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ABSTRACT 

Separate reef complexes formed on either side of the northern 

'Barbados, pre-Pleistocene, .. structural arch, during marine transgressions 

83,000 and 104,000 years.ago.Late Pleistocene up1ift has exposed 

both these reefs, .and a1so a narrow fringing-reef deposited during the 

short, eustatic,' high .. stand of sea 1eve1, 60,000 years ago. 

Pe1sparite crusts surrounding 1ate P1eistocene,.reef cora1s were 

cemented in the marine, diagenetic·environment. Pleistocene 1imestones,. 

present1y in .. the intertida1' and supratida1zones, contain Mg-calcite 

and aragonite cements .. precipitated:from salt spray •. 

P1eistocene'limestonein surficia1, ca1careouscrost profiles is 

a1tered by solution, brecciation, recrysta11ization, micritization, and 

boring. Calcite, precipitated as micrite, need1es:; and f10wer spar, 

forms cement, oolite-1ike partic1e coatings, pe11etoids, and crusts. 

Solution and recrysta11izationof sc1eractinian cora1s in the 

vadose, diagenetic.environment is contro11ed by' coral·microstructure. 

Concomitant solution. of aragonite and: precipitation of' calcite, be-

ginningat the.centre of. the trabecu1a, transforms each original 

trabecula into a.c1e~r, central canal surrounded bY'a ghost, fibrous 

texture • 
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CHAPTER 1 INTRODUCTION 

PlTRPOSE 

In recent years, improvements inunderwater exploration techniques 

have resu1ted in increased understanding.of.modern carbonate depositiona1 

environments. These findings. have, .. in turn,. great1y·. enhanced. our. ability 

to specify more accurately. similar-. ancient .. depositional..environments •. 

The most sensitive .. indicators· .. of·. ancient·. environments,. however,. the. animaIs 

themse1ves, are .often. extinct. and, .. during .. transition from loose sediment 

to hard limestone, .their.remains·. undergo· .. many.changes. that .. fr·equent1y 

obscure and· mask their·. originaL. characteristics. . 

Many of the. cement. textures. and. alteration .. fabrics .. observed in .. ancient 

1imestones are similar.to .those .being .. produced .. today. during .the. diagenesis 

of re1atively.young Pleistocene.deposits •. This.simi1arity.suggests.that 

many of the .changes .. that take .. place .. ear1y .. in the. history. of. a .. limestone 

may be among .the .. most .. important •... The.limestones .. on Barbados .. are .. a .. series . 

. of separate .reefs, .. perhaps .. representing·.deposition· spanning .. the .. entire. 

Pleistocene •.. The .. island.is .. one .. of .the .. few· .. 1o~lities .. where . carbonates, 

made up of essentia1ly.modern .. constituents,. are .. exposed. in .. three. dimensions 

and are changing .. under. known. conditions.to:.produce. many of the textures 

and fabrics found.in. ancient .. limestones •. 

This study .. is a. detai1ed .. investigation .. of .. the.1ate .. Pleistocene .. 1ime.,.. 

stones on the. northern·. part .. of·. Barbados (Fig •.. l) •... The .. geo1ogic .. history,. 

and especially.reef.development, is the result.of.the.i~teraction.between 

worldwide 1ate. Pleistocene.·sea .. leveL fluctuations. and .. 1ocal .. tectonics •... 

Two 1ate Pleistocene .. reef .. complexes .. ! are:. described . and .. emphasis .. is .. placed 

on the correlation. between·. modern.·and .• Pleistocene .fabri·cs.and. sediments •. 

Four specific. ·diagenetic. problems. are. examined: .. (1). submarine. 1ithifi.=·j; 

cation, (2) .intertidal..and. supratidal..lithification.,. (3). subaeria1 

accretion of ca1careous crusts, and (4) scleractinian coral diagenesis. 

·1 

., 
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The· resu1ts of this' integrated· .. studyc.w.i.11··be ,of.va1uein deciphering: reef 

deve10pment ,and ,recognizing-; .. environments· of' 'deposition and diagenesis in 

ancient 1imestones. 

...... , ',,'-" "- ','. '" GEOLOGIC SETTING ... 

Barbados,.· .. the .·e·asternmost· .. is1and·of~:. the',. Ca1:'ibbean', .. has, ~. because. of 

. its Tertiary' sediment· .. core'. and;, superbly·,exposed.P1eistocene .. limestones, 

been the sub'j e·ct·:of·. seVera1' .. geologica·1.. investigations •. '. In the. past, . 

most interesthas' .. centred'. around· .. the~, Tertiary·.:sedilUents· .. (Jukes.,.BroWn . 

and Harrison'~' .1891;' Trechmann'~ .:1937.-; . Senn·,.1940·,.1946 , .. 1948; .. Beckmann, 

1953, 1956;' . Kug1er', .. 1961; · .. Saundérs\;and'·;Codl:'y ,..1965)·.· ... In'. the·.last·. de cade , 

with renewed .. interest· .. in·.;carbonate;.:sedimentation';and .the .app1icati.on .of . 

radiome-t:ri·c. dating~·to~.1ate .. P1eistocene·.·deposits';~. the:P1eistocene .1imestone . 

veneer, or- I~Cora·l·;Cap'\·.has·.;come'. under·.··c1oser·scrutiny·· (Russell, 1966; 

MesolE!lla and··others·~~.1969, .1970) • 

The island. is . an- .emergent~.portion·;of'. the .north-south. trending .submarine 

ridge of Tertiary· .. rock.curving· .. northward· .. from. Trlnidad .. and. Tobago. (Fig. 1). 

Tertiary strata~.strike·.northeast. (Trechmann', .,193'7; .. Senn, 1946) and .main-

tenance o:fthis .. orientation'. to·. depths· .. of' .. over·. 4', 650 .. meters " (15 ,000 . feet) 

(Baadsgaird'~ .. 1960)~.is'.an: indi'cation;of', the·;regional·.,nature ,of. the. structural 

pattern .. ' The'.geology'.of·the'. ridge':itself~,is',extreme1y comp1ex •. ,Deep .. 
~ 

tests dri11éd·,on··,the' is1and'.,penet1iate ,1arge',sca1e·.faults ,and .overturned. 

sequences·(Baadgsgatrd·~:·,1960),.·;·.This:,complex·istructure .. may·.be ,caused .by. 

the compression'.of· .. the.·continental'·margin·.as ;two'.crustal'.;p1ates ,collide. 

(Schneider~ .1969) .';' The ,S·,,350',·lUeter·'(lO·,:,800',feet)·,test·.,at .Friendship, .on .. 

northern' Barbados; ·encounte1ied'.;approxilUately'd.25 ,meters','(400 ,feet).of .. 

Oceanic' Formation' .ove1ilying·. an' : extensive' ,clastic . sequence' .of. the. Scotland .. 

Formation.' . The' 3',225"meters'-(10',400' feet') ·of· Scotiand' Formation seems to 
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BARBABDS GENERAL STRATIGRAPHY 
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Figure 2. General stratigraphy of Barbados. 
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be aIl overturned,and,tocontain at least three major thrust sheets 

(Baadgsgarrd, 1960). 

Barbados ,can be, separated'. into. two . distinct'. physiographic regions: 

(1) the Scotland'.District" '.underlain'.by outcropping.Tertiary .strata and, 

(2) the Coral.Cap·, '.underlain' by' a',succession ,of,.terraced .Pleistocene ,lime­

stones' which rise'. to·.330'.meters . (10'10 .feet).'.above .sea .level (Fig •. 1) • ' 

'The Tertiary·.succession'.exposed ,in' the',Scotland' District, and .in. 

various wells ,is outlined ,in'.Table .I. In'.general',.a basal.sequence .of 

Lower to Middle',Eocene.clastics. (Scotland .Formation) ,is ,overlain .by ,Middle 

Eocene to Miocene .maris ,and ,Iimestones'. (mainly',Oceanic Formation). ' 

The i~landappears.to.have.been,uplifted.more or,lesscontinuously 

throughout the Pleistocene. A coral reef grew,around,theemergent portion 
of the island during.each·.eustatic .high .stand'.of sea .level, ,yielding ·a 

Pleistocene'. terraced limestone .veneer .over. the '. core .of . Tertiary .strata, 

with each terrace'.representing ,a .single.high·.stand of ,sea .level (Broecker 

and others,1968;' Mesolella and'.others, 1969, .1970). This .interpretation 
has evolved from radiometric .. dating.of laterally,continuous.lower.terraces 
on the southern part ,of the' island. The.lowest,reef,terrace,is.about 

