed in both core profiles, which evidences the
influence ofanimalactivities onthestructure ofthesebottom sediments.Many
of the core profiles available from the area off the Orinoco river showed the
very sandy deposits to be only thin, and it is therefore difficult to escape the
assumption that sand isthinly distributed overthis area.
Thecoarsefraction(cf. Appendix III and Photo 9) of the sediments under
consideration was found to consist primarily of detrital sand and usually
reworked shells ofvariousmarine organisms.At Station DG 1028muchofthe
débris of Mollusca, Foraminifera, echinoids and Bryozoa has a distinctly
reworked appearance, being water-worn and broken, while other parts are
covered with a limonitic coating. Among the ForaminiferaAmphistegina
lessoniiisveryabundant,but Liebusellasoldanii, Eponidesantillarum and Quinqueloculina lamarckiana also make up important parts of the foraminiferal
assemblage. At the Stations DG 1029and DH 1039 Amphistegina lessonii is
present in distinctly smaller quantities, and here the foraminiferal assemblage
was found to be mainly characterized by Liebusella soldanii, Cibicidespseudoungerianus and Hanzawaia concentrica, together with the above-mentioned
speciesofthe genera Eponides and Quinqueloculina. It willbenoted that inthe
lowest part of the core profiles from the Stations DG 1029and DH 1039the
faunal débrisismuchreducedin quantity.
Middle shelf fine-grained very sandy deposits off the Essequibo
river (cf. Fig. 18, TypeVI)
Thevery sandy deposits fringing thenorth-eastern border of thearea ofthe
12-fathom submarine ridge have manyfeatures incommonwiththefineglauconitic sands of theinner shelf.Thiszone ofcalcarenitic pelitic sands andvery
sandypeliticcalcarenites,whichisprincipally confined to theareabetweenthe
SectionsDMand DN, occupies a rather narrow strip of the shelf between the
20 and 35-fathom contour lines.The dividing linebetween thevery sandydepositsoftheinnerandthemiddleshelfwassetat StationDM 1076andbetween
theStationsDK 1059and 1060,largelybecauseof thegreatchangeinthelime
content and the foraminiferal assemblage (see Appendix III).
The sand part of these deposits is well sorted, the median diameter being
generally about 80microns;it isworth mentioning that in the core of Station
DN 1080about 5 percent,ofthedetritalgrainsiscoarserthan 150microns,but
it isassumed that thiscoarser material isbrought in from the nearby outlying
coarsesands(seebelow).Thepeliteadmixturemaybeupto 30percent,ofthe
mineral constituents, and many samples show a high lime content, averaging
40percent,ofthetotalsediment.Thesedimentsmayvaryincolourfrom dusky
yellowgreen(5GY 5/2) and greyish olive-green(5GY 3/2) to light olive-grey
(5Y5/2)for thecalcarenites(StationDK 1058).Normallythereisno stratification in the sandy deposits, but an exception wasfound in the core section of
Station DM 1076, where alternate thin beds of very sandy calcarenites and
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pelite occur in the upper 75 cm. of the sediment. Irregular variations in the
mixtureofsand,peliteandcalcarenitemaycausethecoresectionsofthe Stations
DN 1080 and DW 1159 to have a somewhat mottled appearance. In the core
from Station DM 1077 the high lime content of the surface sediment continues
downward in the profile, whereas at Station DM 1076calcarenite is only dominant in the top 75cm. of the profile, the lower part of the core showing a laminated siltypelite,quite similar tothenearshore siltypelitespreviously described.
The margin between the higher sediment (calcarenite, very sandy, pelitic) and
the lower sediment (silty pelite, laminated) is fairly sharp, which points to a
definitechangeindepositionalconditions at a time before thetopmost sediment,
forming thepresent-day depositinthat environment, wasintroduced. According
to a carbon-14 dating (by Prof. Dr Hl. de Vries of the Physical Laboratory at
Groningen-Holland) obtained from the calcarenite top layer at Station DM
1076, the average age of the calcareous material is approximately 4,000 years
(see Table 2). As the calcareous material contained a certain amount of worn,
discoloured and even rounded particles, together with specimens being fresh in
appearance, it is reasonable to assume that the above C14 result was obtained
from a mixture of recent and subrecent faunal débris. In view of this, and after
comparison with data from various other sources (SHEPARD and SUESS, 1956),
it seems most probable that the C14 date would point to a definite change in
deposition conditions some 4,000 to 9,000 years ago. This point, however, will
be considered further in Chapter V of the present report.
TABLE 2. Radiocarbon ages of Western Guiana shelf samples, determined at the Physical
Laboratory at Groningen, Holland. Picked out Amphistegina lessonii specimens
are marked by an asterisk.
Location
Station DM 1076 . . .
Station DN 1079 .
Station DW 1153 .
Station DI 1055* .
Station DI 1055* .
Station DI 1055 .
Station DI 1047 .
Station DI 1047 .
Station DO 1089 .
Station DO 1089 .
Station DV 1147 .
Station DV 1147 .

Depths in cm. from surface
0-40
surface
surface
10-50
90-130
180-190
15-25
65-75
30-60
140-160
40-80
250-280

Ageinyears
3,945 ±160
12,165 ±350
11,560 ±240
5,600 ±150
5,630 ±160
6,400 ±145
14,420 ±350
17,550 ±110
3,400 ± 50
5,980 ± 60
3,210 ± 75
5,075 ± 60

The coarsefraction (cf. Appendix III and Photo 10)forms 50to 80per cent,
of the total sediment. The samples from the Stations DN 1080 and DW 1159
contain but few shell fragments and little débris of other skeletons (the lime
content amounts to about 20 per cent.). Consequently detrital sand constitutes
the bulk of the coarse fraction. The detrital grains are mostly angular to subangular in shape andeither not or only slightly stained; thecoarsest sand grains
from Station DN 1080 may range up to about 1,500 microns in size. More to
the south-east, at the Stations DK 1058, 1059 and DM 1076, 1077, the coarse
fraction consists of approximately equal amounts of faunal débris and detrital
sand. Much of thefaunal débrisand some of the detrital grainsare iron-coated.
Furthermore, it isnotable that part of the faunal remains are broken and worn
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off, while they show many cracks, a possible result of their being reworked.
Tests of Foraminifera, plates and spines of echinoids, valves of Ostracoda,
fragments of Bryozoa and especially, of Mollusca, are common constituents
of these sediments. At Station DM 1077 the presence of a 65-75 cm. zone of
distinctly finer calcarenite (median diameter about 200-300 microns) than was
found elsewhere in the core section, supports the assumption that part of the
calcareous material had been reworked and was thus subjected to size sorting.
Plant remains and pyrites were only found to be common in the laminated
silty pelite underlying the calcarenite deposit at Station DM 1076; in fact, this
part of the core section also shows the other characteristics of the present nearshore silty pelites, for instance poorly represented fauna, foraminiferal assemblage, etc. Glauconite is common in most of the sandy deposits, and is similar
to the material of the offshore fine glauconitic sands described above. At
Station DK 1058, many brownish grains occur,which may be weathered glauconite. The foraminiferal assemblage forms a striking contrast to the other
environments off the Essequibo river, previously described. As compared with
the inner shelf sediments those of the middle shelf show a sharp increase in
pelagic Foraminifera which are common in many samples. Still more striking,
however,istheoccurrence ofarenaceousForaminifera inconsiderableamounts;
inaddition,agreaterdiversityofthebenthonicforms isstriking.The assemblage
is characterized by the arenaceous Liebusella soldanii, together with several
species of the genera Quinqueloculina, Eponides and Cibicides. The large
Foraminifera Amphistegina lessoniiare fairly abundant in the samples from the
Stations DK 1058and DM 1077.
M i d d l e shelf m e d i u m to c o a r s e - g r a i n e d , very sandy d e p o s i t s (cf.
Fig. 18,Type VII)
A large area of the middle shelf contains a medium tocoarse-grained sand,
which is iron-stained and coarser than most of the other sediments. The area
extendsfrom SectionDY offtheEssequibo river asfar asStation 1175of section
DZ in the north-west, thus forming a belt more or less parallel to the present
coastlineand varyinginwidth between 10and 15 miles(cf. Fig.34,Chapter IV).
The deposits, which are mostly found in 35to 50fathoms of water, consist of a
mixture of sand, calcareous organic and pelite constituents. In much the greater
number of the samples sand is dominant and forms approximately 50per cent,
of the material. The pelite admixture generally exceeds 20 per cent., while the
limecontent on an average ranges from 20to 30per cent, of the total sediment.
These composite middle shelf sediments generally vary in colour from light
olive grey (5 Y 5/2) to dark greenish-grey (5 G 5/1). The sand part of the
sediments is only poorly sorted; the median size varies between 300 and 400
microns; in most of the samples approximately 25 per cent, of the grains are
larger than 500microns, the coarsest grains measuring about 2,000 microns; in
the core from Station DI 1055,however, only 5per cent, of the detrital grains
are coarser than 500microns.
The core sections normallyshowa structurelessdeposit;however,someof the
samples - notably from the Stations DI 1047, DO 1087, DZ 1174 and 1175 give the impression that an original stratification had been disturbed by the
activities of burrowing animals; the presence of pockets and nests of irregular
shape may support this suggestion. It isnoteworthy that in thelower part of the
cores from the Stations DI 1047 and DZ 1175, where the pelite constituents
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make up more than 50 per cent, of the material, the pockets and nests are
especially well exhibited; their presence indicates a less intensive reworking by
the burrowing bottom animals. To sum up, it may be assumed that many of
these predominantly structureless sediments were originally deposited in alternate beds of sand and pelite material; however, that owing to the action of
bottom animals the original stratification was generally effaced (cf. p. 42; VAN
STRAATEN, 1951; SHEPARD and MOORE, 1955).
The coarsefraction analyses (cf. Appendix III and Photo 11) of the calcarenitic (calciruditic) and pelitic, medium to coarse-grained sands showed that
approximately 60 to 90 per cent, of the sediment is coarser than 60 microns.
Most of thematerial is angular to sub-angular detrital sand; remains of marine
organisms are common. Only grab samples are available from the area off the
Essequibo river. Many of the sand grains from the Stations DY 1166and 1167
are clearly iron-coated, while distinctly water-worn faunal débris makes up the
greater part ofthecalcareousmaterial.Among the Foraminifera, Amphistegina
lessoniiis most conspicuous. Similar characteristics were found in the samples
from the Stations DW 1157, 1158 and 1160. In many respects the sample from
Station DK 1056israther atransitionalform thancharacteristic ofthe sediment
zone under consideration; the sand is somewhat finer, and among the Foraminifera, besides Amphistegina lessonii, an important number of arenaceous
forms, mainly Liebusellasoldaniiand Texturiella barettii, aremetwith; however,
themineralogical composition of the sand (see Chapter III) clearly points to the
relationship withthe coarse to medium sands of themiddle shelf.
Some of the cores examined (notably from the Stations DI 1047, DV 1150,
DZ 1174) revealed a marked change intheir faunal character a short distance
below the surface, whereas the cores from other Stations (DI 1048, 1055 and
DO 1087)areuniform inboth theirfaunal andlithologicalcharacter throughout
their lengths. These striking differences in neighbouring cores can be taken as
typical of this particular sediment zone. At Station DI 1047 the 25 cm. top of
the core is rich in shells and shell fragments, remains of Bryozoa and algae-like
fragments, worm tubes, Gastropoda and Crustacea fragments. The greater part of this calcareous material is deeply iron-stained and water-worn;
among the Foraminifera, Amphistegina lessoniiisabundant. This great diversity
of the calcareous material continues downward in the profile, but the Amphistegina lessonii Foraminifera become scarce, while other forms, like Nonionella,
Elphidium and Rotalia become more conspicuous; on the whole, however, the
Foraminifera are only poorly represented in the lower part of the core section.
Very important information was given by the radiocarbon method. The available data(cf.Table2)showthatthecalcareousmaterial occurring in that part of
the core at 15 to 25 cm. below the top is 14,420 ±350 years old, whereas the
material at 65-75 cm. below the top is 17,550 ±110 years of age. These data
agree very well with the supposition that most of the calcareous material at
Station DI 1047 comes from the adjacent fossil bioherm (see Fig. 10), while
only little new material has recently been added. The core section from the
nearby Station DI 1055 is distinctly different. Here Amphistegina lessonii is
dominant throughout the length of the core, while deeply stained remains of
bioherm material are absent. A carbon-14 dating of the 10to 50cm.and 180 to
190 cm. sections of this core showed 5600 ±150 years and 6400 ±145 years
respectively.
It is of great significance that it was also possible to determine the average
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age of specimens of Amphistegina lessonii, this fossil being the principal and
most characteristic in the greater part of the samples. From the core of Station
Dl 10558g. of dry samples of Amphistegina lessoniispecimenswere selected for
making a radiocarbon measurement. There is a remarkable correspondence
between the ages of three samples from this station, the average age of the
Amphistegina lessonii specimens being approximately 5,600 years (cf. TableII).
This comes up to the expectation of the material being relatively young, as in
some of the cores Amphistegina lessonii only abound in the upper part of the
profile.
From this series of radiocarbon data and the natures of the typical Amphistegina assemblages in various localities- notably the Stations DI 1047,DV 1150,
DZ 1174 - it can be concluded that deposition has been slow or practically
non-existent (in any case less than 40 cm.) during the last 5,000to 6,000 years.
But, in a few other places - for instance, the Stations DI 1055 and DO
1087- where Amphistegina lessoniiwas found all over the length of the core
profiles, a two metre sandy deposit or more must have settled during this same
span of time. Afterwards, it will be demonstrated that thesandswere certainly
not supplied by the present rivers,but have derived from the reworking of
Pleistocene deposits of fluviatile origin (see Chapters III and IV).
c. Outer shelf deposits(cf. Fig. 18,Type VIII).
The distribution of the top sediments showed that (very) pelitic and locally
(very)sandy,calcilutitic and calciruditiccalcarenitescovermostofthearea along
the shelf edge. Many of the cored sediments in this area generally have a sequence that resembles neither the middle nor the inner shelf deposits. The 0-3
cm. top is a structureless calcarenite sediment, which characterizes the present
facies of the area; the deposit underneath shows a laminated silty pelite and
gives evidence of former environmental conditions. In the core profiles the
lithological break is sharp and coincides with a distinct changeincharacter of
the coarse fraction (cf. Appendix III). This twofold zonation is typical of the
coresfrom the StationsDZ 1176,1176A, 1177,1178andDI 1046;thecore from
Station DN 1079, 50 cm. in length, showed a continuous pelitic calcarenitecalcirudite sediment.
The calcarenite deposits vary in colour from light olive-grey (5 Y 5/2) to
greyish-olive (10Y 4/2).The sand admixture of these sediments may amount to
over 30per cent. (Stations DZ 1173and 1176A), but generally does not exceed
10 per cent, of the total sediment (Stations DI 1046, DZ 1177 and DY 1169);
the angular to sub-angular sand grains, homogeneously mixed with the calcarenite, have a mean diameter of about 80 microns. The lime content varies
widely, and was found to range from about 30 per cent. (Station DI 1046) to
89 per cent. (Station DW 1156).
The character of the coarsefraction clearly shows that fossil elements (subrecent or Pleistocene), which have been deeply water-worn, iron-stained and
comminuted, form a considerable part of the faunal remains. For example,
skeletons of the more massive types of lime-secreting organisms, worms,
Bryozoa,corals and thelike,werefound at the Stations DN 1079,DW 1153and
DZ 1171. However, bearing in mind the rather rough and irregular bottom
topography in the area of the outer shelf, it is not surprising to find substantial
quantities of older material to be present, which have come from the outcrops
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of older formations (see Chapter I). The often coarse and consolidated fossil
shell fragments (cf. Photo 12) are therefore assumed to have largely resulted
from the reworking of the Pleistocene reef-like bodies described in Chapter I;
the carbon-14 datings of these materials, which fall between 11,560and 12,165
years (Stations DW 1153 and DN 1079) have firmly established the age of the
faunal remains to be of the Pleistocene epoch. Among those faunal remains
which are probably largely autochthonous as they havenofossil and reworked
appearance, the Foraminifera are dominant. Pelagic forms abound and constitute the majority of the Foraminifera in many of the samples (cf. Fig. 14).The
benthonic fauna seemsto be adapted to deeper and especially colder waters, as
is characterized by the dominance of several species of the family of the Cassidulinidae,viz. Cassidulina laevigatavar.curvata, C.subglobosa,C. neocarinata,
C. subcalifornica and Ehrenbergina spinea. Other species regularly occurring in
the calcarenite deposits of the outer shelf are Planulinafoveolata, Uvigerina
flinti, Bolivinagoesiand Eponidesregularis.
The core section of Station DO 1086 is somewhat different from the other
coresinthisarea.The upperhalf ofthecoreprofile shows avery sandy sediment
with much reworked and iron-stained faunal débris, an abundance of pelagic
Foraminifera, and the characteristic foraminiferal assemblage of the outer shelf
calcarenites already mentioned-above. The lower part of thecore profile reveals
a decrease in the size and quantity of the sand, while Foraminifera are only
poorly represented; the structure of the sediment ismottled. In addition to the
frequent occurrence of well rounded and polished calcareous material, most of
which is undeterminable and has not any relationship with that in other cores,
it isstrikingtoobservea greatchange intheforaminiferal assemblage.Instead of
the Cassidulinafauna, the Nonionella, Rotalia, Virgulinaand Elphidium genera
have become conspicuous. Moreover, the occurrence of plant remains and
pyrites as filling in Foraminifera may be noted (cf. the core section of Station
DI 1047, described at p. 46). Judging from these sediment characteristics the
lower part of the core profile must have been deposited in rather shallow water,
which was probably characterized by seasonal salinity variations, whereas the
upper part of the core section (approximately 150cm.) was laid down after the
principal risein sealevelat theend ofthelastglacialstage.Thenearby biohermlike feature, indicated on the bottom profile of section DO (see Appendix I),
might havebeen the source ofthe stained, wellrounded and polished calcareous
materials.
The coarse fraction of the silty petites (cf. Appendix III), underlying the
calcarenite top layer of the Stations DZ 1176, 1176A, 1177, 1178 and DI 1046,
differs very little from that of the recent nearshore silty pelites previously
described (p. 31). In both places the coarse fraction makes up only a very
subordinate part of the total sediment; microfauna components are rare, and
practically absent in some samples. Plant remains and pyrites are common
constituents in most samples. Foraminifera are almost entirely absent in the
silty pelites, but at Station DI 1046an assemblage wasfound which was rich in
UvigerinaperegrinaperegrinaandBolivinabarbata.Besides.thesesimilaritiesthere
areneverthelessdifferences betweenthissedimentandthatoftherecent nearshore
pelites. Though there is only a slight difference in colour (5 GY 4/1-5 G 4/1),
the silty pelites under consideration are firmer, and when twisted they are stiff
enough to fracture (Station DZ 1176A).
From the foregoing discussion of the outer shelf sediment cores it can be
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concluded that in most places the calcarenite cover forms only a thin coating;
but that in some places this deposit is somewhat thicker (Station DN 1079)
owing tothe accumulation ofreworked olderdeposits,mainly bioherm material
of Pleistocene age;and that thelower siltypelite deposits,judging bytheir great
similarity to recent nearshore silty pelites, were deposited in shallow coastal
water in the proximity of a river at a time when the sea was at a lower level in
the Pleistocene epoch.

CHAPTER III

MINERALOGY
1. GENERAL

Since most of the samples of the Western Guiana shelf consist of a mixture
of mineral fragments and faunal débris, a short survey of the mineralogical
composition of the sediments was carried out. Thepurpose of this investigation
is (1) to describe the characteristic mineral associations, (2) to show their
regional distribution and (3) as far as possible, to determine the sources of the
shelf deposits.
C. H. EDELMAN introduced the conception of the sedimentary petrological
provincein 1933.Accordingtohisdefinition asedimentarypetrological province
is a complex of sediments which constitute a unit as regards origin, age and
distribution. Unity in origin points to a relation to the source area, while
distribution and agerefer to theposition ofthe mineral association in space and
time; in other words, each sedimentary-petrological province has its own
source of supply and geographical and stratigraphical distribution. The application of the "province" conception makes it possible to recognize the general
trends in the regional distribution of the sediments and also, by using the data
of grain size analyses(cf. Chapter IV), to ascertain whether the sandy bottom
deposits on the shelf have been supplied by the present rivers or not.
In this report, the grouping of the sediments according to their mineralogical
compositionhasbeen basedon the "heavy fraction." Heavy mineralsweretaken
for examination purposes, mainly for the following reasons:
(1) Sand is widely distributed over the area studied; consequently it could
reasonablybeassumedthatthenumber ofsamplescontainingheavy minerals
ininsufficient quantities is comparatively small.
(2) The light fraction (sp. gr. below 2.89) generally consists of a very limited
number of constituents; quartz, feldspar, mica, volcanic glass, calcite and
rock particles are the principal ones. On the other hand there is a larger
number of characteristic heavy minerals, while the relative proportions are
much more variable and typical.
(3) A quantitative determination of the light minerals is difficult and timeconsuming; the heavy fraction examination ismuch easier to apply.
(4) Thelightandheavyminerals of acertain fraction in a sediment have derived
from the same sources, and variations in the heavy fraction will generally
be reflected in the light fraction. As the main purpose of the investigation is
to study the regional distribution of the sediments, which necessitates the
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analysis of a large number of samples, a simple and rapid method is preferred.

For the heavy fraction examination, only the minerals whose specific gravity
exceeds 2.89 were studied. The fraction used for the heavy mineral studies is
restricted, ranging from 0.50 to 0.03 mm. approximately. This grade was
treated by the method usual in sedimentary petrological research (DOEGLAS,
1940). Under the microscope one hundred transparent grains were identified,
and the number of grains of each constituent mineral was represented as a
percentage of the whole. Opaque and turbid grains were omitted; alterites
were recorded as a percentage of the sum of the transparent grains. The name
"alterites" (VAN ANDEL, 1950)isused asa group name for materials which have
resulted from the alteration of various minerals. The translucent minerals
discernedwere: tourmaline, zircon, garnet, rutile, anatase, brookite, titanite,
staurolite, kyanite, andalusite, sillimanite, chloritoid, epidote, basaltic hornblende, brown hornblende, green hornblende, glaucophane, augite, and
hypersthene. The results of the heavy mineral examination have been recorded
intables,whichhavenotbeenprintedowingtothehighcostinvolved. However,
anyone especially interested in these data can always obtain microfilms at cost
price from the Geological Institute, Wageningen, the Netherlands. In addition,
the cumulative percentages of the characteristic minerals of all surface samples,
which were investigated mineralogically, wereplotted on a map (Appendix IV).
From the heavy mineral data obtained, itmaybeinferred that there are four
mineral associations to be distinguished. Their characteristic assemblages are
presented in Table 3;a generalized pattern of their regional distribution, which
should be compared with the picture of the distribution of the main grain size
types (cf. Fig. 34), is given in Fig. 19.
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2. HEAVY MINERAL ASSOCIATIONS

Themineralassociationsestablishedareasfollows:
a)The EH association (= epidote-hornblende association).A largepart of
thearea off theOrinoco rivercontains a sedimentwhichischaracterized byan
epidote-hornblende association.Insomesamples(StationsDH 1045,DO1093,
DV1144),besidesepidoteand hornblende,zirconoccursinsignificant amounts.
The minerals of the metamorphic group (staurolite, kyanite, andalusite and
sillimanite) usually make up theminor components. With theexception of the
sample from Station DG 1027, the EH association was found to becharacteristic of all samples from the sections DG and DH, which had been investigated; it is also present in the samples from the Stations DO 1093 and
DV 1144. The large amount of zircon in thefine-grainedsamples from the
Stations DH 1045,DO 1093and DV 1144may represent a differentiation by
sorting, sinceit is a well-known fact that fine-grained deposits contain high
percentages of this mineral (see also p. 57); the different composition of the
samplefrom Station DG 1027willbedealtwith afterwards.
Some samples from the south-eastern area of the mineral province of the
EH deposits, e.g. the Stations DO 1088, DZ 1173 and DZ 1174, contain
important quantities of metamorphic minerals; thepercentage of staurolite in
particular isfairly high, and this isthemore remarkable sincein itspure form
(Station DH 1040)theEH association contains hardly any staurolite.Herethe
EH sediments appear to beintermingled with a second association, which fact
may be inferred from the presence of large amounts of minerals of the metamorphic group.
b)TheST'association(— stauroliteassociation). This mineral suite contains
high percentages of metamorphic minerals, and its most significant feature is
the relatively high content of staurolite. Hornblende and epidote are consist-

FIG. 19. Generalized pattern of the distribution of the heavy mineral associations (surface
samples).Thearrows indicate thehypothetical directions of supply.
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ently present, though in amounts unmistakably smaller than in the pure EH
deposits.
Some typical examples of this association are shown in Table 3. It differs
fromothersnotonlyinitsmineralcontent,butalsoinitstexturalcharacteristics:
itisnotablycoarserandmoreiron-stainedthanmostoftheothersediments.Its
distribution area extends in a zone parallel to the present coastline, at depths
ranging from 35to 50fathoms approximately; so it coincides withthe middle
shelf area of medium to coarse-grained, very sandy deposits, described in
Chapter II. Most of the submarine ridgesand other irregularities occurring at
about 30to 40fathoms belowtheseasurface (seeChapter I),werefound tobe
coveredwiththesedimentunderconsideration.Aninspectionofitsdistribution
pattern (see Fig. 19) shows that the ST sands are separated from the present
coastal area either by deposits of mineralogically very different character (off
theEssequiboriver),orbyawidezoneofveryfine-grainedpelitedeposits,which
hardly contain any sand admixture (off the Orinocoriver).
c) The EHM association (= epidote-hornblende-metamorphic group
association).Byfarthelargerpartofthesouth-easternareaof theGuianashelf
iscoveredwithsandsofathirdassociation.It maybeclassified mineralogically
as an epidote-hornblende deposit, with varying amounts of metamorphic
minerals. The EHM sediments contrast with the ST sands by their relatively
lowcontentofstaurolite;theydifferfromtheEHdepositsintheirhighercontent
of metamorphic minerals and comparatively smaller amount of hornblende.
Very fine-grained samples of this mineral province contain a good dealof
zircon, e.g. the Stations DL 1071,DN 1083,DM 1077.The most outstanding
metamorphic mineral in this association issillimanite.It may be noted that it
occursintwovarieties:thefirst varietyisprismatic,rectangular and sometimes
vertically striated/ /c; thesecondvarietyisfibrousandwasonlyfoundinvery
small quantities. The mineralogical composition of two selected samples
belongingto the association under consideration isshown in Table 3.Most of
thesamplesobtainedfrom theareaonandaroundthesubmarineridgeatabout
12fathoms(seeChapterI)arecharacterized bytheEHMsuite.
d) TheEHH association (= epidote-hornblende-hypersthene association).
This heavy mineral suite differs from the EHM assemblage, mainly by the
presence of hypersthene in notable amounts. Its distribution area is relatively
small; it was only found at the Stations DK 1061,1062, 1063,1064, 1066and
DL 1067.Thoughhyperstheneformsanormal,ifminor,constituent ofmanyof
the Guiana shelf sediments, it occurs especially at the above stations as a
conspicuouscomponent.Itseemsthatthepresenceofthismineralisaccentuated
bythecoarseness ofthe sands(cf. Tables 3and 4).Most ofthese sampleswere
collected from a thin cover over a pelite deposit nearachannel-likedepression
(cf. p. 11and61).
The stratigraphie relations between the heavy mineralassociations observed
can beinferred from Fig. 20.In sofar as data are available, it appears that in
themajority ofcasesthemineralassemblagescontinuedownwardintheprofiles.
Thecore profile of Station DL 1067,however, revealsaverticalchangeinthe
heavy mineral composition, its top containing a few cm. EHH sediment,
whereas its lower part consists of an EHMdeposit. Themeaning of thisphenomenon willbedealtwithafterwards (cf. p.61).Furthermore,itis important
to note,that thelowerpart ofthecoreprofile ofStation DI 1046consistsofan
EHdeposit.Thisisallthemoreremarkablebecausethesurrounding sediments
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are all characterized by the ST mineral assemblage. In all probability the silty
pelite of Station DI1046, which at the present time lies 113.5fathoms below the
sea surface, represents an older stage of sedimentation than that of the ST
sediments, occurring in distinctly shallower waters. The silty pelite under discussion must have been deposited when,during a Pleistocene lowered sea level,
an eastern branch of the Orinoco supplied the material to that very region.
Before considering the significance of the mineral assemblages as to their
provenance, it is essential to examinewhetherthesediments whichthey characterize petrographically represent true sediment provinces or not. An inspection
of Appendix IV reveals that the mineralogical composition of samples belonging to one of the mineral associations mentioned may vary considerably.
Such deviations from the average composition will, however, always be found,
and from experience it is known that two kinds of variations may occur within
the limits of a sedimentary-petrological province. DOEGLAS (1940, 1952) classifiedthese variations as follows:
(a) Chance variations, whichare caused by the natural statisticaldeviations and
by analysing and samplingerrors;these changes are of no geological importance and lie within narrow limits.
(b) Granular variations, which are due to differences in sorting ofthe sediment,
and which originate from fluctuations in the current velocity of the transporting agent. It wasfound in many cases that thesechanges havehad great
influence on the mineralogical composition (cf. VAN ANDEL, 1955).
3. GRANULAR VARIATIONS

In the above disquisition of the mineral associations, the importance of the
granular variations was only referred toinconnection withthevery fine-grained
sediments in which zircon abounds. But, since the mineralogical differences
between the distinct mineral assemblages partly coincide with differences in the
coarseness of the sand, it is important to determine the influence of the grain
size on the mineral frequencies. In other words, the question whether the
distinction between the heavy mineral associations is due to disparities in grain
size or to differences in the origin of the material, should be examined. In the
present case, for instance, the EHM and ST associations may quite well represent a sortingrelationship sinceit iswellknown that staurolite usually occurs in
large grainsand that frequencies ofthismineralare therefore generallyhigher in
coarse-grained sediments than in fine-grained ones. Similar correlations might
exist between the ST and EH groups or between the EHM and EHH groups.
With a view to these considerations, some selected samples from the ST as
wellasfrom the EH and EHM sandswere subjected toa fraction analysis. From
these samples sievefractions of the 420-210, 210-105, 105-74, 74-50 and 50-30
micron grades were studied. The minimum grain size of the last grade was
measured microscopically and was found to be approximately 30microns;it is
the lower size limit of the heavy minerals (cf. VAN ANDEL and POSTMA, 1954).
Because of thelack of sufficient material, no sieveanalyses could bemade of the
EHH sands, but of the samples available the frequency of the characteristic
minerals in each grade was determined by microscopic measurements (cf.
Table 4). The results of the fractional analyses were assembled instables1) and
are graphically given in the Figures 21-23.
x

) Seeremark onpage50.
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InFig.21 therelationbetweenthesizegradeandfrequency ofsomediagnostic
minerals,viz.staurolite,sillimanite,epidoteandhornblende,isgiveninrespect
oftheEH,STandEHMassociations.Thegraphsshowthatthisrelation differs
widelyineachofthemineralassemblagesmentioned.WithintheSTassociation
thepercentageofstaurolite(Fig.21a)hasastrongtendencytoincreaseaccord-
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ingasthesizegradeincreases;frequencies ofupto40percent,arecommonin
thecoarsergrades.Nosuchtendencycanbeobservedwithin the EH and EHM
sands. The fraction analyses of the EH sediments show the hornblende (Fig.
21 c),andtoalesserextentalsotheepidote(Fig.21d),tobeconcentratedinthe
coarser grades, whereas sillimanite (Fig. 21b) and (especially) staurolite (Fig.
21a) are of only minor importance in all size grades, hardly showing any
preference to a particular grade. Quite différent trends are ascertained within
theSTandEHMassociations.Fig.21bshowsthatwithintheEHMassociation
sillimanite has a pronounced maximum in thecoarser grades, while there isa
rapid decreaseinquantity goingtogether witha decrease insize.Gathering up
thepictures of thesediagrams, it appears that in general variations in thesize
fractions distinctlycoincidewithvariationsinthefrequencies ofthe diagnostic
minerals;however,alsothatwithinthemineralassociationsunderconsideration
thetrends ofthesevariations differ.
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FIG. 22. Mineralogical fraction analyses of samples from the EH, ST and EHM sands.
Horiz.: sizegrades;vert.: cumulative mineral percentages. Zircon isincluded in the
group:„other minerals".It forms thebulk of thisgroup.