83,000 years'.old and .each .higher.reef.terrace .is,slightly ,older than . the 

one below. Two terraces, . the "First High' Cliff" and, "Second .High Cliff" 
(Senn, 1946) (Fig. ,2, 3), ,have .greater ,relief . than'.the', others .and stand 

out as continuous.features ,around.most' of ,the island. The.First High Cliff 
(average crest.elevation 34,meters)'.(120.feet) .is,a,Ï27,OOO.year.old,reef 

complex. Two .younger ,terraces', .104,OOO'.and'.83,000 .years old, ,lie .below 

it. Between,the Firstand Second.High,Cliffs.are a series of,terraces 

dated' between ,170.,000 ,and'.230',000 .years ,old •. ,The Second .High ,Cliff (average 
crest elevation l50'.meters)·.{480' feet) ·.and' higher-.terraces ,appear ,to ,represent 
reef' complexes formed"more than' 250',000 years' ago'.' 'Original depositional 
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topography of the reef' terraces has: been. modified·:to,varying.degrees by 

subsequent wave abrasion'when theY'were' sea c1iffs and, 1ater, by sub­

aeria1 solution. 
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CHAPTER' 2' -,', 'STRUCTURE: 'AND;, STRATIGRAPHY 

. INTRODUCTION 

In northern Barbados",sea cliffs,. 15 ,to .30 :meters (50 to 100 feet) 

high, bound ,a .flat, .rolling plateau, (Plate'.1A) ',that'.rises ,gently to 

approximately.62 meters ,(200',feet).elevation .atthe ,base',of the Second 

High Cliff (Fig. 3). The Second';High';Cliff .has ;roughly"thesame .shape 

as the present· shoreline',. .sweeping .in'.a·.gentle·.arc·,from·, the ,northeast. , 

Scotland District .around .to'.form' the' long,· straight, cliff paralleling 

the western coast •.. 

Unlike' most other: parts:,of ,the .island,. . the';plateau',below the Second 

High Cliff,'. the· '~North·.Point';Shelf'!'.of';Mesolella·,and'.others (1969), is 

not terraced •. Onlyon,the'.southwestern .side'.of the'. plateau do terraces, 

appear and southward' they':eventually'.become·.distinct· physiographic .features. 

The North -Point'.Shelf,is' not'.simply .Pleistocene·.limestone',' as· suggested by 

Mesolella and others ,(1969)', ·.but' contains'.numerous' scattered Tertiary 

outcrops· of'.differing'.lithology':(Fig'.' 4)', 'implying'underlying topographic 

relief of'some complexity., 

The· reportedly' late .Pleistocene'·limestones·,below the Second High Cliff 

on· northern'.Barbados ,were·;mapped'.in'.detail.in·.order-, to'.provide . a .strati .... 

graphie and',structural'.framework :in'.which· to':conduct'.investigations of 

reef development· and'; carbonate. diagenesis ~ '; '. Stratigraphy . determined . from , 

fiel,d' studies".was,',where':possible·,.·.augmented·;by radiometric' dating of late 

Pleistocene ~situ coral skeletons. 

TERTIARY 

Introduction 

Initial .fieldwork .and'.earlier ,report~ ,(Trechmann, 1937) indicate 

small inliers of Tertiary' strata on the North Point Shelf {Fig. 4), suggesting 

10 
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that Tertiary';sediments,:throughout':this .area ,may'be':near ,the present ' 

topographic' surface. ' .Such'.topographically' high',' Tertiary':substrata wou1d, 
; 

undoubted1y .have' inf1uenced:'the'.distribution and"form'of' subsequent 1ate 

Pleistocene' reef',deve1opment •. 

As the' northern·:end':of,:the':is1and'.is':dry, ',many :water' wells ,have ,been 

dug •. Senn (1946), who .1ogged':some:of ,these',wells',and:obtained data on 

many' others, ,divided'the',structure :of':northern'Barbados':into ,e1ements ' 

trending' northeast~southwest' """""the'.Mt'.;'.Poyer'.Sync1ine' and:the Crab Hill, 

Antic1ine. ,Since'. then, ';however, .many' .more' ,wells' have' been' dug yie1ding 

much more information',;', ,Correlation'~of .surface':and·;subsurfacedata 

indicates ,that. Tertiary'. outcrops', are: eroded': tops': of ': three" separa te pre"'!' 

Pleistocene, highs;, ',wi th" ind:f.vidual':reliefs":of":over':45 ';meters . (150 feet). 

These highs'~ ,for . the .purposes',of discussion:,. '·are': given" the' names "Spring 

Hall P1atform'~, "Crab' Tree .Ridge'! .. ·.and :"C1ufes .Arch'!· (Fig. 6). These, 

highs a1so'appear'as primaryand'secondary'groundwater"divides (Tu11strom, 

1964). 

Inspection ·of the structure contour and·,isopach'.maps·.prepared from 

water' we11' data. (Fig .. '.5,. .6) ·.indicates;that .these three·.highs togethermake 

up' the' northern'.extension·:of"the:north-.south-:r:f.dge-:that'.forms:.the .backbone. 

of Barbados' •.. The ':buried':portion ':of-; this' .large'; structure', under1ying the 

North Point'Shelf":f.s"herein"cal1ed .. the"St.·Lucy Arch" (Fig. 5). 

Spring·Hall.P1atform 

At the.foot'of.the Second.High.Cliff,.near.Spr:f.ng"Ha1.1 Factory, is. 

an' extensive.area .of·~Scotland .Fol:lllation :sandstone. ·:'.These· poorly 1ithified, 

fine to medium,grained clastics ; (Plate ,2B) with·.indistinct bedding range ,in 

co1our from.dark .brown .to,green .to .ye11ow'.and .are· partia11y covered ,by 

'patches of P1io-Pleistocene limestone. These'sediments' form'a f1at-topped 
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arch whichdips steep1ya1ong its northern f1ank, over45 'meters (150 feet) 
within a distance of 200:meters.The eastern flank dips gently at 3rmèters 
per kilometer (200: feet' per;'mile)' and· the.western-side· is' separated from the 
southern extension' of·Crab·Tree··Ridge:·by· a depression. 

: Crab. Tree . Ridge .. 

Silts and:,clays. of,.the: Scotland:·Formation,::containing·.layers of brown, 
c1ay..:l.ronstone. concretions .are:.exposed: at: the .top: of-.Crab Tree Hill. This 

outcrop is' the northern·.end:.of· an ill .... defined·.ridge· running para1lel. to 

the western- shore'". It· is separated::from.the: Oceanic Formation of Cluff's 
Arch by a depression which: may, ,in:.part,;.be· fau1t .controlled. North of 

Crab Tree Hill,' the pre..,.Pleistocene. surface dips"gentlynorthward and 

then abruptly plunges to ,over 62 meters (200 feet) be10w sea 1evel.. within 

a distânce' of 400 meters. 

. Cluff.~ s .Arch. 

The shoreline' at C1.uff! s- Bay:. is:.normal:. to:.this-,arch and exposes an .. 

excellent· cross-section .of.the .. north;.,-south::trending ·structure. The . core .. 
of the arch·.is-.Oceanic. Formation.·::.Whi1.e·.the:.contact·between Oceanic and 

overlying P1eistocene .. limestone.on' the .western' flank dips- steeply at over 
70 degrees, the:.contact .. on the' eastern·flank'.dips·more·,gently at about 20 

degrees (Fig.: 7) •.. The bay is:eroded:.in:.non..,.resistant rocks of the Oceanic 

Formation. Undermining: by.wave. action:.has .resulted· in . large. scale slumping 
of the upper part of: the: exposure: and:.overlying Pleistocene limestones, so 
that large blocks .have moved .down·.to.sea. level. 

The' Oceanic Formation is buff ,welLbedded Globigerina chalk. Bedding 
is made up of.chalk.units 30 to.40 cm.thick, separated by'ban~s of dark 

brown, silt .to fine: sand, .5 to 6 .. cmthick (Plate 2A). These dark bands 

are ascribed to ash·.falls. (Senn, .1946),.and·.10cally exhibit graded bedding. 