The pétrographievariations with different sizegradescan also be evaluated
bycomparingthepercentagesofthevariousmineralspeciesineachgrade. For
that purpose the mineralogical composition of different size grades of three
selected samples, an EH, ST and EHM sample respectively, are represented
diagrammatically in Fig. 22. In this kind of diagram the cumulative mineral
percentagesareplottedverticallyandthesizegradeshorizontally.Thediagrams
clearly show that the sorting of each of the existing associations has no pronounced effect. Within the distinct associations the proportions between the
minerals remain almost equal in the different size fractions so that after a
sorting of the parent material each mineral association would retain its own
character. Only thefinestfractions (below 50microns) would show a distinct

58(2)

57

diminution of the characteristic minerals and an increase of zircon. Hence in
very fine-grained sediments, it would be difficult to distinguish the mineral
associations.
SIZE GRADES IN MICRONS
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Metamorphic group

Epidote
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FIG. 23a. The relation between the percentages of epidote, hornblende and staurolite in the
ST(black dots)and EH/EHM (open circles)assemblages with different sizegrades;
FIG. 23b. The relation between epidote,hornblende and themetamorphic group inthe EHM
(black dots)andEH (opencircles)assemblageswithdifferent sizegrades.

An attempt is made to illustrate the differentiation in size grade by introducingadifferent kindofdiagram.InFig.23therelativepercentagesofepidote,
hornblendeandstaurolile(respectivelythemetamorphicgroup)inthe420-210,
210-105, 105-74and 74-50microngradesareplottedinatrianglediagram;the
diametersofthecirclescorrespondtothevariousgradesofthefractionanalyses.
Fig.23ashowsthedifferentiation insizegradeintheSTassociation ontheone
hand,andtheEHandEHM associationsontheotherhand.Thoughadissimilarityisalreadytobenoticedinthefinerfractions, averypronounced difference
in mineralogical composition can be observed in the coarser grades. The
figure revealsthat thedifferentiation intheincreasing sizeofthe STsediments
is represented by a sequence directed towards the staurolite corner, whereas
the EH and EHM sediments tend to exhibit an assemblage rich in epidotehornblende. Thedifferences between theSTand theEH/EHMassociations are
therefore not duetosorting.
In Fig. 23b the relation between epidote, hornblende and the metamorphic
group (staurolite, kyanite, andalusite and sillimanite collectively) is given in
respectoftheEHandEHMsediments.Thisdiagramclearlyshowsthatespecially in the coarser grades the ratio between hornblende and the minerals of the
metamorphic group differs in theEH and EHM samples,whereas inthe finest
grades the heavy mineral assemblages are comparable in both associations.
Recapitulating it may be concluded that the differences between the mineral
associations under consideration cannot beexplained bythevariation in grain
size composition. For, then similar fractions wouldpresentan equality in the
mineralogical composition.
The possibility of a differentiation by sorting in the case of the EHM and
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TABLE 4. Variation in hypersthene, hornblende and epidote contents in EHH and EHM
sandsper different sizegrades;variation in heavy mineral content with sizegrade
(seetext).
Sizegrade in microns
Association

. . . .

Station No

50-75
EHH

75-105
EHM

EHH

105-210
EHM

EHH

EHM

1061

1064

1060

1061

1064

1060

1061

1064

1060

6

-

3

16

21

7

22

22

14

41

-

66

48

36

57

21

28

21

. . . .

53

-

31

36

43

36

57

50

65

Percentage of entire
heavy fraction per
grade

11

4

54

40

21

38

49

75

8

Hypersthene

Hornblende

. . . .

EHH sands was examined by microscopic measurements. In Table4 the percentage ofeach ofthe diagnostic minerals (hypersthene, epidote, hornblende) in
each ofthevarious fractions isgiven. Ofeach sizegrade one hundred diagnostic
grains were determined. In addition, the lower part of the table gives the percentage of the entire heavy fraction per grade per sample, or in other words it
shows the variation in heavy mineral content and size grade; for that purpose,
a hundred grains of each preparation were counted, and their sizes, i.e. their
smallest visible diameters, were noted down. The table clearly illustrates that
hypersthene has a definite preference for the coarsest grades, and further that
the coarser grades form the bulk of the heavy mineral content within the EHH
sands. Grain size analyses (cf. Chapter IV) show that the EHM sediments are
generally finer, and therelativelysmallamount ofhyperstheneinthesesediments
can therefore easily be understood. A comparison of the fraction analyses of
EHM sediments with those of the EHH deposits, however, shows that in the
latter sedimentgroup the hypersthene content is higher in all corresponding
fractions. Hence,themineralogical differences between the two sedimentgroups
cannot be ascribed to granular variations.
Theabovereflectionshaveshown that themineralogicaldifferences between the
EH, EHM, EHH and ST sedimentsarenotreducible tosortingeffects. Moreover,
none of the sedimentgroups under consideration shows the character of an
"impoverished mineral assemblage," caused by the weathering away of many
mineral species. Therefore, it can be safely assumed that the heavy mineral
associationsmentioned-above representtruesedimentarypetrologicalprovinces.
It should beemphasized, however, that within thelimits ofthevarious sediment
provinces sorting may cause important variations.
4. PROVENANCE OFTHESANDS

Now that is has been explained that the EH, EHM, EHH and ST mineral
assemblages represent a supply from different source areas, the provenance of
the sediments should be considered. The lack of knowledge about the mineral
composition of the adjacent land, however, makes it difficult to study the
provenance ofthe different mineral associations; therefore, thisproblem is only
briefly dealt with.
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VAN ANDEL (VAN ANDEL and POSTMA, 1954) mentioned sands containing
epidote and hornblende as their main heavy minerals in the area of the Orinoco
delta apex near Barrancas;the same mineral assemblage was also found along
the delta coast in the Boca Vagre and Macareo estuaries, VAN ANDEL'S description tallies very well with that of the EH sediments occurring on the shelf off
the Orinoco river. On the basis of this record, as well as of their distribution
pattern, there is good reason to assume that the EH sediments represent an
Orinoco supply. Theauthor agrees with VANANDEL that it is quite unlikely that
any but the very finest sediment (that which travels in suspension) from the
Andes orthe western Llanos should atpresent reach thelower Orinoco,because
of theverylowgradientsoftheriversystem inthat area (onanaverage 1:15,000).
VAN ANDEL also mentions the presence of a zircon association in a large area
of the western Orinoco delta, and he assumes that these sediments have mainly
derived from the Pleistocene Llanos. Therefore, there is good reason to suggest
that the EH sediments have derived from the area of the northern Guiana
Highlands (see Fig. 19), where many large affluents ofthe Orinoco river originate from. This point of view is supported by the fact that GRIFFITHS (1942)
mentioned the occurrence of epidote and hornblende inthe rocks ofthe Guiana
Shield.
Grain size analyses will demonstrate that the sands occurring at a depth
exceeding 10fathoms have not been supplied bythepresent rivers; on the other
hand, however, it is believed that the nearshore silty pelites indeed have been
deposited of late. Seeing that both sediments, viz. the outlying sands and the
nearshore silty pelites, are characterized by the EH mineral assemblage, it may
be concluded that in the area under consideration the Orinoco supply has not
changed in character since the Glacial period. At Station DG 1027 a sediment
was found containing large amounts of zircon (55%) and epidote (19%). On
examination this mineral assemblage appeared to be very similar to the EZ
( = epidote-zircon association) sediments of the eastern Trinidad shelf, discovered by KOLDEWIJN (1958); as was mentioned-above, a similar mineral
assemblage was found by VAN ANDEL in the western Orinoco delta and the
Gulf of Paria. KOLDEWIJN advanced several arguments to the effect that during
a former lower sea level (Pleistocene) a lefthand tributary of the Orinoco river,
e.g. the CaNo Macareo, may have supplied EZ sediments over a large part of
the eastern Trinidad shelf. Since at the neighbouring Stations DG 1029, 1030
and DZ 1178, EH sediments were found, Station DG 1027must be situated in
the border area of two sedimentary petrological provinces, viz. the EH and EZ
provinces.
Some information concerning the sedimentary deposits of British Guiana is
given by GRIFFITHS (1942).It refers to some pétrographie data on a boring near
New Amsterdam. The boring commenced in subrecent marine clays overlying
deposits known asthe White Sand Series,and after it had gone through 6,455 ft
of these deposits it penetrated bedrock (quartz-feldspar-porphyry). According
to GRIFFITHS staurolite, epidote and hornblende occurred throughout the well,
but only in subordinate quantities, zircon and garnet being the most common
minerals (sillimanite is not mentioned in the description). So no correlation
seems possible between this series of unconsolidated deposits and the ST sands,
which occur on the shelf.A heavy mineral examination of thecoastal sediments
of British Guiana (BLEACKLY, 1956) showed that the sand ridges along the
coast between the Courantyne and the Berbice contain conspicuous quantities
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of staurolite. The highest percentages of this mineral were found in three
localities, viz. Springlands (63%), Bush Lot (50%) and Whim (50 %). It is
striking, however, that hornblende was not mentioned among the minerals
identified. Recently KIEL (1955) studied a large number of samples from
Surinam (Dutch Guiana) for their heavy mineral content. In the coastal plains
of N.E. Surinam (viz. the younger and the older coastal plain) from S. to N.
KIEL ascertained the presence of two heavy mineral assemblages, namely the A
or staurolite-tourmaline association and theBassociation,whichmay be classified as a staurolite association; however, it contains more garnet, epidote and
hornblende than the A association (cf. Table 5).In the northernmost hill of the
undulating region, which is bounded on the north by the older coastal plain, a
tourmaline association was found, whereas near Moengo Tapoe the rocks
contain a tourmaline-metamorphic group association. The frequency of the
characteristic minerals within the associations observed is shown in Table 5.
TABLE 5. Characteristic mineral assemblages of N.E. Surinam (according to KIEL)
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Accordingto KIELthedistribution oftheAassociationindicates that its minerals have originated from the Coropina formation (Quaternary); he assumes
that the greater part of the detrital minerals of the Coropina formation have
been supplied by the Marowyne River, and have derived from chiefly metamorphic rocks rich in staurolite. The Bassociation seemsto be restricted to the
younger coastal plain. Most of the minerals of this association must also have
been supplied by the Marowyne River; however, some staurolite enrichment of
the B sediments might have taken place during the transport along the coast
from nearby French Guiana. Furthermore, sillimanite, which is also an important constituent of the shelf deposits investigated, was observed in the area
between the rivers Coppename and Courantyne in the younger coastal plain.
The studies by IJZERMAN (1931), who was the first to examine samples from
Surinam for heavy minerals, and by KIEL (1955) and BLEACKLY (1956) indicate
that the deposits rich in metamorphic minerals have their origin in the Guiana
Shield.
The composition of the mineral assemblages in N.E. Surinam and of the
coastal sediments of British Guiana makes it most tempting to suppose a
correlation between the sediments in those areas and the ST deposits of the
Western Guiana shelf. The present author, however, holds the view that the
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source of the ST sands must becloser by than N.E. Surinam. For the longshore
transport from N.E. Surinam to the area of 60° W. longitude, a distance of
about 250 nautical miles, would have more rounded up the rather coarse ST
sands. The low degree of roundness of even the large quartz grains (grade term
according to POWERS: sub-angular) within the ST deposits might bean indication that these sediments were not transported over a very great distance along
the coast. Moreover, it may especially be noted that the grain size analyses (cf.
Chapter IV) have shown that the ST sands were originally left as fluviatile
deposits; in addition, it was ascertained that they were indeed reworked by
marine action afterwards (cf. Chapter II), but certainly not to such an extent
that any conspicuous sorting took place in the course of transport (cf. p.67).
This scantiness of sorting features within the group of the STsands would be
very astonishingif these sands had come from N.E. Surinam. Consequently the
vastness of the area of the above-mentioned coarse-grained sediments lying
parallel to the coast, cannot be attributed merely to the longshore transport of
the sediments. The problem as to how the ST sands have been transported
actually will be reserved for a later consideration (cf. pp. 73and 84).
Sincethedataavailableabout themineralogicalcomposition ofthe Essequibo
and Demerara river sands areinsufficient, the question of theprovenance of the
EHM and EHH sands cannot be answered definitely. The source of the hypersthene could be connected with the volcanic series occurring in the drainage
system of the Essequibo river, whereas the sillimanite may have derived from
the granitic gneisses, which are found in both the Essequibo and Demerara
drainage basins (CHOUBERT, 1954). The distribution of the EHH samples suggeststhat their occurrenceisinsomewayconnected withan old channel-system,
of which the trends are given in Fig. 7(cf. pp. 11and 89). Since the foregoing
consideration revealed no sorting relation between the EHH and EHM sediments, they cannot have been caused by the washing-out of fine material from
poorly sorted EHM sediments, which could then have resulted in a coarse
residual deposit with a relatively high hypersthene content. In view of their
situation,ittherefore seemsmoreprobablelhatthe-EHHsandshaveheerLworkedup from a buried deposit, possibly of one of thepasses oftheformer EssequiboDemerara drainage basin. This would imply that a supply of EHH sediments
had preceded the deposition of the EHM sands. The occurrence of the EHH
sediments at the Stations DK 1066and DL 1067can be explained by assuming
that waves and currents have brought these sands to those places. Further
considerations on this problem are given in the Chapters II (p. 36) and IV
(p. 81).

CHAPTER IV

GRAIN SIZE DISTRIBUTION
1. GENERAL

Mechanical analyses were carried out with a viewto 1) describe the characteristic grain size distributions of the shelf sediments;2) show the distribution
of the grain sizetypesestablished; 3) examine whether thereare sorting features
within the grain size types and finally 4) determine the relation between size
frequency distribution and environment of deposition.
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Before changes in grain size frequencies canbe understood, itmust be known
whether the sediments have come from the same or different sources. When
considering this it is desirable first to ascertain the size frequency distributions
and the sorting effects within the sedimentary petrological provinces established
(cf. Chapter III). Subsequently it can be examined whether certain size frequency distributions are predominant in specific environments, and further
whether any mixing of material from different sources has taken place. Only
thus can changes inthe grain size distribution be understood, and consequently
the relation to the environment of deposition.
Mechanical analyses were not carried out on all samples. The samples
examined (about 150) are of the regularly recurrent types, which were studied
with the aid of a binocular microscope of low magnifying power. The results of
the analyses were illustrated as cumulative curves on probability paper with
an arithmetical sizescale (DOEGLAS and BREZESINSKA SMITHUYZEN, 1941). Symmetric arithmetical sizefrequency distributions givestraight lines on this paper.
Further this paper was chosen because the shapes of the curves are often
characteristic of certain environments and because mixing and differentiation
can easily be inferred from them (DOEGLAS, 1950).

F I G . 24. Grain size distribution types of the Gulf of Paria (cf. VAN ANDEL and POSTMA, 1954).

The analyses excluded all calcareous material: for a full description of the
preliminary treatment, of the pipette method for the fine fraction ( = the sediment finer than 53 microns) and of the sedimentation balance method for the
coarse residue ( = the sediment coarser than 53 microns), reference should be
made to HOOGHOUDT (1945) and DOEGLAS (1946, 1950).
The study of the Western Guiana shelf sediments revealed the existence of a
limited number of types of grain sizedistribution; their classification was based
on the shapes of the curves. In order to facilitate comparison with the data of
the Gulf of Paria (see Fig. 24), corresponding types are presented by the same
letter/figure combinations as used byVANANDEL for the sediments of the Gulf
of Paria (cf. VAN ANDEL and POSTMA, 1954). The types discerned will be dealt
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with inthe following paragraph, whileatthe same time reference will be made
to the sediment groups asdenned inthechapters IIand III, which they correspond to.Grain size curves forrepresentative examples ofeach type are given
inthe Figs.25,28and 30;besides,zonediagrams ofthemain types are pictured,
showing their variation in grain size distribution. The grain sizedistributions of
rare types were omitted. The numerical data of some selected samples of the
principal sediment types are presented inTable 6;apicture ofthe distribution
of the grain sizetypes, relative to the surface sediments of the shelf area studied
isgiven inFig. 34.
2. SIZE FREQUENCY DISTRIBUTIONS IN THE HEAVY MINERAL PROVINCES (cf.

Chapter III)
a. Grainsize distributionsof EH sediments
The grain size variations within the province ofthe EHsediments couldbe
classed into three main groups. Two types of pelite size frequency distributions
and onetypeofdistribution ofsandydepositswereestablished. Fig.25apresents
examples ofthe grain sizetypes discerned, whicharecalledthe S,Cand M types
respectively (cf. VAN ANDEL and POSTMA, 1954). The Stype corresponds to the
nearshore siltypelites,the Ctypeto the offshore pelites withasmall silt content
and the Mtypes tothe sandy pelites and very sandy deposits (cf. Chapter II).
The Stype may beclassified asapelite sediment generally containing more than
40 per cent, ofsilt (2-50 microns) and only a trace ofsand-size particles. The
zone diagram (Fig. 26a) shows that on an average they are about half clay(0-2
microns) and half silt. The Ctype (Fig. 26a)contains 60 up to80per cent,of
clay and only a minor amount ofsilt; sand particles are found tobeentirely
absent in the pure Ctype.
Fig.27showsthechangesintheproportions ofthevarious sizegrades, which
keep pace with theincreasing depth anddistance offshore. Thecumulative
percentages of the various grades can be read on the ordinate, while the depths
99.6

0.3 mm

0.1mm

0.2

1
2
3
4
5
6
7
8

99.6

b. EHM sediments

a. EHsediments
DG1029-M3C
DH IO4O-M3C
DH1041-M3C
DG1029-M3C
DV1144-S
DG1031-M4S
DH1039-M4C
DG1034-C

^r^fl

1 DKIO6O-M4C
2 DM1073-M4C
3 DMIO74-M4C
4 DW1159-M4C
5 DN1083-M4C
6 DM1076-M4C
7 DNIO8I-M4C
8 DL1071-M4C
9 ' DL 1068-S

%
1

//%f'

"""^\**~~~~i/h 1

/7V

/t
5/1 jjj
%fH

M 1^^/

Y

/

y

L

/(/ '

//f
8/^7

/
*/

ill//
\\\\l1.

0.3 mm

FIG. 25. Grain size distributions of E H (Fig. a) and E H M (Fig. b) sediments.

9/

64

58(2)
0.3 mm

%

0.1

0.2

a
EH sediments

EHM sediments

Â.WÈÊ/k

25

CausasF s911
^§§r JEEEjßkM
»
FIG. 26. Zone diagrams of EH (Fig.a)and EHM (Fig.b)sediments.

concerned are recorded on the scale to the right of the diagrams; the station
numbers are given to the left of each diagram. The diagrams clearly show that
on theoffshore traverses(DG,DH),thecontentof sand(ifany)andsiltdecreases,
while the clay content increases; in other words both offshore and downwards
the S type normally merges in the C type. Further it appears that progressive
sorting influenced the grades down to 8and probably even4microns.
The series of the M sediments may be subdivided into two subgroups, the
M 3 and M 4 types (cf. VAN ANDEL and POSTMA, 1954). Their curves (Fig. 25)
clearly showa more or lesshorizontal part, and inthepresent case this indicates
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mixtures of sand and pelite in different proportions. Pure M 3 and M4 sands, as
distinguished by VANANDEL in the Gulf of Paria, were not found on the shelf.
Therefore thecharacteristic curves asgiven inFig.25areindicative of mixtures
M 4 sand mixed with S
viz. M,C = M s sand mixed with C pelite; and M4S
pelite.Thesand fraction oftheMsedimentsisconfined toarather narrow range
of grain sizes, pointing to a sharp maximum and minimum size (cf. Fig.32).
The zone diagrams oftheM 3 Cand M 4 C series areshown inFig. 26a.
b. Grainsize distributions of ST sediments
The mechanical composition of the ST sediments is strikingly different from
that ofother deposits.Themajority ofthecumulative curvesexhibits uniformity
to a high degree. Almost all curves show approximately straight lines, which
are fairly even down to about 2 microns to bend sharply to 100 per cent,
afterwards (Fig. 28). The pelite content of these sediments normally varies
between 15 and 25 per cent.; it may, however, increase to 50 per cent.. The
shapes of the curves again give the impression of bimodal sediments being
involved, composed of a mixture of a poorly sorted medium to coarse-grained
sand and a C pelitic sediment. Judging from the ill sorted character appearing
from thecurves theycorrespond totheF type ofthe Gulf ofParia, as described
by VAN ANDEL. Sincepure F sands havenotbeen found ontheWestern Guiana
shelf, thesediments under consideration willbeindicated asmixtures of F sand
and Cpelite,namely FC. Thecurve of Station DI 1055canlikewise considered
to represent an FC type of distribution, however, its sediment haslost part of
the coarser grains.
The curves in the right-hand bottom corner of Fig. 28 deviate from those
indicating the general size frequency distribution of the ST sediments. The
samples from theStations DY 1168and 1169show sizefrequency distributions
that could not be classified in the FC series. These sediments are much finer
grained and a glance at their graphs shows a distinctly lower andmore sharply
defined upper size limit. Thesand fraction of these sediments shows a relation
0.5 mm

FIG. 28. Grain sizedistributionsofSTsediments.
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FIG. 29. Zonediagram ofthe most characteristic ST sediments.

to the M4 series, and their pelite admixtures point to fact that they represent
M4Cmixtures.
In summarizing the above characteristics of the ST sediments, the great
uniformity in the sizefrequency distributions (FC curves) of the samples collected in zones parallel to the coastline appears to be most conspicuous. It
indicatesthat withinthissedimentgroupthereisnoprogressivedecreaseinthe
mean grain size in a direction parallel to the coastline (cf. RUSSELL, 1939).
Distinct sorting features are very scarce and were only met with in sections
normaltothecoast(e.g.DY 1168 and1169).
The sediments of the FC type of distribution correspond to the medium to
coarse-grainedverysandydepositsofthemiddleshelf,asdefined inChapter II.
A zone diagram of the most characteristic grain size distributions of the ST
sedimentsispictured in Fig.29.
c.Grain sizedistributions ofEHMsediments
The sizefrequency distributions ofthe sediments oftheEHM mineral provincefall into twomaintypes:viz.theoneofpeliteand the other ofsand distribution. The sizefrequency distribution ofpelitecloselycorresponds to that of
the S type of the EH sediments and so required no further explanation (cf.
Fig. 26a);this type of distribution again corresponds to that of the nearshore
siltypelites(cf. Fig. 18 typeI).
On the other hand, the distributions of sand of the M type are somewhat
differentfromthoseoftheEHsediments,andtheyrequireacloserconsideration
TheMcurves(Fig.25b)correspond to thecurvesoftheM4typeoftheGulfof
Paria.The sediments under consideration are againmixedwithpelite material
in different quantities, the clay content ranging from about 5to 35per cent.
Pure Msandswerenot found. Nearly allsamplesfrom thearea ofandaround
the submarine ridges at approximately 12fathoms (cf. ChapterI) are characterizedbysizefrequency distributions oftheM4Ctype.Thelowestclayadmixture (averaging 5per cent.) wasfound in samples obtained from the crests of
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the submarine ridges mentioned (e.g. Station DK 1060). The sand component
of the M 4 C sediments is fine to very fine-grained, very well sorted and it shows
sharply defined maximum and minimum sizes. Within the group of the M 4 C
sediments (Fig. 26b) a gradation from fine to very fine can be observed, the
finest sand being especially found in the north-western part of that mineral
province (e.g. the Stations DN 1081 and 1083;cf. Chapter II, p. 40).
d. Grainsize distributions of EHH sediments
As has been shown in the Chapters II and III, the EHH sediments are of a
local type, and found in or near a channel-like depression, the trends of which
are depicted in Fig. 7.The grain sizedistributions within this sediment province
(Fig. 30) were found to be characterized by M 2 C (e.g. Station DK 1064) and
M 3 C (e.g. Station DK 1063) curves. The distinctly subhorizontal part of the
curve of the M 2 C typepoints to a sharply defined lower size limit of the sand
fraction of these sediments. Obviously this sand differs somewhat from the
pure M 2typeasdefined inthereport ontheGulf of Paria.
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3. THE RELATION BETWEEN SIZE FREQUENCY DISTRIBUTION CURVE AND ENVIRONMENT OF DEPOSITION