Burrows in the chalk beds'are filled'with darkbrown-, clastic material. 
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As the .OceaniC7 Formation:.at.:Cluff:!s··.Bay·.cannot-.be-,traced .to dated 

outcrops in'.the'.Scotland·.district-".foraminifera·,from ,the .Cluff's Bay 

section, and.from':a',.3l· meter-.(lOO· .. feet) ~ deep·.well, .O~4 .kilometers ,(1/4 

mile) south .of, the'. bay,. :;were' examined:: (see·.Appendi.x'.E)~ '. The age: range. 

of the- diagnostic~.foram:inifera::found·.in·.nine-;samples·.studied.is .indicated. 

in Table' 2' (after:.Bolli,. .195'7)~·.;The::fauna· suggest .. that··these .sediments . 

are Middle' Eocene:. (Lutetian):.in:.age·.and·.more'.specifically belong ,to the . 
. Globigerapsis:_kugleri: zone'. (Bolli',_1951) ~ " '. The 'uppermost :_sample _ (C36-l) 

may belong to·.the·.slightly·:younger;-.Globorotalia'.lehneri·.zone. On .the ' 

basis of Bandy·'.s.: (1964) .;subdirtsion ;of'.Tertia1:'y:~foralllinifeJ:al.zones, .these . 
sediments' would·.be·:pla~ed-;:i.n~:the,'Globigerina'·frontosa· zone; at .the base 

of the' Middle Eocene. 

Saunders:' (1965 " ·:p~::448). :'indicates ': that';calcareous ·.sil tstones exposed. 
at Mount· HiIIaby,. .. the-.oldest::known:.sedilllents::of.;the'.Oceanic .Formation, -

belong,·to,'the::Eorticulasphaera::mexicana:;zone~ '; ',The~ discovery' of . these ,older 
marIs' at' Cluff~s',Bay;. clearly::two.:zones::lower';and':nearly.at the .base .of . the 
Middle' Eocene'.stage;:·;indicates"that',parts-:of :the"Oceanic·.Formation .are 
older than' hitherto ,determined·~';:.This',discovery·.also':suggests ,that . the 

underlying"Scotland' Formation"is"almost"entirely' Lower"Eocene in age • 

. BASAL PLEISTOCENE . 

. Contact . 

The· pre~Pleistocene·.surface :at·.all· localities is irregular (Plate 2C) 
with pockets·,of·. conglomerate:: (Plate'.2D) ',in·.places':up : to O.5.metersthick. 
Clasts are' invariablY',Scotland:Formation', ,and'.vary' in .composi.tion .from 

weIl lithified;.·:coarse~.conglomerates·;to ,siltstones.· '.In .most exposures, 

limestone' rests·,directly·:upon::the:.eroded 'surface .and"angular . fragments .of ' 
'sandstone' up,·to·.O.:3··meters :(l"foot) :in' di.ameter'.are.foundas high as 2 meters 

(6 feet)· ab ove' the . contact •... The·.basal'.limestone·.contains terrigenous grains 
but·these disappear;within·a'few·centimeters. 
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. Lithology 

Trechmann. (1937, p •. 338) .. noted. that:,wherever. the ,Pleistocene limestone-

Tertiary contact· is 'seen· on· Barbados., (except: .along: the' northeast coast, see 

Chapter~3) basal. Pleistocene lithologies. are different· from the main mass 

of coral limestone:above •. Although.large .. diagnostic fossils'are rare and 

their condition.poor,.Trechmann:collec:ed.a.representative-assemblage from 

these "basal: Pleistocene~'. limestones _ ... The mos t. noticeable fossils· are, 

several' species. of' Halioti.s;'.(abalone) ~ . the' gastropod ·'Plelirof:omaria,. and. the 

bivalve Meicardia.: : Trechmann; (1937, :p. 358) .:concluded· that;· on· the. basis .. 

of theseand:other·fossils; the, limestone;might~be-pre""Pleistocene,. 

'pos'sibly Pliocene" in age.' . Since:the' exact· age:is~·somewhat-.uncertain,. these. 

sediments' will: be: called,: until: more:.detailed-·paleontological study is 

carriedout;Plio~Pleistocene •. 

Senn (194E!) .. confirmed. Trechmann;~s· (1937) observations. and. divided 

the Pleistocene: "Coral Cap. Formation". into a:·thick, widespread, upper 

"Coralline Limestone: member!~;,encompassing: aIl' reef.complexes and a lower, 

much·thinner, .. tlAmphistegina",,"limestone:.member"~ . This'lower member is a well-

bedded limestone: characterized: by: calcareous::algae:.and:numerous .. tests of 

the' large lentiform·foraminifer:Amphisteginalessonii.d'Orbingy. 

Tertiary inliers. on ,northern:,Ba);'bados: are overlain'by the Plio-

. Pleistocene, : Amphistegina~limestone·.member.: . The areal. distribution of 

this memberwas:studied·in:detaiL.to:delineate.the form·of.pre-Pleistocene 

highs (Fig;..4) •.. On' northern: Barbados, .' this: member can be di vided into two 

informal'units~~a'lower,:thin; phylloid'algal'unit and-a'thicker, Amphistegina 

calcarenite unit •. 

Phylloid algal \4,it.~-This.unit·covers the pre-Pleistocene surface 

as a veneer, from'0~3to lmeter (1. to 3' feet)· thick,in aIl exposures on 

northern Barbados ·except: along: the:·northeast·, coast, . bel.ow· the 83,000 year old. 

reef complexe Its thickness isapparently"independent of' the topography 

... "'.', ' ... , ..... , ,.... .. ....... :. 
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of' the' under:lying: surface·~:· :·.l:rregu:lar~laminae-; (2:'to: 16-,'cm~,th:t.ck). of.crustose. 

red coralline· algal: plates:' (Plate:: 2E) ::and::interst±tiai-·geopetal. sediments . 

. constitute- up:·to. 60 ·per .. cent: of:: the'. rock; ::·These.laminae:.are- separated. by .. 

pockets' of' ca1cisiltite: and: fine:,grained.,ca1carenite-:and-ienses-and irregu1ar 

bands of' coarser' grained: calcarenite •. 

The: thin:··'(9.24;:to'·l: mm):,crustose::red: a1gal::plates- constitute a. sel.f-

,supporting' structure:'by:forming: domes:~over:undulations: and' protuberances 

in the' underlyi.ng·.pl.ates: (Plate:.3A; :.B);;: : The' structure: of: the'. rock. resemb1es 

the Pennsy1vanian:.phylloid .... algal::limestones: of::the:mid .... continent,. rich in 

ArcheolithophY1lum: (Wray,. 1964) ;; :. '. The:: specific " identif:Lcation of. these 

crustose red: algae:is:.difficu1t'· as:·most:·, specimens: appear: infertile and. 

1ack the diagnostic:.concéptac1es .. ·: The· hypothallus:·makes.up most. of the· . 

. individua1 plates. and; the. ma.:j OE'ity;.of:. specimens: exhibit: a. cel1. arrangement. 

reminiscent"of:'Lithothamnium::(Johnson,: 1961;' Ginsburg. and' others, .1971a). 

About'20'per: cent~.however;.display;ahypotha11ic·arrangement'moré akin.to. 

LithophYl1um' (.:Johnson, :'1961;: Ginsburg::and;others; :.1971a).· 'Most plates are· 

encrusted' with: at:'least:'one: and~ ',rarely,;::up7':to;-;ten;:;layers~of7'LitlioÉorél1a 

and' occasiona11y; the. forami-nifera:Gypsina-;.;. :,7';01iiginai:- sediment;. shell. frag.,... 

men ts .. and' algal:' plates: are .. extens;f. velY:'bored;: resu1ting: in-:n1IDlerous. random, 

circular' to-.ovoid::ho1esoj :·0.l:·to::0;4::mm- in"diametE!T~ -;-:Many- aigal plates are 

fractured and fragmented. 

Sediment. deposited:.with: these .. plates:.is:.a:.biomicr ite:whose. most, con.,.. 

spicuous faunal: elements:.are-.p1ankt.onic:,foraminifera',: mo11usc debris. and 

fragmented' aigal: plates .. : . Most, of: the:.matrix:between: these: plates, however, . 

. is micrite pellets: and:'minor:'allochems; .'which::later:fi1tered: into. borings, 

fractures and: primary:voids; .. creating:·an:,excellent-: geopetal" fabric, (Plate. 