Before interpreting the environment of deposition on the basis of size frequency distributions, themost important resultssofar achievedby themechanical
analyses willbeshortly summarized:
(1) The study of the distribution curves showed the existence of 4 principal
grain size types, which are named the S, C, M and F types. The Cand S
typescorrespond to pelite sediments;the M and F curvesrefer tosanddistributions.
(2) The sand types did not consist of pure sand; they are always mixtures of
sand and one of the pelite distributions; admixtures of the C typeare most
common.
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(3) Mechanical data gained from samples collected during offshore traverses
(Fig.27)revealedthat sand-sizeparticlestransported bytherivershardlypass
the -10 fathom contour line. Near the river mouths the deposits contain
much silt, whereas in the regions of below 20 fathoms, even silt particles
becomescarce. From this it follows that the massof sand occurringon the
shelf isnot supplied bythepresent rivers and must be old.
(4) In water deeper than 20 fathoms (cf. Fig. 27) sediments of the C type of
distributionmaysettle;theyaretheveryfinestparticles oftheriver suspended
matter. This sediment is the only material of river origin thatat present is
transported far from its source.
The large number of mechanical data collected from marine, fluviatile,
aeolian and other deposits which have been studied in the past, led to the
conclusion that a certain type of grain size distribution can arise in more than
one environment. A very striking example presents itself when comparing the
sizefrequency distributions of the Western Guiana shelf with those of the Gulf
ofParia.Although theenvironment ofdeposition isquitedifferent, alltypes that
could distinguished on the shelf are also present in the Gulf of Paria (cf. VAN
ANDEL and POSTMA, 1954). Another example was given by NOTA (1956), who
discovered sediments of sizefrequency distributions very similar to those of the
tidal flat and aeolian deposits (cover sands), but which had been laid down in
the surroundings of a meandering and a braided river respectively. Allin all, an
interpretation oftheenvironment ofdeposition only onthebasisofamechanical
analysis is evidently hazardous. Generalizations are dangerous unless a sufficient number of samples of one formation showing theextent of the variations
within that very sediment group have been investigated. Besides, the characteristics of the microfauna and of the structure of the sediment must always be
studied in order to find out whether theycorrespond with those of the grain size
types. In this connection the features which are related to microfauna analyses
will be considered when, within the scope of this chapter, they are of any
significance. Therefore, when reading the following pages on the interpretation
of the grain size curves in terms of environment, reference to Chapter II is
desirable.
a. The S and Cseries
As has been shown above, pelite is the only river derived material that at
present is supplied over the shelf (cf. DOEGLAS, 1948). Moreover, traverses
offshore to deeper water revealed that pelite sediments of the S type of distribution normally gradate offshore downwards in those showing curves of the
C type (cf. Fig. 27). Hence it seems most likely to assume that the progressive
sorting of the material from nearshore to deep water largely depends on the
distance from the delta area.
It is plain that there is a marked decrease in the competency of the transporting agent in the area where river water flows to sea via wide estuaries.
Besides, fresh river water being lighter than sea water will flow over it, thus
forming a relativelythinsurface layer.Inthiswaymuchofthesuspendedmatter,
during its transport to the open sea, will settle in the underlying layers of what
is called the salt water wedge. So only the minute particles, still suspended in
the fresh water surface layer, will not be arrested in their seaward course, and
subsequently they may settle in open sea. The coarser particles, on the other
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hand, willhave sunk in deeper layers of water and they may be carried back in
an upstream direction by the tidal current. According to POSTMA (VAN ANDEL
and POSTMA, 1954) this process is greatly strenghtened by the estuarine water
circulation, whichischaracterized bya compensatingundercurrent of seawater,
the direction of which is opposite to that of the outflowing fresh water current
on the surface. Through this system the heavier particles, which have sunk into
thedeeper layersofthewatercolumn, arecarried back inan upstream direction,
so that their escapewillbe hampered considerably.
It isclear that sand-size particles can hardly leave the estuaries; besides, only
the very finest material (fine silt and clay) may be expected to reach the surface
layers outside the estuaries, where it can be distributed more widely by tidal,
coastal and other currents. Finally, the present writer wants to point out that
the lamination of the "nearshore silty pelites," as described in Chapter II, has
not resulted from the changes in coarseness of the river suspended matter, but
must be ascribed to the winnowing effect of wave action in the shallow waters
(cf. p. 33).
b.TheMC series
The foregoing discussion of the M sediments brought out that they consist of
mixtures of sand and pelite in different proportions; further that many of the
distribution curves show a more or less horizontal part, indicating that the
frequency distributions of the two components either do not or only partially
overlap each other. Besides, the study of the core profiles revealed that in the
present case the bimodal or composite character of the sediments is not due to
inaccurate sampling of laminated deposits, but that mixtures between sand and
pelite are the rule.
It has already been pointed out (p. 69) that the mass of sand lying over the
shelf must be old, probably residual from the Pleistocene epoch or a younger
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period, whentheseawasbelowitspresentlevel.Ontheotherhand,itisassumed
that the bulk of the fine-grained pelite material, which is mixedwith the sands
under consideration, for the greater part hasbeen supplied recently. Soin order
to determine the sedimentary facies, it would be necessary to study each component of the composite curves. The frequency distribution of the components
of composite sediments can easily be determined from the cumulative curves,
which have a distinctly subhorizontal saddle. For the more or less horizontal
part ofthe distribution curvesapproximately indicatesthelimitbetween the two
components, so that their curves can be calculated by recomputing the parts
above as well as below the saddle at 100per cent. each. Fig. 31a, for instance,
shows the size frequency distribution of such a sediment. The percentage of
pelite material, which is mixed with the original sandy deposit, is only low; it
amounts to about 7per cent. The calculated distribution of curve Bis equal to
that of thepelitematerial, whileAshowsthecalculated curvefor the sandy part
of DK 1060. In many of the composite curves, however, the size frequency
distributions of the components overlap each other, so that in such casesthe
distinction is more difficult. Much more is this true of mixtures of three and
more components. It appeared to be possible, however, to obtain synthetic
mixtures, showing size frequency distributions very similar to those found on
the shelf, by mixing a sandy material (C) with a pelite distribution equal to that
of curve B.The result of one of thesecalculations has been depicted in Fig. 31b.
On the other hand, it must bepointed out that, when separating such composite
sediments, the accuracy of the method depends on the choice of the limits
between the respective components, through which it can be affected unfavourably. The method, however, is the only one practicable that affords an insight
into themode ofdeposition ofthe originalcomponents.In thisrespect itmay be
noted that in the present case the main point is to determine the character of
the sandy part of the complex sediments under consideration; that besides, a
rough estimate of the sizefrequency distribution ofthe suspended matter, which
is supplied over the shelf nowadays, can also be obtained from Fig. 27. Therefore, in the following only the character of the sand distributions will be
scrutinized.
The Figs. 32a and b present the zone diagrams of the sandy part of EH and
EHM sediments of the M type. Each diagram covers the entire range of size
frequency distributions of this typewithin each sediment group. The type of the
deposits represented by Fig. 32 is that of fine to medium-grained, very well
sorted sands of sharp maximum and minimum sizes. According to the s shape
of the curves, they correspond to what DOEGLAS (1950) named the "s distributions." The sharp limitation at the coarse end of the frequency distributions
of the sediments concerned, indicate well defined maximum current velocities
of the transporting agent; the sharp minimum sizes point to reworking of the
deposits, which again causes the removal of the finer grades. Finally, the steepness of the diagrams indicates that the sediments were supplied by water currents only slightly varyingin competency. DOEGLAS (1950) classified these well
sorted sands asprincipally tidal flat deposits. VAN DER EYK (1957) and VAN DER
VOORDE (1957) discovered coastal sands showing very similar s shaped curves
in the younger coastal plain of adjacent Surinam (Dutch Guiana). These sands
form typical ridges, called "ritsen" in Surinam and "cheniers" in Louisiana,
which owe their formation to beachdrifting. The ridges of this type elongate
more or less parallel to the coast, and normally occur in bundles diverging
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westward. As they originate in the western banks of the estuaries, it seems
obvious that the rivers have supplied the sand accumulated in the ridges. VAN
DER VOORDE (personal communication) indeed proved the relation in mineralogybetween the river sands and the respective ridge systems.
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Because of the striking similarity between the sediments of the shelf and
those of the coastal ridges in Surinam, the author is inclined to assume that at
least a part of the shelf sediments has a similar origin (cf. p. 84). Fine-grained
sandy material may have been deposited at the mouths of the rivers, and after
the sand had been separated out of the mud banks through wave action, it was
thrown on shore and built up as ridges. Beachdrifting engendered the longdrawn ridge bundles along the coast. After the rise of sea level, since the
Pleistocene epoch, fine-grained pelitematerial mixed with these sediments, thus
forming deposits corresponding to those of the present MC curves. The MC
curves obtained vary in shape, dependent on the proportion between the sand
and pelite components.
So far, only the M 3 C and M4C curves have been considered. The M 2 C types
of distribution were found in an isolated patch in the area off the Essequibo
river. The character of the sand fraction of these sediments (Fig. 30, broken
line) bears a great similarity to that of DOEGLAS' medium s-type (DOEGLAS,
1946). The bottom material of the lower river bed and of the channels in tidal
flat areas frequently shows this type of curve. The presence of these mediumgrained sediments amongst finer ones is remarkable, and their situation in or
neara channel-like depression suggeststhat these deposits have been worked up
from the subsoil. This suggestion is strongly supported by the fact that mineralogically the sediments under consideration markedly differ from those of the
adjacent areas (cf. p. 52).They may havecome from a nearby buried deposit of
one of the former outlets of the Essequibo drainage area.
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c.TheFCseries
The size frequency distributions of the FC series show slightly undulating,
almosthorizontalcurvesandtheyindicatevaryingadmixtures ofpelite material;
thelowgradient ofthecurvespoints totheillsortedcharacter ofthesesediments.
Hence, a comparison of the FC deposits with the sediments of the MC series
clearly shows large differences. This, however, is true only of the sand grades;
calculations revealed that the pelite admixtures of the MC series are practically
identical withthose of the FC sediments.
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Considering the grain size distributions of the sand components (cf. the zone
diagram of Fig. 33), which have contributed to the mixtures of the FC series,
the character cf these curves compares very well with that of DOEGLAS' r type
(DOEGLAS, 1946). The relation between this type of curve and the environment
of deposition here could be explained in two ways: (1) The sediment under
consideration was originally laid down as a fluviatile deposit. (2) The material is that of ill sorted eluvial débris, deposited close to its source; such a
deposit can form near rock outcrops (BC type, VAN ANDEL and POSTMA,
1954). Because of the absence of rock outcrops in the vicinity of the FC sediments, point 2can be safely left out of consideration.
In the fluviatile environment the r type of distribution is mainly found in
spots where the current velocity is generally high, and significant fluctuations
mayarise. Suchconditions predominate in thechannels of rivers, so that indeed
riverbed deposits often show curves of the r type. In the environment of the
meandering river, there are at least three sub-environments, viz. those of the
riverbed, the natural levees and the flood plain. Theareal distribution of the
riverbed deposits with their considerable size range is generally rather small,
while that of the argillaceous deposits of the flood area may be much larger.
However theextent ofthe FC deposits,whichare sowidely distributed over the
shelf (cf. Fig. 34)seems to contrast with the above-mentioned characteristics of
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the meanderingriversystem. On the other hand, theriverof the braided type
withitsoften verybroad stream plainsandnumerouschannelsfits muchbetter
inthewidedistribution area oftheFCsediments.
Thebraided riverpatternmainly showssandandgravelbars,separated bya
complicatedly interwoven system of riverbeds. Finer components, which are
so characteristic of other kinds of fluvial deposits are in general only poorly
represented, or entirely absent. In this connection it is most important to remember that the FC deposits belongto one sedimentary petrological province
(theSTmineralprovince,cf. ChapterIII); andfurther that almost allsediments
ofthismineral province showed FCcurvesof distribution.

p r r j S type: ""y Pelto* dam-naled)

\

I \ \ 1 C type: fine grained pelites with high clay content
I

I M C type: mixtures ot C pelite andwell sorted line to medium sand
II

FC type: mixture! oi C pelite and poorly sorted medium

FIG. 34. Geographic distribution of grain sizetypes(surface sediments).

WithaviewtothesefactstheremarkablehydrographiepatternoftheGuiana
Lowland, caused by the westward growth of the ridge systems at the coast,
seemsworthyofconsideration.Thispatternofwestwardtrendingriverchannels
isaffected bythe N.E. trade wind, whichinits turn has contributed to beachdrifting. Assuming that similar conditions existed during the lower water
stages of Pleistocene times, they would have advanced the distribution of the
typical river sands over a large area running parallel to a former coastline.
Regarding the sediments of the ST mineral province, which deviate from the
general type of size distribution within that sediment group (= FC type), it
may be noted in passing that they probably have resulted from the reworking
bymarineactionafter thepost-glacialtransgression ofthesea.
Summarizing, it may be concluded that the sediments of the FC series are
deposits which originally were laid down in a fluviatile environment; that the
largedistribution areaandthecoarsenessofthematerial(sandandfinegravels)
probably point to the environment of a braided river; and finally that after
the rise of the sea levelfine-grainedpelite material (C type),- being the finest
suspended matter, characteristic of the long-distance transport - has been
introduced,causingthepresentFCmixtures.
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4. DISCUSSION

In addition to the results described inthis chapter some problems require a
closer consideration. They areas follows:
a. If the mass of sand found on the shelf is not supplied by the present rivers,
but is residual from former, probably Pleistocene conditions, the question
arises how to explain the phenomenon that the sandy surfaces have practically remained uncovered ever since.
b. Considering the composite size frequency distributions of the very sandy
deposits, it may bewondered whether thepelite component of the MCand
FC series could not be synchronous with the deposition of the sandy part
of these sediments.
c. Assuming that the pelite component of both sediment series mentionedabove haslargelybeen supplied sincetheseacameintocover the continental
shelf, the question remains to be solved in what waymixing ofthe sand and
pelite components have occurred.
d. Finally there should be an answer to the question whether reworking ofthe
sandy andvery sandy surfaces hastaken place.
Point a.
SHEPARD (1948), briefly discussing the principal features of the shelves,
pointed out the surprisingly large number of places all over the world where
along the outer parts of the shelf coarse sediments and even rock bottoms are
found. KUENEN (1950) reviewing the literature on this problem showed that
there isa great diversity of opinions about thecause ofold shelf deposits being
uncovered. Two explanations seem above all worthy of consideration: (1)the
absence or scarceness of recent sediment on the outer shelf might be due to
lack of supply of recent material; (2)the presence of the practically uncovered
old sandydepositswouldpoint tosomeagentthatlocallypreventsthesuspended
matter supplied from accumulating. STETSON (1939) suggested that the phenomenon under consideration is dueto the fact that since the close of theIce
Age, theoffshore sedimentation hasnotyetadvanced sufficiently asto bury the
old sandy deposits inthearea oftheouter shelf completely. He assumed that a
veneer of fine sediment has gradually formed seawards, but the fine deposits
have notyetreached theouter parts ofthe continental terrace.
The present author is in agreement with KUENEN (1939, 1950), when the
latter above all stressed two objections against STETSON'S suggestion. The
first is, that since the end of the Pleistocene epoch a thick stratum of finegrained terrigenous material hasbeen laid down over thecontinental slopeand
the deep seafloor.Thisimpliesthat anenormous quantity ofmaterial must have
been passed over theentire shelf, sothat some ofit must also have been trapped
in theouter parts. Hence thepresence ofthe uncovered oldsandy deposits must
point to an agent that prevents the material supplied from settling in large
quantities. The second objection leads to the same conclusion, though it bears
upon the faunal material. In the waters over the outer parts of the shelf planetonic life is well developed, so that shells of Foraminifera etc. would have
succeeded in covering theouter parts oftheshelf with a fairly thick stratum (at
least 20cm.),ifthey hadbeen allowed to accumulate unhindered.
For these reasons it can safely be amussed that the absence of a layer of
recent sediment, covering the old shelf deposits, cannot be ascribed to lack of
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supply of recent fine detritus. This conclusion is strengthened by the Secchi
disc readings, which were made during the field work. These readings give the
distribution ofthe transparency ofthe seawater, which depends on the concentration of suspended matter. Fig. 35 shows that low transparencies (less than
two meters) occur in the nearshore surface waters and that a gradual increase
can be observed in a seaward direction. It further appears that the 10m. line
of visibility shows a patch penetrating the deeper waters over the shelf in the
area offthemain estuary ofthe Orinoco delta.This 10m.line ofvisibility covers
the outer shelf locally, reaching areas more than 50 fathoms deep. As well
defined submarine ridges do notexist in this region, andthe depth ofthe water
column is about 90 m., it seems not likely that a stirring of bottom sediments
should have reduced the transparency of the surface water. Hence, the Secchi
disc visibilities are indicative of an important supply of fine terrestrial detritus
as far out asthe region of the outer shelf.

FIG. 35. Transparency oftheseawater(inm.),accordingtoSecchidiscreadings.

As is known the seawater movements which prevent therecent fine-grained
( = pelite) material from accumulating are caused by currents and waves. The
observations during the cruises showed that the water movement in the area
studied is dominated by a strong westward current, which forms part of the
Atlantic Equatorial Current (cf. H. POSTMA, 1953:Report onthe Hydrographie
observations, unpublished). This current, which carries water from the eastern
Atlantic to the Caribbean sea, flows to the north-west across and along the
Guiana shelf; off the Orinoco river it deflects northward, passes between
Trinidad and Tobago and proceeds around the latter island, while an offshoot
of it enters the Gulf of Paria through the Serpents Mouth. During the dry
season (in spring), according to FUGLISTER (1951), the surface current attains
an average velocity of 75 cm./sec, whereas in the rainy season (in autumn) the
velocities are only half the above value. Near the bottom the velocities are
certainly much lower because of the bottom friction; unfortunately measurements of bottom current velocities are lacking. Off the river mouths and espe-
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cially off the large estuaries of the Orinoco and Essequibo, thecoastal current
will gain strength through theinandoutflowing tidal streams.
It is clear that the fairly high surface current velocities (the relative observations made by POSTMA gave current velocities up to even 200cm./sec.) have
a great influence onthetransportation ofthevery fine well sorted material(see
Fig. 27)leaving theestuaries. Thefineterrestrial detritus slowly settles through
the water column and meanwhile it can be transported for hundreds of miles,
being kept in suspension by the turbulence of the water; it can only come to
rest in quiet waters.
DIETZ and MENARD (1951) summarized some evidence that no level of negligible motion appears to exist on the seafloor. They pointed at bottom photographs showing coarsely rippled sand-size sediments even at a depth of 750
fathoms. Naturally such features are firmly indicative of bottom currents capable of moving fairly coarse-grained material at great dephts. KUENEN (1950)
considers that on the open shelf the currents are generally too sluggish as to
transport sand; that, however, anysudden break in slope, at whatever depth it
is situated, willcauseanappreciable turbulence, which is able to stir pelite and
fine sand. Hence, the combined action of wave turbulence andcurrents results
in thetransport offinesediment,evenwhenthecurrents themselvesaretooweak
to erode the material. Obviously wave turbulence has an important function,
also in preventing the accumulation of fine-grained deposits.
The problem is now to consider those places of the shelf where one may
expect tofindaconcentration ofthe stirringaction bywaveturbulence. According to KUENEN (1939),ingeneral there willbetwo such zones.The first onelies
around the shelf-break, i.e. in the region that acts as a break of theenergy of
the long oceanic swell; the second zone is situated closer to shore, where the
slope again grows steeper in approaching the coast. Between the two zones of
maximum agitation isa belt where thewater movements arenottoo strong, so
that fine-grained material can come to rest there. Broadly speaking, KUENEN'S
concept seems to fit in well with thepicture of the sediment distribution of the
Western Guiana shelf: (1) The twofold core profiles of the area of the shelfbreak (seep.47),show only a thin (less than 5 cm.) post-glacial upper layer
of calcarenite material;besides, the rather rough and irregular topography
of the floor in that area is firmly indicative of a very slow deposition; (2) The
presence of the uncovered sandy deposits in the outer parts ofthe shelf indeed
points to conditions of the bottom sediments in general being sufficiently
agitated so as to prevent the deposition of fine material in large quantities;
(3) In the area off the Essequibo river the sediment that coversthe submarine
terraces around the 12fathom line clearly demonstrates that the turbulence of
the incoming waves largely prevents the deposition ofpelite material, the MC
curves concerned showing thelowest clay admixtures (less than 5%); (4) The
zone of the"offshore pelites" (off the Orinoco river, cf. Fig. 18) corresponds
to theconcave part of the shelf profile, where KUENEN (1939) expects noappreciable stirring of bottom sediment to arise, because in that area the waves will
pass without affecting thebottom sediments much; (5) Thebelt of the "nearshore silty pelites" with their characteristic lamination distinctly points tothe
winnowing effect of wave action in the comparatively shallow areas more
inshore, where the bottom again grows steeper (see also p. 33).
In spite of the apparently good agreement between KUENEN'S concept and
the distribution of the sediments at the surface, in the writer's opinion some
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comment is necessary. First it must be remarked that by far the greater area
of uncovered sand is not situated in the immediate vicinity of the shelf-break,
calcarenites predominating there.Thevery sandy sediments under consideration
in general occur more inshore and would thus lie beyond the so-called zone of
maximum agitation. According to KUENEN'S concept, however, it may be
supposed that the many submarine ridges and other elevations in the distribution area of the very sandy deposits (cf. Chapter I) will cause a pronounced
turbulence of the water. On the other hand, it must be stressed that the sand
does not only cover the submarine ridges but also lies in the basins behind or
between adjacent ridges. Moreover, in the writer's opinion, the widespread
occurrence of the very sandy sediments off the Essequibo river cannot only be
explained bytheactivity of waveturbulence, because thegreaterpart ofthe area
under consideration is relatively flat and consequently cannot cause sufficient
turbulence of the water so as to stir the bottom sediments. The same is true of
the middle shelf very sandy deposits in the north-western part of the area
studied (cf. Fig. 18).
Therefore it seems permissible to assume that in addition to wave turbulence
there must be an agent whose activities not only extend along the shelf-break,
but also over a wide belt more inshore; this agent must be the determining
factor that the major part of the area examined is occupied by old uncovered
sediments.
FLEMING and REVELLE (1939) pointed out the influence of topography on the
velocity of the tidal currents. With regard to the distribution of maximum tidal
current velocities on the continental terrace they concluded that tidal currents
have their greatest velocities on or near the outer edge of the shelf, since here
theyhavetomovetherelativelygreatestvolume ofwater. Onthisbasis SHEPARD
(1948) stated that the outer edge of the shelf is not a location where much
deposition can be expected. It thus seems highly probable that in the area of
the shelf-break wave turbulence of long oceanic swell and maximum tidal
currentvelocitiestogether willgiverisetoverypronounced turbulent conditions,
thus causing an essentially non-depositional environment.1) This, however,
does not explain the absence of deposition in the flatter part of the shelf more
inshore.
It has already been shown that in the area studied the water movement is
dominated by the strong Atlantic Equatorial Current. Besides, it is obvious
from the foregoing discussion that the picture of the sediment distribution
cannot only be explained by the activity of wave turbulence. Although the
knowledge of the relative importance of wave turbulence on the one side and
bottom currents (relative to the Equatorial Current System) on the other side
isinsufficient, itseemstothepresentauthor thattheoccurrence ofthe uncovered
old sandy deposits oftheWestern Guiana shelf isstrongly related to the activity
of the westward Equatorial Current System. Consequently it is suggested that
the distribution of the sediments, at the surface is largely controlled by the
activity of two hydrographie agents, viz. (1) Wave turbulence, in particular of
long oceanic swelland (2) Current action, in particular the current conditions
related to the Atlantic Equatorial Current System. The joint actions of these
two agents must have resulted in a widezone of agitated waters on the Western
Guianashelf, rather thaninanarrowonealongthe shelf-break.
*)The term "non-depositional" as used in this report is meant as extremely low to nil; in
other wordsthe term doesnot imply absolute absence of deposition.
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The author holds that many of the observational data regarding this problem
would be better understood if considered along the lines set forth above. The
relatively wide belt of pelite sediments off the Orinoco river can then be explained by assuming that the rate at which the supplied material is deposited
ismuch faster than that at which erosion bythe waves and currents takes place.
Contrarily, off the Essequibo river the supply is much lower (cf. Fig. 35), so
that here, in the relatively shallow waters, waves and currents largely prevent
the sediment load from the estuaries from settling, and only a narrow zone of
recent sediments has been laid down.
Finally thegrain sizeanalysesofthe(very) sandy deposits(MC and FC types)
haveshownthat theyarenot sediments ofpuresand, buttheyconsistofmixtures
of sand and pelite in different proportions. A glance at the distribution curves
reveals that the individual samples greatly vary in their percentages of pelite
admixtures. Many deposits show admixtures of 25 ormore per cent, of clay. If
- asproposed here - the pelite admixtures should have been introduced for the
greater part since the post-glacial rise of sea level, this would hold two significant implications. The first one, in accord with the concept mentioned-above,
is that in the regions characteristic of pronounced turbulent conditions there
must be moments of quiet water, so that pelite material can come to rest. This
is a logical inference from the fact that also some of the calcarenite sediments
of the area around the shelf-break show rather important pelite admixtures.
The second implication is that, judging from the important variations in the
pelite content of the individual samples, the depositional conditions in adjacent
areas can differ rather widely. It is considered that these differences are related
to topographic features of the sea floor.
Point b.
For several reasons it is highly improbable that the pelite admixtures of the
FC and MC sedimentsare residual from former conditions, when the sea level
was much lower than the present one.These reasonscanbriefly be summarized
as follows: (1) During the low water stages of the Pleistocene stirring and
moving of the shelf sediments by waves and currents will have been much
stronger than in the present time; these agents were thus able to disperse the
finer fractions and to prevent their accumulation; (2) Many bottom samples
of structureless MC and FC sediments(e.g.DI1055and DO 1087)showed that
the post-glacial foraminiferal assemblage (carbon-14 measurements revealed
that the average age of the Amphistegina assemblage does not exceed 5,600
years; cf. Table II) continues throughout the core profile. The core profiles
in question often stand two metres or more, and since it is not assumable
that bottom animals should rework such deep a profile - the author knows of
no suchanimals burrowing to depths ofmore thanhalf ametre (KUENEN, 1950)
- itmay be supposed that the pelite material and the marine organisms were
introduced simultaneously; (3)Thehighpercentage of clay and the lack of silt
in the pelite admixtures under consideration do not point to deposition in
shallow coastal waters; they rather indicate a deposition far from the source
(cf. Fig. 27).
Point c.
The foregoing consideration revealed that the pelite component of the very
sandy deposits must have been introduced since the post-glacial rise in sea
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level. It has also been concluded that during periods of faster moving water,
e.g. during seasonal storms, erosion and transport of sand-size material take
place (cf. Chapter II, p. 41). These data as well as the structural features
(cf. p. 45) of many core profiles indicate that originally the sediments under
consideration must have been laid down in alternate beds of sand and pelite
material.
In the last few years many photographs of the sea floor have shown excellent
evidences of animal activities in bottom sediments, even in water a thousand
metres deep (EMERY, 1953). It is clear that in the environments of a very low
rate of deposition animals living at the bottom have plenty of time to disturb
the original stratification, so that a practically homogeneous mixture of sand
and pelite may result here. Contrarily, in regions where sedimentation is rapid
in comparison to the disturbing action of animals, far less disturbance of
stratification can be expected. An example of this latter phenomenon is observable in the area of the so-called "nearshore silty pelites" where, with the
exception of some minor irregularities, the delicate lamination has largely been
preserved (cf. p. 92). The purpose of these considerations is to point out that
the mixing of the sand and pelite components of the very sandy deposits is
apparently caused by the mechanical action of animals; in other words, it is
postulated that in the environments where deposition is relatively slow, animals
bring about a practically homogeneous structure of the composite sediments;
on the other hand, that in environments of a high rate of deposition, in general
the original stratification will be preserved.
Point d.
Several observations indicate the reworking of the sandy and very sandy
surfaces since the post-glacial rise of sea level. The occurrence of marine
organisms in deposits,which had originally been laid down in a fluvial environment, provides the most trustworthy evidence. The clearest evidence obtained
comes from bottom samples, in which the Foraminifera Amphistegina lessonii
abound throughout the length of the core profiles (cf. Appendix III). Radiocarbon measurements showed that the age of the 180-190 cm. part of the core
from Station DI 1055 is 6,400 ±145 years (cf. Table 2). Owing to the occurrence of a living Amphistegina lessonii assemblage on the Western Florida
terrace at depths of 30 to 58 fathoms (GOULD and STEWART, 1955) it may be
suggested - though certainty cannot be obtained - that at least a part of the
Amphistegina specimens found in the Western Guiana shelf are members of a
still living fauna.
According to several authors (FISK, 1952; LEBLANC and BERNARD, 1954;
BENNEMA, 1954; UMBGROVE, 1951) there have been no major changes in sea
level, that is, no changes exceeding 8metres, in the last 5,000-6,000 years. As
it isreasonable to assume that already some time before the sea had reached its
present level, living conditions for the Amphistegina assemblage of the area
under consideration had become favourable, the C14 date mentioned was
probably obtained from a mixture of recent and subrecent specimens. This
conception is supported by the fact that among the Amphistegina lessoniispecimens both worn and discoloured specimens and those fresh in appearance are
found; the former being obviously old, the latter probably of recent date. It is
clear that the presence of the recent material at a depth of 180 cm. points to
recent reworking. Considering this, the outcome of the carbon-14 measurement
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must be interpreted to be a maximum period of time, in which the 180cm.
sandy sediment had been deposited, since naturally the old material indicates
a higher age of the sample concerned. The sand component of these deposits
must haveits origin in the reworking of the original fluvial sediments (Ftype,
deposited duringthelowsealevelsoftheGlacialepoch).
Anotherindication that shelfdepositshavebeenreworked bymarineaction,
is to be found in the zone of "the middle shelf sandy pelites off the Orinoco
river" (cf. Chapter II, sediment type IV). The most characteristic feature of
these deposits is their mottled appearance, and it is assumed that burrowing
organisms have engendered these features. The differences in faunal characteristics betweenthe sandybodiesandthepelitematrix ofthesediments under
considerationpointtotheremoval ofbothfauna specimensand sandfrom the
outlying very sandy surfaces into the middle shelf sandy pelites. Radiocarbon
measurements of shellmaterial from these sediments prove that reworking of
these deposits has taken place for the last 5,000years. A carbon-14 dating of
calcareousmaterialfromthe250-280cm.partofthecorefrom StationDV1147
showed an ageof 5,075 ± 60years(cf. Table2).Following thesameargumantation as set forth above,it can beconcluded that in thepresent case250cm.
or moremust havebeen deposited sincetheriseof sealevel.It isassumed that
similar arguments hold good for some core profiles (e.g. DL 1070, 1071 and
DX 1165,1164)oftheareaofftheEssequiboriver.Thesandadmixturesofthese
sediments,which oncemoreareconcentrated inpockets or nests,havederived
from the relatively shallow sandy surfaces outside. Mineralogy and the grain
sizeofthesand support thisassumption. Thustherecentreworking oftheoutlying very sandy surfaces is attended with an inshore transport of sand-size
material, which in its turn is mixed with the river derived pelite (cf. Fig. 17c,
St. DL1071).
Stillanotherindication stronglysupportingtheassumptionthatreworkingof
the sedimentsunderconsideration occurscomesfrom acomparison ofthesize
frequency distribution in core profiles with post-glacial Foraminifera in their
entirelengthwiththose,whichhavepost-glacialForaminifera onlyintheupper
fewcm.ofthecoreprofile. Theformer coreprofiles showsizefrequency distributionstrendingtotherightatthecoarseend,whichpointstoa differentiation
bysorting (e.g. Station DI 1055,Fig.28);thelatter showsizefrequency distributionsofaveryillsorteddeposit,indicatingthattheoriginalfluviatilematerial
hashardlybeenreworkedbymarineaction(e.g.StationDV 1150,Fig. 28).
The conclusion to be drawn from these features is that reworking of the
sediments in the non-depositional areas certainly occurs.In addition it issuggested that the sand admixture of the calcarenitie sediments along the outer
parts of the shelf may have arisen when during rough weather sand from the
verysandy surfaces ischurned upandpartlycarried somewaydowntheslope.
CHAPTER V

DEPOSITIONAL HISTORY
Thischapter servesthepurpose to deduce generalconclusions regarding the
succession ofdepositionary eventsand thepresent sedimentological conditions
from themorphological,petrologicalandpaleontologicalmaterialdealtwithin
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theprecedingchapters.Asummaryoftheresultsoftheforegoingchaptersand
a synthesisofthisknowledgearepresented.
I . CONDITIONS OFDEPOSITION DURING LOWER SEALEVELS