3B, C)·.'· Intercalated:bands:'of: fine"to: medium:' gra:f.ned-·intrabiosparites, become. 

more common towards-the':top' of~the-"on:lt-; ,-·Skeletai- fragments- (5 to 30 per 
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cent) in these intrabiosparites: are··dominantly:·mollusc··debris, Amphistegina, 

planktonic foraminifera: and.occasional; echinoid .. fragments~ Intraclasts. are, 

for the most.part,. fragments. of; either. crustose· coralline algae with cement 

and micrite.intact.or:pelsparite (Plate. 3D) identical.to.that.between ad­

jacent ~i1gal.·plates ... : indicating both' early,' possibly' submarine; lithification 

and erosion. 

Amphistegina: calcareni te :·uni t • .,..-The;·phyllo:id~. algal. limestones grade 

into a calcarenite,' riche in: Amphistegina, ··which:is: relativelY,:tIiin over pre-

. Pleistocene topographic:highs.but:is: up:·to. 15~5; meters: (50i:'eet) thick 

(Plate' 2F) in .. :interven:ing: depressions~ '··The: rock is: composed' dominantly of 

Amphistegina. and: : assorted. al~ochems:. (40;·per"cent). in' a' varied matrix. of. either 

'mcri te, pelsparite, ,. or:·biocal.cisiltite: and:-:planktonic' foraminifera (Plate. 

3E, F). Calcarenites:become:cleaner.·towards·;the:top: of. the. uni.t. 

Although: the;·numerous: iarge:.foraminifera::make::this:litho10gy. easily. 

recognizable',: it:·is:·the: assorted:·allochems::that::distinguish. it from other. 

calcarenites ... : The: allochems:' are:· fragments:· of': red"algae' and, intraclasts. 

with' only' minor:' skeletai' debris _: ' Red:: a1ga1: fragments" are '. dominantly. ripped-. 

up clasts of: crustose: corall:ines"f :·similar:·to: the:·phyiloid~ algae below,. and. 

occasional articulated::cora11ines;·which:·become: dominant;towards the top 

of the unit·.: Intraclasts:-are:·varied-::in.:aomposition::but:·can:·be:broadly grouped 

into (1) pelsparite;:·(2):-Homotrema:·rubrum· and:micrite, (3) micrite envelopes. 

surrounding"varied"fragments: and· (4) . large composite: grains of' foraminifera, 

red algae and:micrite. or: crustose red.algae. and.:cement coated'with micrite.· 

These intrac1asts. are' clearly:' related.: to.· adj acent: or' immediately underlying 

sediment~ Also.conspicuous:is:the:lack:.of. terrigenous' grains; so common in 

younger Pleistocene limestones. 
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. ArealExtent 

Tertiaryinliers. are';· surrounded-:by:· the'; Plio .... Pleistocene. units. which .. 

reflect- the ,sh.ape·of: the: underlying~pre .... Pleistocene: highs ..... In: several. areas,. 

waterwell' data: suggests·. a pre .... Pleistocene,high-orising;'to·within. a· few. feet. 

of the' present, surface': but.·.there-: is; no' record;'of:·Te-rtiary·:outcrop., . Detailed 

investigation. of limestone. outcrops; in; such;regions: reveals."that. they. be.,.. 

long' to the·.Plio.,..Pleistocene~, and; permits:a:better'delineation: of, the. buried, . 

pre-Pleistocene; surface •. ; In, addition~ :·results: of:·these:-investigations .. 

suggest that:Plio-Pleistocene;units; form: a' large part·of·the"exposed lime­

stone on' the North.Point.Shelf. (Fig •. 4) •. 

These' limestones·illustrate. the;· complex:' structural. history.of. 

the ·area. At:Cluff~ s'; Bay,:·the,'well-bedded:Amphistegina. calcarenite. is. 

slightly undulatory:but· in; general. dips .. to: the: east:between. 4. degrees. and. 

13 degrees,.while the;'steeper::contact- of; the::pre.,.Pleistocene: surface dips. 

at 17' degrees, : indicating: that : Cluf-f~ s; BaY;'has: been~ more: or:'less: structurally. 

stable since:early: Pleistocene, :·and;; d"f ;,i:t;,was-uplifted; :·the. entire area .. 

moved as a'unit~'- 'The: Amphistegina, calcarenite: bounding' the: northern. outcrop 

li.mit of·the·Scotland:Formation;: on;.the.Spring' HalVPlatform:(F:tg •. 4) ,how-

ever,' dips' steeply: to: the'·north:·at: between:15. degrees' and,'30; degrees,. indicating 

that at"least.'part:·of:the: pre.,..Pleistocene:·topographY70bserved may be due 

to·tectonic·movement'since'early-Pleistocene • 

. LATE.· PLEiSTOCENE: REEF. COMPLEXES. . 

The sequence: of:.reef:compl.exes ·in.the:form. of- terraces below. the 

Second High Cliff: along:·Barbados.' :west:coast: is: less: than: 250~OOO. years. old 

(Mesolella and::others; :'1969);., .·Radiometric:'ages:·of;·several: of: these. terraces~ 

from·localities:just. north: of. Bridgetown;,. and:'experiencegained: from. southern. 

Barbados, "where' morphologY'and"chronology ·of·the· reef' terraces' were i.n most 
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Figure 8. Localities of radiometrically age-dated Pleistocene material from western and northern Barbados (aIl studies). 
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cases synchronous, have, been· used.to.postolate:reef",terracfa' chronology.along" 

the west coast·, (Mesolella. and·:others;:.1969); .. Radiometric: dating. was· not. 

possible for. most: of;.the:·terraces··along~.the:·west~·coast·becaose:the. relatively. 

high rainfall: in. this. are a has.·acaelerated.'eqoilibration: of: the. original 

coralskeletal:aragonite:.to'calcite: (Matthews;196S),'making, the corals 

use1ess' for' age: determinations ~ .. Only' on·· the'. relative1y: dry. North Point Shelf, 

where many' of. the:·younger· .. cora1s' are' still' aragonite;' can re1iab1e age dating 

be carried out. 

These' terraces.were:·mapped:;in .detail'.from~'Holetown:'north, in o];'de];'. to 

ascertainwhat: happens; to: the: 10we];'.' terraces:·as:: they: approach.the ·North. 

Point· Shelf".and. disappea];'o .. ;.Limestones:,on.· either-'side:· of:. the. St •. Lucy.·A];'ch. 

were radiometrically·.age .... dated .. .(Fig;.;,S) ·to: confirm" that: carbonates. on. the 

northern part:.pf·.the; island;:cooid;'be::aorrelated;;with: those" to: the. south. and. 

that· reef' complexes' on e:ither 'side 'of' the' arch'·were .. the same age. 

West, Coast .. 'l'errace,Series 

Below. the Second. High: Cliff,. on·,the. west coast, terraces are reààtively 

continuous morphological:features. (Fig •. 9). The First High Cliff stands 

out as a distinct physiographic.feature,.with a.relief of 16.5 meters (50 

. feet) or more, while: the' terraces. lying: .above: and: be10w are more subtle, with 

local relief of. 6.2meters: (20.feet).or.1ess •. Russel1 (1966) and Mesolella 

(1967) confirmed.that.the:leading:.edge.of.each,terrace· is a:massive.series 

of large corals,. dominated,: in.most~·cases; .·by: Acropora palmata,. the species 

characteristic .. of .. the. living: crest: on:.Caribbean reefs· •. The' stony, leading 

edge of the ·terrace: has only a:·thin. soil:.cover. with' sparce vegetation, mainly 

sour grass.· 'l'he: thicker' soi1s,: over.·the· back ... reef; . are: planted in cane •. 

The terraces:are,:therefore;:easily.discernable both·in·the·field and from 

aerial photographs (Plate lB). 
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NORTHWEST COAST 

Late Pleistocene 
Reet Terraces 
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Figure 9. Âreal extent of late Pleistocene reef complexes 
along the northwest coast of Barbados. 
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The terrace series. is' cut .. by .. a.fault atHoletown, near Porter's Factory, 
which' is termed;·!'Porter.'s. Fault!'. (Fig •. 9) •. TJ;tis fault is reflected both in the 
pre-Pleistocene .. surface. and the;:terraces.themselves •.. Present relief on· the 

pre-Pleistocene.surface.indicates.sin~stral.movement· and vertical offset of 
about 3lmeters (100 .feet)· •.. The.·Second:·High. Cliff: arches. slightly over 

Porter's Fault. but.it,. and; the;;terraces above,. are: not affected. Terraces 

below' the Second;:High".Cliff;"are: deflected' by:.the:.fault; (Fig. 9) but most cano 
be' traced across:·it •.. ' The; two: terraces:.below:.the; First· High: Cliff cannot 

be mapped withany.certainty.north of:Porter's.Fault. 

Between: the: First: and. Second;·High:.Cliffs~; north" of Holetown,. three 

terraces can .. be;mapped •. Theseare,:·for.the:most· part., very low. ri.sers 

composed of .coralsc·.characteristic.·of; the.·reef.·crest •. The back-reef facies 
can only locally .. be discerned •. These:.terraces .. will. be. labelled "n", "E", 

- and "F" (Fig •.. 9) ;.so .. that:.they;-·are; not;.confused:·with the' terra ce numbering 

system of" Broecker::and;;others. (1968), 

Terrace· F.--Exposures ·are; dondnated:·by:·the 'presence of Acropora. 

pâ1üis'l:â in the reef.·crest. position. and occasional outcrops of the deeper 

water cervicornis. zone •. The terrace:'lies at an elevation of between 93 

meters (300 feet). and: 100. meters.· (320. feet) . and comes very close to the 
base of the Second .. High.C1iff·north.of.Speightstown. (Plate lC) • 

. Terrace. E • .,...,.. The crest·: of. this: terrace: lies. between 74.5 meters (240 

feet) and 80.5 meters. (260 feet).above.sea.leveL. .Terrace:E, often.lacking 
continuity and· definite.reliéf, is difficult· to trace.laterally on the 
basis of morphology alone. On. thebasis of composition, however, it is 

distinctive and easily.differentiated.:from other:terraces. While the reef 

crest of most·reef terraces is composed of·Acroporapalmata;·the crest of 
Terrace E north of Holetown is made'up of fIat and-colomnar Montastrea 
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annularis colonies, often~surrounded·by· crustose'red'algal nodules 

(rhodolites; Boselliniand Ginsburg, 1971). Surface mapping of the distinctive 

reef crest,often'exposed'only in "low outcrops; indicates that the poorly 

developed reef can.be.traced as far north·as·the southem end of the Crab 

Tree Ridge (Fig. 6,.9) •. 

Tèrrace D • .,..-Terrace·:D" lies: at. an elevation·;of:.between 56 meters 

(180 feet) and 62:meters (200.·fee·t).. 'The'.;reef··.crest·::is-dominantly .Acropora. 

paimata but the,:·fore-reef:-Acropora .. cervicomis: community:is ·commonly. also 

exposed. Beach·.calcarenites. of the First .High· Cliff' complex' overlie these 

facies in several.localities .. (Fig •. 16). The. reef' facies·.loses· its topographie 

expressionnorthward~.and can only:.be: traced .by·.close· facies control a 

little north of Colleton ••. In line. with. the:.extension of.:the .. reef .. facies 

to the north is an area.of Plio.,..PléistoceneAmphistegina limestone on 

Crab Tree Ridge.suggesting that the'reef may die out'against this buried 

high. 

First High Cliff • .,..-The reef complex can be traced without difficulty 

across porter's Fault.although it is 1:'lighly dissected •.. Along most of its 

length, road .cuts. expose··a:massive.cervicornis zone capped'by a relatively 

narrow·,reef·.crest palmata zone~. A: deeper..,.water,: coral community .. of . large, 

rounded heads.can.be .. seen at. the .. foot::of~:the.cervicornis zone. North. of 

Speightstown . the:. terrace .veers: westward:. (Fig;; -.9) "and "post-depositional 

erosion has .removed :progressively .. more of·the·.seaward ~edge' of the. cervi.,.. 

comis zone .... The.terrace becomes.:part. of:. the .sea·.cliffs a few miles north 

of Speightstown"and .. erosion along .. these .. sea.cliffs·has·cut back all of the 

cervicorlfs-zone .revealing . the underlying.limestones .. as.well. At several 

localities, .cliffs.exhibit; a:·massive .. palmata.zone·.resting on a well-indurated 

A •. cervicomis-rich limestone.· The' contact between the two illustrates 
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numerous .. subaerial~. weathering:: features: indicating: a -: period . of sub aerial 

exposure between.periods:·of;:reef:·accretion. (Plate .30). 

Facies .associated '.wi th:: the:. Firs t::High:~Cliff.· complex .. are. readily 

mapped' due to .. extensive:: outcrop.;:: : Where ;:.the:· Firs t: H:f:.gh:· Cliff' becomes. part 

of' the sea cliffs;, " the:·back.".reef;. fac.ies .,undergoes ':a;,change:.i:rom,.dominantly 

lagoonal' sands'. wi th; minor.: corals -. to - a::Pori tes;' pori tes; zone' fringed. in the 

landward position :by; an::algal:.ball : (rhodolite) ::zone.-that":can:be: traced .. northward. 

(Fig. 15;' for;;detailed::facies':discussion.:see . Ch ap ter .3);' . Cliffs along .. the 

coast, cont:f..nuous:.with:.the:.First .. High: Cliff;:. are:: composed" of. a .massive 

palmata' zone·:.w:f..th: numerous·:channels.;f:f..lled,w:tth~P;'; ::porites' debris apparently. 

washed in' from:·the .. back-:-reef.;:. :·Most·:late.·Pleistocene"limestones .exposed .. on. 

the western .side'.of;:the.:North 'Point' Shelf are part' of-the'·F:f:.rst High Cliff 

reef complexe 

The reef: facies:.of:.this· .. complex·.was"radiometrically .dated at five 

localities' (see .Appendix .. F) ~ .. In. aIl. cases, ·.the·.coral species analysed 

was A. palmata •. These.an:alysesyieldan average Th
2 ;30/u23'! age of.l04,000 

+ 231 235 + - 4,000 years .B.P •. and·.an· average ·Pa .. ·/U age of 100,000 - 4,000 years 

B.P. (Appendix·.F) ..... Clearly, .. this .reef .. complex, .. at an average élevation. of 
. .,.. 

3lmeters (lOO.feet),is .. not .. the.same: age.(125,000 . .,.,. 6,000 years.old) as. 

the First H:f..gh .Cliff .. south.:of::Porter.' s;.Fault:but,. rather,. corresponds nicely 

toTerrace' II .. of: Broecker: and:-others:. (1968) :which·.is .. 104,000 years old .and,. 

around most of the. is1and, :.lies: at. an:.e1evation:.of; about 18.3 meters (60 feet). 

As demonstrated. :f..n .. the:sea:.cliff .. sections,· .. these .1imestones are not 

thick and' were:. deposi ted::by:. a;; high:. stand:. of:. sea".leve1 fo11owing subaeria1 

exposure' of .an .. underlying .. reef .. comp1ex.: ... This.underlying .reef is corre1ated 

with the' 125,OOO'.year .old·.comp1ex:.on:.the:.basis·.of . the fo11owing evidence: 

(1) it is a well-developed' complexwhose reef-faciesoccupy approximately 
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the' same' geographic.position. as:.those; above; '.,(2):.it;'forms'.the base upon 

which the 104,000 .. year old,'comp1ex .grew, .,thus.determiningto' a· great degree 

its morpho1ogy;, (3), it is, separated:;from:·the'.over1Ying· complex by a period of. 

subaeria1 erosion; and. (4) it.is ,in'.line:.with·:the';First·.High Cliff to . the 

south. In this. area:.of .. Barbados,.;the'.12S,OOO::year ·old .. comp1ex was .covered. 

by the' 104,000.years. B.P •. sea .. level..high .. stand::and-.a're1ative1y thin, but 

'latera11yextensive, reef comp1ex accumu1ated'on'thisfoundation (Fig. 13) •. 

Northeas t., Coas t 

The northeast .. coast .. be1ow, the. Second. High Cliff is. a broad plateau 

that slopesgent1y eastward. towards:.sea,. cliffs .. which .. are .being rapid1y. 

eroded (P1ate.1E) ... :.These·,sea.:cliffs .. display .a.thick ,reef ,facies consisting 

of cora1s and .. sediment:.that:.are, .. for .. the .most .part,· 1itt1e .a1tered, and 

poor1y 1ithified, suggesting: they:.are:,re1atively .young. These sediments rest 

on' we11-1ithified .. limestones,. except:.in .. Gay'.s;.Cove· where they directly over1ie 

the TertiayY, ·.:Oceanic:.Formation .. (Plate: SA) ~. Detailed:.mapping of, their . com.,.. 

p1ex facies. (see.Chapter:.3) '.revea1s,.that .. these. sediments be10ng :to .. one 1ater­

a11y continuous,comp1ex .. and.make up most of the 1imestonè exposed on the 

northeast coast. 