The morphological andsedimentary data gained bythetraversesacrossthe
WesternGuiana shelf showthat aconsiderable part ofthesuperficial sediment
has derived from thereworking of a submergedcoastalplain. Morphological
evidence (cf. Chapter I),indicative offormer sealevelslower than thepresent
one,wasobtainedfrom (1)theoccurrenceofsubmarineridgesandotherbreaks
in the seaward slope of the shelf, and (2)thepresence of reef-like bodies of
Pleistoceneageneartheshelfmargin.Thepetrographicalevidence(cf.Chapters
II,IIIandIV)includes(1)thewidespread occurrenceofverysandydepositson
the shelf, (2)thepresence ofsedimentary petrologicalprovinces,part ofwhich
cannotbedirectlyrelatedtothepresentrivers,and(3)thetwofold zonationof
some core profiles, of whichthelower sediment type ischaracteristic of nearshoreconditions.Thewidespreadsandinessfound isconsideredtobeindicative
oflower stagesofthesealevel,asgrainsizeanalyseshaveshownthat peliteis
the only river-derived material that iscarried outfrom thecoast to seaatthe
present time.
Atleastfour periodsofdeposition canberecognizedinthesedimentsofthe
Western Guiana shelf.Thefirstperiodisrepresentedbydeposits characteristic
ofnearshoreconditions.Thesesedimentsarefound intheareaoftheshelfedge,
andastheyliedeepestitislogicaltosupposethat theyaretheoldestones. The
widelydivergent depthpositions ofthesedepositsmakeitimpossibletorecognizethestrandline related totheir deposition with certainty. Inallprobability
they representmorethan onestageoflowsealevel.Thesecondperiod ofsedimentation ascertained isthat ofthe reef-like bodies near theshelf marginand
theadjacent verysandydepositsonthemiddleshelf.Thethirdperiodisrepresentedbythesubmerged tidalflatarea (thebroad area around 12fathoms) off
the Essequibo-Demerara drainage basin, whilethelast period isrelated tothe
present situation.
The sediments ofthefirstandthesecond period wereformed during lower
stands ofthe seainthePleistocene;those ofthethird period belongto EarlyRecenttimes.Thedepositionalsequencesrelatedtosealevelsbelowthepresent
onewillbedealtwithfirst,whilethepresent sedimentological conditionswillbe
consideredattheendofthischapter.
a.The Late-Pleistoceneperiods
Severallinesofevidenceindicate deposition during oneormore Pleistocene
periods of low sea level. A first sedimentation phasecan be recognized bya
comparison ofcoreprofiles from theshallowwaters offtheOrinoco riverwith
those from thearea of the shelf edge. Such a comparison reveals remarkable
similarities (cf. Fig.36).Theouter shelf sediment cores,however, showatwofold zonation. Theupper ± 3cm.layer ofthesecoresconsists ofacalcarenite
deposit withanadmixture ofpelitematerialandlittle sand (cf. p.47). Underneath isapelitesediment,rich in silt, andoften laminated. Aswaspreviously
stated (cf. p.48),this last sediment type is quite comparable with the recent
nearshore siltypelitesoffthe Orinoco river,asfarasthetexture, structureand
coarse fraction characteristics areconcerned (at Station DI 1046, a Uvigerina
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peregrinaperegrina faunawasfound,whichseemstobewelladaptedtoarelatively
rapidpelitedeposition; cf. DROOGERand KAASSCHIETER, inpress).Besides it was
observed that at present the laminated nearshore silty pelites off the Orinoco
river arebest developed in water depths not exceeding 10-15fathoms. Applying
this knowledge to the outer shelf sediment cores, it must be concluded that the
sediment in the lower part of these core profiles was left in shallow coastal
water in the proximity of a river mouth during a Pleistocene low stage of the
sea; further that the upper ± 3 cm. layer of these core profiles represents the
recent deposit, laid down after the eustatic rise of the sea. As was stated above,
the widely divergent depth situations of the cores (Dl 1046-113,5 fathoms;
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DZ 1176-54,5 fathoms; DZ 1177-106,5 fathoms; DZ 1178-72,5 fathoms)
suggest that the respective lower parts represent more than one stage of low
sealevel.
Recognition of thesecondperiod of sedimentation is based on both petrographical and morphological data. Aswaspreviously described, the ST sediments(cf. ChapterIII),which werefound atdepths rangingfrom approximately
35 to 50fathoms, represent a sediment-petrographical province in the sense of
EDELMAN'S definition (1933). They are separated from thepresent coastal area
either bydeposits ofmineralogically very different character, orbya wide zone
of very fine-grained pelite deposits. The granular analysis revealed that theST
sediments haveprobably been supplied bya number ofbraided rivers,to points
far offthepresent coastline,at atime when thesealevelwasconsiderably lower
than itisto-day (cf. p.74).Thewide extent ofthis province, running parallel to
the present coast, and the great uniformity in its size frequency distributions
(FC curves) suggest that the sediment accumulated approximately at sea level.
During periodical abrasionsthefluviatiledepositsmayhavebeenreworkedand
thrown up into sand ridges by surf action. So submarine ridges and other
irregularities found within this sediment zone at depths varyingbetween 30and
40 fathoms roughly, may indicate the remains of former chenier bundles,
offshore bars or dunes. The soil formation of these coastal features may have
caused the sand grains to be iron-coated. Beachdrifting may have contributed
to thespreading ofthe STsediments over many milesalongthecoast.
The question as to how so much coarse-grained sand could accumulate on
the shelfmust beconsidered against thechangingposition ofthe sealevel during
the last glacial age. The decline of sea level must have rejuvenated the river
systems and greatly influenced the nature of the sediments reaching the deltas.
When the sea level started to fall the gradient of the rivers increased, notwithstanding they lengthened seaward across the shelf. Because of the increase in
stream slope, the rivers were gradually incised. The stream entrenchment
together with theincrease of the gradient enabled each channel to transport an
increasingly greater load and coarser particles to its lower course. In addition,
the relatively short distance to the Guiana Shield may have contributed to the
seaward transportation of coarse-grained STsedimentsthrough braided channels, which probably drained the area between the present Courantyne and
Essequibo rivers(cf. Chapter III, p.59).Thestrongly dissected landscape of the
White Sand series (in Surinam called Zandery formation), which lies relatively
close to the present shoreline (cf. BLEACKLY, 1956and VAN DER EYK, 1957),
suggeststhat aconsiderablepartofthesenon-consolidated sediments of Miocene
to Pliocene ages were eroded during the stages of the Pleistocene lowered sea
level. Therefore the author supposes that this sediment series, which preponderantly consists of coarse sands and coarse sandy argillaceous deposits, was
the source of the coarse-grained deposits on the shelf. However, since the
available data concerning the mineralogical composition of the White Sand
series in British Guiana are insufficient, a definite view asto theprovenance of
the STsediments cannot begiven.
To thenorth-west themedium to coarse-grained STsediments arelinked up
with the very sandy deposits of the middle shelf off the Orinoco river (cf.
Chapter II, p. 42). The latter are fine-grained; their granular analysis and
mineralogical composition (EH association) indicate that they have been suppliedbytheOrinoco river,andprobably laiddowninashallow coastal environ-
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ment. Aswas mentioned previously (cf. p. 43) most of the available sediment
cores from the area off the Orinoco river showed that the very sandy EH
deposits form onlyathin layer. However, itisdifficult toescapethe assumption
that during the Pleistocene lowering of the sea level the Orinoco river system
carried a good deal of sandy deposits to the sea.Therefore, it seems logical to
suppose that during the lowering of the sea level in the Glacial period the
Orinoco river system, probably similar the the Mississippi river system (FISK
and FARLAN, 1955), formed a valley, reaching the vicinity of the edge of the
continental shelf. By that time, part of the considerable load of sandy delta
deposits willhave accumulated beyond theshelf-break. Submarine canyons(the
upper end of such a canyon wasdescribed in Chapter I)may have carried part
of these delta deposits into deeper waters. During the following rise of thesea
level the gradient of the rivers decreased, so that preponderantly fine-grained
materials filled the trench system. Hence, it is tentatively assumed that part of
the fine-grained sandy deposits which are found off the Orinoce delta were left
during the early stages of the landward advance of the sea, when the flooded
valley system received only fine sand and pelite. Moreover, it should be taken
into account that the subsidence of the Orinoco Basin (see below) may have
carried these deposits to greater depths, sothat they in part arenot affected by
the reworking process, which plays a part in the present shelf conditions (see
p. 89).
As pointed outinChapter I (p.16),the reef-like bodies near the shelf margin
are considered to have been formed during a Pleistocene lowered sea level,
reduced by some 30 to 40 fathoms. In other words, it is assumed that their
formation took place synchronously with the accumulation of the apparently
continuous belt of STandadjoining EH (andEZ)deposits. Onthebasis of this
supposition the carbon-14 measurements of consolidated calcareous material,
which almost certainly seems to be related to the reef-like features under consideration, may give important information as to estimate the time since the
rise in sea level from the vicinity of the40 fathom contour. The results of the
measurements (cf. Table 2) were found to vary from 11,560 ± 240 years
(Station DW 1153) to 17,550 ± 110years (Station DI 1047). It would be too
hazardous to rely upon these data in themselves without comparison with the
information available from other sources, as our samples present problems in
interpretation. First, it be noted that the sample from Station DW 1153was
obtained from afully exposed rock bottom, whereastheother sample mentioned
(Station DI 1047) is assumed to have derived from the reef-like body a few
miles offshore. Secondly,itisnotknown when thereef growth started, andhow
long it had continued after the rise of the sea level. This latter uncertainty is
demonstrated by the fact that among the small number of corals found in the
vicinity of the reef-like features there are solitary forms, which show a strong
resemblance to some living species of the Gulf of Mexico (described by DE
POURTALÉS, 1871), which were found in depths of water ranging from 50 to
400 m.(Prof. Boschma, personal communication).
For thepurpose ofcomparison a seriesofdata concerning carbon-14 datesof
sea level shift have been examined. One series of dates is of particular interest.
Theyconcern theresults ofa study on"Late Pleistocene Climatesand Deep-Sea
Sediments",carried outbyERICSONetal(1956).Onthebasis ofclimatic curves,
derived from the vertical variations in frequencies of the most temperaturesensitive species of planctonic Foraminifera in hundreds of cores, they con-
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eluded that the transition from glacial to post-glacial climate was marked by
a pronounced rise in temperature of the upper layer of water, in which the
planctonic Foraminifera live. The carbon-14 measurements made on this
material indicate that the major change from glacial to post-glacial conditions
occurred about 11,000 years ago. This major change was found to have taken
placebroadly simultaneously throughout theNorth Atlantic and adjacent seas;
the Caribbean and the equatorial cores bear evidence of a gradual climatic
change 13,000-15,000 years ago, with the major break occuring about 11,000
years ago. On the basis of both the data by ERICSON and the radiocarbon dates
of the Western Guiana shelf samples the present author assumes that (1) the
sea levelstarted to rise above the low levelprevailing during the last Pleistocene
period somewhere near 11,000years ago, and (2) that no reef material had been
added afterwards to the drowned Guiana reefs.
A definite location of the shoreline related to thislevelisdifficult to ascertain,
becausethe submarine ridgesand reefswhicharesuggestiveofcoastal conditions
occur at different depths below thepresent surface of the sea. Two processes at
leastmay beresponsiblefor thisfeature, viz.destruction byabrasion and crustal
movement. Relief features will have been attacked by wave action in particular
whenthe sea started to rise at the end of the last Ice Age. During this initial
stage eroded reef material may have been transported inward by waves and
currents, concentrated in some places (e.g. Station DI1047 and DN 1079) ,and
distributed thinly over large areas. It is clear that the weak coastal sand ridges
were easily destroyed, so that from a topographic point of view only a trace of
them have remained. Consequently it is not acceptable that the distinct differences in depth-contour of the coastal features under consideration should have
resulted from destruction by abrasion, this agency generally having a levelling
effect.
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As was stated in ChapterI(p.16),a comparison between the bottom profiles
off the Essequibo and those off the Orinoco basins revealed that since the end
of thePleistocene there has been some crustal subsidence off the Orinoco delta,
because here the shelf-break and the reef-like bodies occur at a greater depth.
Assuming that reef development had taken place contemporaneously all along
thecoastoftheemerged shelf,whenthesealevelremained stationary somewhere
between 30 and 40 fathoms, the available data would point to a subsidence of
about 14fathoms inthearea oftheshelf-break off the Orinoco river.Apart from
this, a long south-east to north-west section (Fig. 37), showing the depth range
of the coarse-grained ST sediments, reveals that these deposits lie at distinctly
greater depths off the Orinoco delta than is the case more to the south-east.
On account of the analogous deeper positions of both the shelf-break and the
reef-like bodies the author does not believe that slumping or sliding caused the
displacement ofthe STdeposits. Hence,the differences in the depth positions of
the ST sediments, which apparently extend uninterruptedly over a largepart of
the shelf area examined, tend to confirm the above interpretation that subsidence off the Orinoco had occurred.
With regard to the changes of the sea level during the Pleistocene little is
positively known. KUENEN (1950) stated, however, that various modes of
approach show a lowering of 70-80 metres ( = 39-44 fathoms) during the last
Ice Age.A lowering of the sealevelto this extent appears likely in view of the
present investigation. It istherefore tentatively suggested that the topographical
features at depths of approximately 30 and 40 fathoms are linked up with a
relatively long stand ofthe sea at about minus 40fathoms (Fig.38).
b. The Early-Recent period
The third period of deposition, which can be recognized, is represented by
the sediments around the 12 fathom level in the area off the Essequibo river
(cf.ChapterI;NOTA,1957).Byfarthegreaterpartof thesesedimentsischaracterized by the EHM heavy mineral association, which mayhavederived from the
Essequibo and Demerara drainage basins (cf. Chapter III). However, this
supposition is tentative because of lack of knowledge concerning the mineralogical composition of the coastal deposits along the adjacent land.
Thepeculiar character of the topography ofthearea under consideration (see
Fig. 7), also in connection with the granular analyses of its sediments (M4C
curves, cf. Fig. 25 and p. 67), strongly suggests a submerged tidal flat area. It
will be clear that the original pattern of this environment had somewhat been
flattened when it was flooded. Several elements of the former environment are
still recognizable, however. The submarine ridge, locally reaching up to 10
fathoms below the present surface, probably figures the remains of a chain of
barrier islands, which separated the tidal flats proper from the open sea. The
irregularly shaped depressions behind the 12fathom ridge mark the remains of
the branching system of tidal channels within the former tidal sea. It should be
notedthat because ofinsufficient soundings thetopography pictured isprobably
more regular than it actually is (cf. VAN STRAATEN'S map of the Wadden Sea in
the north of the Netherlands, 1954).
The typical sands of thearea under consideration are fine-grained. Anexception was found, however, at the Stations DK 1062, 1063 and 1064, which are
situated near a channel-like depression (Ain Fig. 7). The sand is coarser and
iron-stained, while a substantial increase in the calcareous material is evident.
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Because the mineralogical composition isdifferent (EHH association) from that
of the adjacent fine sands, it is assumed that the coarse material belongs to an
older deposit, theoutcrop ofwhichistheproduct ofthescour bythetides during
the tidal flat period (cf. p. 72). The abundance of shell fragments supports the
interpretation that the coarse-grained sediment is related to a former tidalchannel environment (cf. VAN STRAATEN, 1954).
The presence of a laminated silty pelite in the lower part of the core from
Station DM 1076, which to-day lies at a depth of 26.5 fathoms, indicates that
this deposit had been left under nearshore conditions. The knowledge that at
present similar deposits (i.e. "the nearshore siltypelites") are best developed in
depths of water not exceeding 10-15 fathoms (cf. p. 31) greatly supports the
assumption that the silty pelite at Station DM 1076 was produced when the
shoreline coincided approximately with the 12fathom break. It was emphasized
that the result of a carbon-14 measurement, obtained from the calcarenite top
layerat the same station (DM 1076),wasnotvalidfor determining the time that
has past since the deposition of the underlying laminated silty pelite, i.e. to
estimate the age of the 12fathom level of the sea (cf. Chapter II, p. 44). On the
basis of earlier carbon-14 datings of sea level shifts (BENNEMA, 1954; SCHMITZ,
1954; VAN STRAATEN, 1954; SHEPARD and SUESS, 1956) the present author
roughly estimates the period when the shoreline approximately coincided with
thepresent 12fathom contour to date 8,000yearsback (cf. Fig.38).
Following the 40 fathom sea level, the sea appears to have overflown the
surface of the shelf very rapidly in the beginning. This can be inferred from the
fact that in the area between the 40 fathom contour line and the 12 fathom
terrace no indications were obtained of a coastline, neither on morphological,
nor on sedimentary petrological bases. This points to the fact that during the
period between the above-mentioned levels, when the main post-glacial transgression took place,nostandstill lasted longenough for a distinctmarine terrace
to form. This conclusion confirms what others found, namely a rapid rise of the
sea level immediately after the Pleistocene period, followed by a more gradual
trend for the last 7,000-9,000years (cf. SHEPARD, 1957).
2 . RECENT DEPOSITIONAL CONDITIONS

In somecoreprofiles significant lithological differences weremet with already
at small depths below the surface (cf. Chapter II). It should therefore be
pointed out that the distribution of the specific environments of deposition,
distinguished below, only includes sediments exposed at the surface, both newly
forming and older uncovered deposits. From the relief of the sea floor and the
sediments the following conclusions can be drawn as to the classification and
distribution of the recent depositional conditions. A generalized pattern of the
distribution of specific environments of deposition is given in Fig. 39.
(1) The area around the shelf edge is apparently erosive for the most part.
Indicative of this fact is the rough bottom topography as well as the nature of
the sediments found in this area. The occurrence of consolidated calcareous
material of Pleistocene age, fully exposed, bears evidence that in these places
hardlyanysedimentation hastakenplacesincetheend ofthelast Glacial period.
The small thickness of the upper layer of the twofold core profiles, in which the
lower deposit is characteristic of the nearshore conditions (seep. 82),points to
recent deposition being extremely slow in those places where no outcrops of
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older consolidated sediments were found. Wherever thelayer of unconsolidated
calcareous material had reached a greater thickness (Station DN 1079), the
sediment appeared to be largely composed of old reworked reef material.
The non-depositional conditions in the area of the shelf-break find their
explanation in specific hydrographie conditions, and not in lack of supply of
suspended matter (cf. Chapter IV, p. 75). For the Secchi disc measurements
indicate low transparency of the sea water far out of the coast, in the area off
the Orinoco mouth evenuptotheshelfedge.Thispoints tocircumstances which
prevent the terrigenous material supplied from being deposited; it will by-pass
the area of the shelf-break eventually to settle in the deeper parts of the ocean.
It was stated in Chapter IV that the turbulence of the water, resulting from the
incoming oceanic swell combined with the strong tidal currents, will have
caused the area of the shelf-break to be rather a zone of erosion than one of
deposition.
(2) The vast area off the Orinoco delta and further to the south-east, at a
depthrangingfrom 30to50fathoms approximately,whichcontainssandytovery
sandy sediments,should also beconsidered an environment of non or negligible
post-glacial deposition. The sand was left during the Pleistocene lowered sea
level. It is locally reworked and thus mixed up with Foraminifera down to
varying depths (cf. Appendix III and p.46).On the other hand, the greater part
of the pelite fraction of these deposits is of post-glacial age, which could be
inferred from their high percentage of clay and lack of silt (cf. p. 79); this
material had been deposited during calm weather conditions, and through the
homogenizing activity of the fauna of the sea floor it has become part of the
sediment.
Inproof oftheassertion regardingtherecent reworking ofthese sediments the
author may refer to the C14 measurements of the Amphistegina material (cf.
Table 2), as well as to the results of the radiocarbon dates of the sediment of
the Stations DV 1147 and DO 1089. For it appears that the shell material of
e.g. Station DV 1147, at a depth ranging from 250 to 280 cm., is only about
5,000 years old on an average (cf. the reasoning on p. 80). Many Foraminifera
in this part of the shelf area (like the Amphistegina lessonii specimens e.g.) are
worn and discoloured, and obviously old (see the C14 measurements of the
Amphistegina specimens, Table 2 and the pp. 46 and 80); other specimens,
however, are fresh in appearance and evidently belong to a recent fauna. For
these reasons the author suggests that the Amphistegina association, being the
fauna element characteristic of a large part of the shelf area (cf. Chapter II),
can probably be traced back to the time of the 12 fathom terrace (so about
8,000 years from the present) or possibly even farther, but that hitherto the
remnants of this assemblage have been able to hold their own in the area
concerned. This would explain the relatively high average age of the specimens
singled out for the C14measurements (about 5,600years;cf. Table 2).
The reworking of the sediments and the preponderantly non-depositional
conditions inthisarea areconsidered to haveresulted from theturbulence of the
water, caused by the incoming oceanic swell combined with the activity of the
strong Equatorial current (cf. Chapter IV).
(3) TheEarly-Recent sands around the 12 fathom terrace off the Essequibo
river (the age of this level of sedimentation was taken to be about 8,000 years)
are also found in the area of essentially non-depositional conditions. The position of these sediments around a submarine ridge system, aswell as the rela-
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tively shallow water column over them, may be the cause of an intensive
reworking and redistribution. Consequently, through the strong water movements (turbulence as a result of the oceanic swell and Equatorial current) in
this area, these conspicuously glauconitic sands are carried landwards to just
off the coast (cf. p. 34);their pelite content islower than that ofthe other shelf
sediments.Therelatively highrateofsupplyofsand derivedfrom the12fathom
terrace area to the south, combined with a lowsupply of suspended matter (cf.
Fig. 35)hasresultedinanalmostcomplete lack of "offshore pelites",incontrast
tothearea offtheOrinocodelta,wheretheydooccur.Agooddeal ofthe coarser
shell material ofthese sediments isbroken andwater worn.
(4) The shallower part of the shelf area investigated is characterized by a
pelitefloor. Aswaspreviously mentioned (cf.Fig.18)inthearea offthe Orinoco
mouth two types of pelite sediments can be distinguished. The so-called "offshore pelites" form the front of the active delta sedimentation, and in this
respect this type of sediment isequivalent totheso-called bottomset beds ofthe
classic delta descriptions. Granularly these sediments arecharacterized by their
extraordinarily high percentage of clay (upto 80% < 2microns), structurally
bytheir homogeneity. Sedimentation takesplaceinthisarea, despitetheactivity
of theEquatorial current. Evidently accumulation ofthesediments takes place
at a more rapid rate than erosion bywaves andcurrents. Thesituation of these
sedimentstoo,namelyintheconcavepart oftheshelfprofile, favours accumulation (cf. p.77).
The zone of the so-called "nearshore silty pelites" occurs along the entire
coast ofthe shelf area investigated. These sediments, which maybe considered
the foreset beds of the delta area, are best developed in depths of water not
exceeding 15fathoms. Theirstructure showsatypicallamination, causedbythe
scouring impact ofthe waves intherelatively shallow water where thesea floor
begins to ascend more steeply in approaching thecoastline. Theregular occurrence of plant remains indicates the neighbourhood of land, whereas thepresence of pyrites must point to the reducing conditions in this area of relatively
high rate of deposition. Thefinelaminae of these sediments have been so well
preserved because the environment is unfavourable to organisms, and sedimentation is relatively rapid.
Summing up, it thus clearly appears that themajor part ofthe area examined
is occupied by sediments deposited in periods when the sea level was considerably lower than itisatpresent; these ancient sediments have been reworked
by the sea. Under present conditions sedimentation takes place only in a
comparatively narrow belt along thecoastline (cf. Fig.6).Offthe Orinoco river
the forward building of the delta extends down to approximately 30 fathoms,
whereas the delta-front slope of the Essequibo-Demerara drainage basin does
not extend down beyond about 10fathoms. The longest core profiles of over
300cm. taken inthearea ofthe so-called "nearshoresiltypelites"and "offshore
pelites" did not show any unconformity. On the other hand, in some core
profiles from the deeper parts ofthe shelf, i.e.from the area of thevery sandy
shelf sediments, an unconformity in the microfauna was observed already at
about 30to 40cm.below the surface, where marine fauna elements practically
ceased (cf. Appendix III).Thecause of these preponderantly non-depositional
conditions must befound intheparticular hydrographie conditions, which play
a part in the shelf area investigated (cf. Chapter IV). The results of the strong
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current and the turbulence of the water have been that e.g. off the Orinoco
delta only a relatively narrow belt of recent sediments has formed, while a good
deal of the pelite brought down from the river mouths has been carried to the
west and north through the Serpents Mouth and thesea area between Trinidad
and Tobago respectively. From this it appears that only a part of the Orinoco
suspended matter has been deposited directly off the delta, a good deal being
swept into the Gulf of Paria, around the east and north coasts of Trinidad
(cf. KOLDEWIJN, 1958) and into the Atlantic Ocean.
SUMMARY
The present investigation of the sediments of the Western Guiana shelf forms
part of a study of the entire marine Orinoco region (cf. Fig. 1). The aim has
been to gain a better insight into the sedimentation on an open shelf off the
delta of a large river by means of the regional variations of the different properties of the surface and near surface sediments.
The field of research is situated off the main Orinoco mouth and off British
Guiana, approximately between 61° and 57° 30' longitude west. There were
113sample stations (cf. Fig. 3),wheregrab samples,punch or piston cores were
taken. In order to study the marine topography and its influence on the various
properties of the sediment, continuous echo soundings were made along 17
traverses. The results of the investigations have been recorded in five chapters
and their contents are summarized below.
CHAPTER I. TOPOGRAPHY OF THE SEA FLOOR

Preceding the description of the submarine topography, derived from the
bathymétrie map and echo sounding profiles, some aspects of the shoreline
adjoining theshelf area aredealtwith.TheGuiana lowland, forming part of the
Para-Amazone-Orinoco chenier plain, has a smooth shoreline with marked
deflections of thelower courses of the minor streams. Major interruptions in the
coastline are formed by the funnel-shaped river mouths of the larger rivers.
The regular topography of the Western Guiana shelf (cf. Fig. 2) strongly
contrasts with that of the area north and east of Trinidad, where the very
irregular shelf surface points to tectonic influences. An examination of the
bottom profiles (cf. Appendix I) showed that regionally thereare distinct differencesinthetopography of the Western Guiana shelf.In thearea off the Orinoco
river mouth the shelf surface is very smooth, more to the south-east there
appear to be distinct submarine ridges and terraces (cf. Fig. 9).Particularly one
level, that of the terrace round about the 12fathom contour off the Essequibo
isconspicuous.Thedepth oftheterrace,being uniform for afairly wideexpanse,
indicates that it is related to a former shoreline. The existence of a range of
submarine ridges at depths between 30and 40fathoms makestheauthor assume
a former coastline near the 40fathom contour (cf. Fig. 11).
The roughness of the shelf surface near the shelf edgeischaracteristic of most
of the bottom profiles. Especially the occurrence of reef-like bodies at depths
ranging from 45 to 65 fathoms is striking. These reef-like features (cf. Fig. 10)
rise4to 5fathoms above their surroundings and areabout 200m. inwidth. The
date of their origin is assumed to be related to a sea level some 40 fathoms
below thepresent one.
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Data on the topography of the continental slope are scarce, because the
traverses wererun only overtheupper part ofthe slope,down unto adepth of
c. 150fathoms. A distinct shelf-break occurs in the south-eastern part of the
shelf area,whereasinthearea off theOrinocorivermouththerewashardlyany
breakinslopetobeobserved(cf. Fig.12).
CHAPTER II. LITHOLOGY

The description of the sediments is based on a binocular microscope study;
toserveasstandards anumber ofcharacteristic sampleswereanalysedfor their
textureandcarbonatecontent.Besidesthetextureandstructure,alsothecoarse
fraction (allmaterial larger than 60microns)wasexamined (cf. AppendixIII).
A quick survey of the foraminiferal content wascarried out (cf. p. 25),and a
number of surface samples were tested for their organic carbon and nitrogen
contentrespectively(cf. p. 27).
After adescription ofthesurface sediments,whichdisplayadistinctzonation
intheirdistributionpattern(cf. AppendixII),amoredetaileddescriptionisgiven
ofthesedimentsinthecores(cf. Fig. 17).Eightmaingroupsof sedimentshave
beendistinguished (cf. Fig. 18).From the distribution pattern of the sediment,
themicrofauna associations and the results of C14measurements (cf TableII),
conclusions are drawn as to the reworking and redistribution of the shelf
sediments.
Twofold zonation incore profiles fromtheregionof the shelf edgeindicates
nearshore sedimentation during Pleistocene lower sealevels(cf. p.47).
CHAPTER III. MINERALOGY

Thegrouping of the sediments according to theirmineralogicalcomposition
has been based on the "heavy fraction" (cf. Appendix IV).Four mineralassociations,viz.EH, ST,EHM andEHH associationscouldbedistinguished, and
their regionaldistributions areshown inFig. 19.Fraction analysesshowedthat
the difference in the mineralogical composition of the mineral associations
found, havenot resultedfrom differentiation bysorting.
Although lack of knowledge of the mineralogy of the adjacent land makes
determination of the provenance of the sediments difficult, some provisional
conclusions haveyet been drawn.
CHAPTER IV. GRAIN SIZE DISTRIBUTION

The classification of the grain size distribution types is based on the shapes
ofthe curves.Astudy of the distribution curves revealed the existence of four
principal grain sizetypes,viz.the S, C, Mand F types.The Sand Ctypesare
pelitedeposits, ofwhichthelatter arepoor in silt.The Mand F typesrefer to
sand distributions. The M sands arefineto medium-grained and well sorted;
theF sandsaremediumtocoarse-grainedandpoorly sorted.Thesandtypesdo
not consist of pure sand; they are always mixed with one of the pelite distributions,usuallytheCtype.Thearealdistribution ofthevariousgrainsizetypes
overtheWestern Guiana shelfisdepictedin Fig.34.
The grain sizeanalyses of a series of samples from the area off the Orinoco
mouth showthat no sandisbrought downfrom theriverstothoseparts ofthe
shelfexceeding10fathoms(cf. Fig.27).Consequentlyboththecoarse-grained F
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sands, being typically fluviatile, andthe M type sands,whicharevery similar to
the sands of the coastal ridges of the Guiana lowland, and which are known
also to occur in the tidal flat environment, must be old; they must have been
deposited in periods of lower sealevels.
The chapter concludes with a discussion showing that the uncovered sandy
deposits have not resulted from lack of supply of suspended matter but from
the actions of two hydrographie agents, viz: wave turbulence and current
actions (cf. p. 78). The joint actions of these two agents have prevented the
deposition of sediment in many parts of the Western Guiana shelf. Arguments
are adduced pointing out the reworking of the sandy shelf sediments under
recent shelf conditions (cf. p.80).
CHAPTER V. DEPOSITIONAL HISTORY

This chapter comprises a résumé of the results attained to in the preceding
chapters, as well as a synthesis of this knowledge. Four periods of deposition
are represented inthesediments ofthe Western Guiana shelf. Thesediments of
the first and oldest period were recognized by a twofold zonation of the core
profiles from the shelf edge region. The second period of sedimentation ascertained is that relating to the reef-like bodies near the shelf margin, with the
adjoining very sandy middle shelf deposits (STandEH sands).Thethird period
refers to the sediments of the 12fathom terrace off the Essequibo river (EHM
and EHH sands), whilethefourth period touches upon thepresent situation.
Apreciseindication ofthe strandlinerelated tothedeposits ofthe first period
is difficult to give because of the widely divergent depths positions of these
sediments. The sediments of the second period were deposited during the
Pleistocene, when the sea level was about 40 fathoms below the present one
(cf. Fig. 38). The reef-like bodies near the shelf edge are considered to have
arisen during the same Pleistocene lowered sea level, synchronously with the
accumulation of the apparently continuous belt of ST and adjoining EH deposits.Thegranular analysis oftheSTsedimentspointstodepositionbybraided
rivers, while the grain size type oftheEH sediments indicates a deposition in a
shallow coastal environment. The 12fathom terrace is considered to be of a
post-glacial date. The peculiar character of its topography and the grain size
distribution of the sands strongly support a submerged tidal flat area. It is
attempted to ascertain the absolute ages ofthe40fathom and 12fathom levels
of sedimentation on the basis of both the C14 measurements of the material of
the Western Guiana shelf andtheearlier carbon-14datings onsealevel shifts.
Finallyarésuméisgivenoftherecent depositional conditionsintheshelf area
investigated. Under present conditions sedimentation takes place only in a
comparatively narrow belt alongthecoastline, whereas intheremaining area of
the shelf conditions are found to be preponderantly non-depositional (cf. Fig.
39).
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PHOTO 1

Hard calcareous rock dredged up from the area near the
shelf edge;StationDW 1153, 1 x , depth 70fathoms.

PHOTO 2

PHOTO 3

Typical layered structure of nearshore silty pelites.
(Station DL 1067, 25-35 cm, »/, X ; depth 9.5
fathoms).

Mottled appearance of nearshoresiltypelites.Notenests
of silt and fine sand within
claymatrix6(StationDV1144,
75-90cm, /e x ; depth 13.5
fathoms).

PHOTO 4

Vertical thin section of nearshore silty
pelites. Note delicate lamination of
alternate layers of silty petite and silt
(Station DO 1093,10 X;depth 8fathoms).

PHOTO 5

Offshore pelites; vertical thin section, crossed
niçois. Note (sub) parallel orientation of the
clayparticles; 15 X .

PHOTO6. Coarse fraction of offshore fine glauconitic sands, pelitic. Note well sorted fine sand
and fragments of macrofossils (Station DK 1061,6 X ;depth 12.5 fathoms).

PHOTO7. Typical mottled structure of middle shelf sandy
pelites off the Orinoco river (Station DG 1031,
1X;depth 33.5 fathoms).
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PHOTO8. Coarsefraction of sediment typeIV.Texture isdominantlyfinegrained and wellsorted
(Station DV 1147,6 X ;depth 37.5 fathoms).

PHOTO9. Coarse fraction of sediment type V. The sand part is fine-grained; note presence of
Amphistegina lessonii and Liebusella soldanii (Station DH 1039, 6 X; depth 44.5
fathoms).

PHOTO 10. Coarse fraction of sediment typeVI.Thesand part isdominantlyfine-grained,but an
admixture of some coarser grains is notable (Station DN 1080, 6 X ; depth 32.5
fathoms).

PHOTO 11. Coarsefraction ofsediment typeVII.Verypoorly sorted sandwith abundant Amphistegina lessoniispecimens(Station DV 1149,6 X;depth44.5fathoms).

PHOTO 12. Coarse fraction of sediment typeVIII. Poorly sorted calcarenite-calcirudite sediment;
most oftheparticlesareworn (Station DN 1079,6 X ;depth 56.5fathoms).