Differentia1,movement·du;ring'.up1ift:.is:.indicated':bY' a' fau1t at River 

Bay (Fig. 14).; .This .structure.:strikes.ob1ique1y,tothe coast and rocks on 

the seaward side;.have: suffered::a;:vertical· offset,'of:at':least .6.2 meters 

(20 feet). ,The,.upthrown: b10ck 'on' the seaward 'side-forms the partial barrier 

to River Bay •. 

In situ.: coral:: ske1etons:'were:: selected.:from' .. three ,widely separated 

areas 'within:.this··complex::for: rad:iollle1i];'i.c:.dating"{Fig~. 8). Specimens 

. were taken' from:- '(1). the: palmata.: zone:. of:: the: barrier.,..reef facies, (2) the 

cora1-knob zone'of' theback-reef facies, and' (3)' the fringing-reef facies. 
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Th 1 i Id ... Th230, 234 f 82 000 + 2 000 eSe samp es.y e an· average . U.::. age.o '. ; '-. years 

231 235 . + 
and an average .. Pa ..... /U.:.:.:.age .of;:82.000.·...,. .1,:000'years· B.P. '(Appendix F). 

This reef complex .. appears .. to.be .the··same· age ·as·.the lowest reef terrace near 

sea level along .. the south. andsouthwest 'coasts of--theisland (Broecker and 

others. 1968). 

The shape. of .the .. 83.000:.yeaT:old:.limestone:body::along·,the northeast 

coast is like· a wedge, .. with.:its:.featheT. edge .. lying'along· the top of the 

St. Lucy Arch .. and ·thickening::eastwaTd:(Fig~:.14) •. ,::Uplift .and erosion ... 

along the northeast. coast have·.combined::to .expose.not·.only· the 83.000 year 

old reef complex.but the underlying.sediments as weIl. In the northern 

part of' the .northeast .. coast. the 83.000.·yearold.reef complex iS"underlain 

by a calcarenite;:sequence: more.: than .. 20 .. meters . (60 .. feet) thick (Fig. 7). 

The 'upper pa1:'t·:of:.the:.unde1:'lying .. aalcarenite··contains numerous large heads 

of Montastrea:.annula1:'is .. (Plate.:liC) •. While·.well-indurated· reef limestones 

underlying· this::complex .to .. the.:west:.cannot .. be used .for radiometric dating 

because·allaragonite:has.inverted .. to .. calcite, .along·the sea coast such 

diagenesis'hasbeen: arTested, .: and· .hence:. coral:: skeletons·· can be utilized. 

Underlying··reef:.carbonates:.are::accessible·.along::the' sea::coast ·near North 

Point and' one .of: the: large:.M.;:annularis .. colonies .. 4.6 .meters (15 feet) 

below the contact .. was.:secùred;;for: dating. (Fig,; :.34).; .This':sample .yields a. 

230/ 234 ... + 231/ 235 radiometric ·Th ..... U· ... age'.of'·.127 ;000·: ... 3'1000 ·yeaTs·:B.P,,; and a Pa·· U 

+ age of 124.000 .. - .5,000·years:.B.P •. (Appendix' F)'indicating' that . the .upper. 

part of the .underlying".limestone:. in': this:, area::was:: formed:. dur ing . the same. 

high stand of: sea.level as.:the:First;:High'.Cliff"on.·other· parts of· the 

island. but here it is'buried'below a younger complexe 
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... :Northwest;;coast.-.fringing .. terrace 

Oècurrence: and -: dàting.; ,o;...-A:narrow:; .;. discontinuous -. terrace .lies a t the 

foot of Pleistocene.:l.imestone:.cliffs::al.ong-;the·:northwest coast (Plate .4A). 

This terrace is.:best. developed.·in::bays·.but:·headlands::are :often notched at. 

a similar·elevation .. (Plate:.4B) •... The:.terrace.rises·.from· sea .level at 

Maycock's' Bay'. (Fig;. '.10): to::about:·4 .. 5::meters-; (l7..:feet)· above sea .level a.t 

Cluff's Bay.·.As ·wave .action·along· this··coast- is' strong; much of the terrace 

has been eroded. . 

Where best .exposed .. on:.the.northern:.coast, the' terrace differs in 

internal composition:. from:·older;:reef:· terraces·· described' by. Mesolella and 

others (1970).: ... J:t.·is .. built;.on .. a:.wave-cut platform':eroded 'in Tertiary or 

older Pleistocene:.strata. The. sediment,which' has accumulated to a thick­

nese of up to '4 mete1:"s· (15. feet). on· this.platform, is divisible into .coral 

and sand facies (Fig. 11). The seawa1:"dpart is a massive, shal.l.ow water, 

reef limestone"dominated .. by .. the. corals Acropora .palmata:--ahd ::barge redll:umnar 

Montastrea annularis (Plate·.4E) .which .are common forms on the crests of 

Caribbean reefs .today •.... Othe1:" .. corals .. include .occasional la1:"ge."~.situ 

heads"of Porites .astreoides and· small·.banks".of .Porites porites. The 

poorly-bedded,.·. carbonate sand. facies' aontains .. abundant molluscs (Plate 4D) 

especially the".1and .. snail:.Helix isabella and the marine- gastropod Cittarium 

.. (Livonia) pica. 

Samplesof"the: c01:"al·~. astreoides. and".the:·gast1:"opod Cittarium 

(Livonia) pica were.analysed to date the terracé~ The fossils yielded 

230 234 + an average Th lu age of. 61,000 ~2,.000·years B.P. and.an average 

pa23l/U235 age ·of 59,OOO":!: .3·~OOO::years;.BwP •. (Appendix:.F). The narrow 

range of dates .cl.ustered :around.60,OOQ.:B.:P·. :obtained' by both methods of 

dating indicates their' reliability •.. Theoocoral.dates are more reliable 

than those obtained"from' Cittarium picabecause' the' gastropods are likely 
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Figure 10. Localities of 60,000 year old reef terrace a10ng 
the northwest coast of Barbados. Cross-section in Figure 11 taken 
at C1uff's Bay. 
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to contain uranium taken into their skeletons .shortly after fossilization 

(Broecker, 1963; Thurber and.others, .1965; .Osmond and others, .1970) even. 

though theyare.st:f.ll pure aragonite. and·.have retained'.the-.striking ex-

terior markings .and:shiny'interior.mother.o:ff pearl. 

Trechmann:. (1937) .:has:.described~.beds :r:f.ch. in-.the-:land .snai1 ·He1ix. 

isabella as .for:m:f.ng .. a ... veneer·.along .. ,the·.coast-·.on··the···;south' and east .sides 

of Barbados. : .. These .. beds,· 0' • .5 ·to; 3.5·.meters·:above·'sea·:level, ·contain a 

mixed land ·and·:mar:f.ne.:mollusc ·:fauna·:as:~we11·.as .corals •. Since they are 

found at or .near·. the .. present:.coast:.and: are .different 'dn composition _from 

the Pleistocene .. limestones 7··he .. believed :they.:were·.deposited· subsequent .to 

formation 'and. uplift ·:o:ff;;the;··entire·Pleistocene :Goral .ea.p~ - . Field investigation 

of these depos:f.. ts '. :f..ndicates·; that-. they:: are-, :.as . Trechmann ~ s '. descriptions .. suggest, 

essentially .the .same·.as: those·.sediments .forming~:the-.dated:'terrace .fringing. 

the northern .. part .. of.the· island ... : Although:.not'.dated,-:the·'similarity of 

stratigraphie posi~ion.and.composition;suggests .. they·were'deposited during 

the same'high' stand.: of .. sea .. level. 

Contemporaneous -,late-:Ple:f.stocene::marine·. terraces ~ --Marine terraces 

formed during early. W:f.sconsin· time, .although.rare, :havebeen reported from 

other parts' of the. world.· ... Shoreline .deposits ~:f.n:.coastal .Georgia .suggest 

one marine transgression:between:.25:,000:.and .30;000::years .B.P. and another 

between 40,000.and'.4S·,OOO.:years oo B.P."(Hoyt.:and·.others, '1965). Radiometrie 

dating of interglacial.shoreline.deposits .. in Alaska indicatesa high stand 

of sea level.between:.40:,000:.and. 50:,;000:years·;B·.P~ . (Karlstrom, 1965). In 

New Guinea a .complexooseries .. of .reef-.terraces·.suggests·three separate .marine 

transgressions at. (1) .29,OOO.:years· .. B.P. ,. (2) -.35,000·.to 50;000 years B.P., 

and (3) 65,000-.years .. B.P., (Veeh.:and:.Chappel.l., ';197.0) •. ' On .the central 

Ryukyu Islands in·the westernPacific~ two separate--limestone units have 
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dated at 42 ,000:.and,.67 yOOO.;yea1:s::BwP ... (Konishi,:and ·.others, in press) 

(Fig~ l2--ba1:' .. 1:'ep1:'esents:,1:'ange. of::ages .. 1:'epo1:'ted'-for' each' deposit, not 

error in single age;.dete1:'mination)., 

Additional-evidence:.ofc: late:' Pleistocene:,; climat:lc" changes .... -Comparison 
with late Pleistoaene .. climatic events detèrmined by other:studies reveals, 
the importance:of::this .. terrace.,.Wisconsin·.ch1:'ono1ogy-,and .climatic. 

fluctuations .. a1:'e"based: la1:'gely.:on .continental-.st1:'atigraphy·:which .1:'ecords ,the., 
presence of' two: majo1:'"glaciations~ ~!!Classical'! and'YEarly" 'Wisconsin; .Flint, 
1963). The Plum Point ,:1nterstâdial:, (25,000·:to 35,000 :years- B'.P.) and Port 

Talbot inte1:'stadial (45,000 .. to .. 55,000 .. yea1:'s B.P..) .. separate thetwo major 

Wisconsin glaciations, while·.the: St ... P.ie1:'1:'e .inte1:'stadial (60,000 to 65,000 
years B.P.) 1:'ecords a b01:'eal .. pe1:'iod;.durlng .the .post-.:-Sangamon ,glacial advance 
(Fig. 12) (Goldtrhwaite, and .. othe1:'sy:.1965; ".DJ:'eimanis,.1969). 

The"patte1:'n .. of: climatic':.fluctuations:.is'.1:'efl.ected .indeep sea sediment 
(Ericson and:.Wollin; ::1964; ·:Enrl.liani, ".1966 ,:1970);; ":but·;the 'exact dates of 

these . tempe1:'atu1:'e:.fluctuations':a1:'e: still-.un1:'esolved': (Rona and Emiliani, ,1968; 
Broecker and .. Ku; .1969).;':: The:: times .. of .climatic". fluctuations ,obtained ' 

from . deep' sea. C01:'es :.have;. howeve1:'; :been": c01:'1:'elated ':wi th:. the' ,Barbados . terraces 
by Broeckerand ,others.:(1968):Fand"soc.a1:'e·.used".he1:'e ,in.Fig •. 12. 

High' stands ·.of.:sea:.1evel:. (inte1:'glacials):' 80,000':years' and older are in 

good" agreement::with::the:'insolation:.cu~e ',p1:'edicted' by the "Milankovd:tch 

Hypothesis" .... :UnfoJ:'tunately, ·.few,'1:'adiomet1:'ic· ages ,are availab1e for the 
younger, mid.".,:to:.late: Wisconsin::interstadials,:.except".as ,noted above. The 

insolat,ion" cu~e:,suggests:.warm:.pe1:'i,?ds.:(but:not~as .warm as the ,Sangamon) 

should' be·p1:'esent":at:.appJ:'oximately:.33,000; -.60,000' and' possibly 48,000 years 
B.P. (Mesolella and'others, 1969). 

7 
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Figure 12. Ages of up1ifted.marine terraces correlated with Pleistocene c1imatic fluctuations. Marine terrace data from Georgia (Hoyt and others, 1965)., Alaska (Kar1strom, 1965), Ryukyu Islands (Konishi and others, 1971), New Guinea (Ve~h and Chappell, 1970), and Barbados (Broecker and others, 1968; this study). The bar re­presents the range of ages reported for each deposit, not errorin single age dete~ànation. Glacial chrono1ogy ~ Dreimanis (1970). Deep-sea core S 0 data ~ Broecker and Ku (1969). 
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Therefore,. the· occurrence.:of: a·.60;000 .years·.B~P •. terrace on northern 

Barbados is not anomalous, .. but:fits.both .. the .. glacial'and·deep·sea chroftology 

and the predicted: solar'; insolation. curve. 

In Barbados,' the. 60~000"year.:old:.terrace::probably·.represents the sea 

level high' stand;between:·60yOOO:;and:.65~000 .. years'.ago.: The' younger high 

stands may be .. represented .. as.:part: of. the:·shallow:.water: erosional. terrace 

'that extendsup tO'a mile' offshore"from' the' west coast (Macintyre, 1970) • 

. S'UMMARY:;AND.·DISCUSSION. 

1.' The broad ... platfo1'1ll.;on::northelm. Barbados:.is: underlain';by '. the .extension 

of' a north-south:.ridge ;of::deformed::'l'e1:tiary.·strata::that:forms the core of 

Barb ados. " . This ·.northern .. part '. of:· the:; ridge:: is '; called .. the' "St ~ Lucy Arch". 

The flanks of .. the:.arch:.dip:gently .. to:.the:.east:.and:.west· but .the core is .. · 

dissected into:.three: distinct;:pa1:tially·:buried; .. highs· (Fig. 6). The 

sediments"making ,up, the.;co1:e:;of: one::of' these·.highs, 'exposed at Cluff,'·s 

Bay; are Globige1:ina:ochalks". (Middle: Eocene: (I:.utetf.an); -Globigerapsis 

kugleri zone)., These, are ,the .. oldest .. beds:.of.the: Oceanic Formation so. 

far recorded, ,extending:.the. age .. of.these world ,famous sediments over a 

slightly ~ider ,range,.: and .. restr·icting' the' underlying Scotland Formation 

to the Lower Eocene. 

2. Overlying' the: pre-Pleistocene:surface,;is: a:.conglomerate, with clasts 

derived mainly' from: the :Scotland ,Fo1:mation':clastics~ The presence of 

boulders of Scotland .. Formation in:· the .. overlying' Plio-Pleistocene limestone 

units suggests. that. initial:', carbonate sedimentation,began. in some areas 

while erosion· was· continuing:,in:.others., :.perhaps ··on the topographie hi.ghs. 

Erosi.on· along::wi.th:.subsequent::tectonic: activity:.may: be. responsible for 

the hi.ghly dissected·nature·of,the·St. Lucy Arch. 

1 
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3. Plio-Pleistocene', carbonat.es ',consti. t.ut.e '·a'· great.er part.' of' the 1imestones 

on' the North .Point.-.Shelf'.than-·previ.ously' supposed;", ",Theyare',divided into 

two units--(l) '·a ".th:f.n;.basal;-.phy110id .crustose'.red':algal .unit forming 

a more' or' 1ess' continuous ·mant.le '.oveli:.the:,plie ... Plei.stocene ,surface and 

(2) an uppeli;-t.hi.cker; ".Amphistegi.na ·calcarenite',unit 'which is thickest 

in 10ws'on'the'pre-P1eistocene surface. 

4. The area1',distribution"'of',Pli.o-Plei.s-tocene" and",Tert±ary ,rocks shows, ' 

that the'la-te ,Pleistocene '; outCliOpS-. cannot".be"i-trac.ed".across ",th e St .. ,Lucy 

Arch. Radiomet.ri.c'. age' dati.ng" of ; cora1s ',from' the ":widespread '; limes tones ,on 

either sideof".the',alich'·i.ndi.cat.es-that."limestones"·forming most ,of the out-

crop" along the:,westelin ~edge.of".t.he·;platf01i1ll'were.formed".during a ,sea 1eve1 

high stand -104; OOO:yealis,; ago, and" alie -.not '; compaliable ".wi th" the ,limes tones ' 

making up mos-t",of' the sediment"·on ,the: eastern ;part." of ',t.he-platform deposited 

during the'subsequent high stand'of sea 1eve1 83,000 years ago. 

5. The sequence" of".reef: complexes",on",most ,of' Barbados',appears ,to record 

a 1ate P1eistocene:.history .of".periodic'·deposition ,ona',constant1y ,rising 

substratum: (Mesolella ,and: others,.',1970),. ',but ",stliat.igraphy ·of .the same 

reef" complexes ·on:;nolithern; Balibados :.liecolids ',a "·history ·of ",peliiodic . deposition 

on' a substratum',undeligoing';sporadic" uplift~ .:.'Warping .of .northern Barbados 

sometime' between.l05 ;000 ,and';125;000 ,years'.ago .l:esu1ted ·in' relative de-

pression .,o.!=,.the ·al:ea .... ,High stands'·of·sea.level 104 f OOO' and 83,000 years 

ago transgressed-'pal:t'·way":acl:oss othe :Nol:th .Point',Shelf and'acaompanying 

reef deposit:f.on.buliied'.pre ... exist.ing",reef ;comp1exes~ .Subsequent increased. 

up1ift, raised ô-these:',lat.erôreef:.aomplexes-.to'.heights' above comparable de-

posits' on 'other"palits:-:of the";island;.:, .This".relatively- greater up1ift ,a10ng 

the'northwest'coast'has'resu1ted"in"the'subaerial exposure of the pre-

- 1 
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vious1y' unreportted.:60·;.000:.yea1!'ôold· reef-terrace'which' fonned"be1ow present 

.. sea 1eve1 (Fig. 13). 

6. A narrow, ·discontdnuous ;:z;eef·.'teE'E'ace •. 2..:5 ;to :4~5 .meters above sea .leve1, 

. + 
and radiometE'ica11y·.dated :at;60;000';-" ;2;;000 .yea:z;s';B.P'~·, .fringes .the. 

northwest" coast ·of· Barbados· ... ··This.ûeE'E'ace ;is';distincû',from',older terraces 

and can be' corre1ated .litho1ogica11y',and;stratig:z;aphically·with ·simi1ar . 

terraces some·· 32 .ki1ometers·, (20",mi1es) ',distant~ on· the" southem part of . 

. the' is1and. ; Marine;.tteE'raaes:-dated:ôatt'.65~OOO-;years ·B'.P;;"on--New Guinea .and 

67 ,OOO"years :B~F .. '·on ·the'.Ryukyu-':~slands';were"probab1y-'deposited during 

the' same' sea' levei ,high,.stand .. 

These da'ta,along'.with:.daûes';o:li:;otthe:z;-terraces';:lionned--:during the ,mid ... , , 

and 'early' Wi.sconsin':throughou't.the:;wo:z;ld·,.;and-.aoupled-:with .continenta1 . 

glacial and ,deep sea .core:.stratti.graphy~ ::indicate~ that-' sea 1eve1 stood 

re1âtif:ve1y high at, three .sepa:z;ate'. times:- during-: the -.Wis cons in " about 30,000, 

48,000 and 60,OOO.,years .B.P. ' As .tthese·.periods ·we:z;e not as wann ·as ,the 

interg1aciaIs, ·sea level.did.not,rise.to,a.1eve1·corresponding.to the 

present sea "!teve1~ ·Consequentt1y .. deposits'.are,on1y ·observed ·in ·areas 

that have undergone .some· subsequen't·,'tec'tonic up1if't. 

Variations in .a1imate::may .be:; con'trol1ed'.by'. changes insolar . insolation 

(the Milankovitah',Hypothesis)~" Galaulations·.suggest ,that'warm .periods. 

al though not, as' wa1<m', as:. in'terg1acials, ,shou1d ;have '; oacurred about 33,000, 

. 60,000' and' possibly:,48;;OOO·yea:z;s.ago . (Veeh ;and".Chappel1,. 1970). The 

close agreement,between: tthe·.ttimes ·of '.tthe'.warm'.periods ',discussed ,aboveand 

, the - times" of-.those -.p:z;ediatted:'by:·, the '.Milankovi. 'tch '; Hypothesis 1ends· suppor't 

to those"who:·.:lieel·.tha't:'large"variations"in solar'inso1ation may initiate 

glaciation. 
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(, CHAPTER '3 LATEPLEISTOCENE .REEF'COMPLEXES 

INTRODUCTION 

Owing' to the . unique conditions .. necessary· for .exposure of Pleistocene. 

limestones, ,few·have :been·.,described::dn deüail,(Stoddart, 1969). Are-

connaissance study ,of. aIl. the .. reefs.,on·.Balibados ,was·.aalill"ied out· by .Mesolella. 
(1968) and ,sediment :composition . .iof .some :selecüed:reef',complexes was ,de..,. 

termined byKiesewetter ,: (1968). : · .. From :these·.·invesüigaüions :.'a·.:generaLmodel 

of' reef development' .. was,pll'oposed. (Mesolel1à 'and·jothell's,·.:1970)· .. · None of. the 
Pleistocene reefs .,on.,the.,island:,.has·.been,subj·eated ,üo··detailed' examination, 

due mainly'to"lack" ofi .. continuous.,.exposure •. 

Uplift ,and .. subsequent ï eros1on .'of .. the late .Pleistoc:en·e .:reef complexes .. 

(104; 000 years · .. B '.P. ',' and. 83 ~ 000 .iyears·. B. P ~) ; on3northern '. Barbados .has . created , 
extensive·outcrop·.whic:h';c:an"beJexamined_in· .. detail. ,,·.The ,83,000.,year ,old 

complex, in ,partic:ula1:'~idisplays~a~sequence ,of .fac:ies,:thatreflects .. the., 

response··of·,animal~c:ommuniüies ,and~sedimentary' .. lI'egimes,·to::a·,·slowly .. rising .. 
sea level. As .. the:.animals·, that.·inhabit·.,the ... ree:f::ec:osystem,today .. are,. 

essentially ;ühe::same~as"·those'~of:.IOO,,OOO·,:years'.,ago;:.comparison.c:an .. be .. made 

between·,late .. Pleistoc:ene·,:fossil::and::modern::living·.eommunities., ,These .. two. 

reef' complexes::are::desc:ribed':from:.the·.,point·:of·,view·'of' stratigraphy, facies 
development:. ··and sediments. 

83,OOO',YEAR,OI.;D::REEF::GOMPLEX,,:·NORTHEAST ,COAST. 

This' reef "c:omplex::is·.exposed:in~,:excellen1Ii :but::o:f1Ien:::f:nacc:essible,. 
outcrop··along· .. the sea.,eliffs. (Plate :ID) ~::', These',c:liffs: are.:parallel, to .. the. 
facies trends -and,', are.:mostly ,eu1I ,:into·:the"reef'. facies:: (Fig •. 31). . Bays. 

and river valleys, .a1I _right :angles,·to .. the ,coast, :.yield:,exeellent . cross.". 

sections of the complex (Fig •. 32) ... ' There :are·:also·.many·.:smaller outcrops. 

on the North Point .. SJielf, that .. are .. well exposed'due ·to the' arid climate 

and lack of vegetation. 
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NORTHEAST COAST 

83.000 yr old reef complex 

FRB Frlnging-reef facies - calcarenite 

FR Fringlng-reef facIe. - A. RIIlmmsL 

R Barrier- reef facle. 

P BIrita-"lbaIlIuIIl zone 
p,. Nodula fA reeS algae 

CI( CGraI knGb zone 

T Terrlgenoua acmcf zone 

cgl BaIQI cangIoInerale 

-~..... FouIt and .... of lIICMIII*It 

0IdIr PIeIttoc-. 
-- obeerved CClIIIaCt ~1nIarred canIact 

NORTHERN 
BAR8ADOS 

GENERAUZED 
CROSS SECTION 

.[ 

. Figure 14. Surface facies distribution and genera1ized cross­

section of 83,000 year o1d reef comp1ex, northeast coast, Barbados. 
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, Stratigraphy 

The under1ying',surface ,of',the:,reef",comp1ex,is";formed of Tertiary, 

and older 'Pleistocene isediments' .. :.:,Although ',lIhe:cont<actnexhibits ,evidence ' 

of subaeria1 ,and ,extensive:,biological,erosion"; ':no':fossi1":subaeria1, ca1careous 

crusts were ,found.', ',The',shape',of"the"limestone-.body-.:l:s,that of a .wedge_ 

Arch'.' On' the-.northern',coast;',the,83;.OOO',yea1:":old:lilllestonesover1ie.a, 

thick sequence',of:;corals·,and:,calcarenites •. ',The'-,top-.of';the':older ,limestones 

is marked bya ,present-:day, :erosional.bench '(Plate"5C) ;':frequent1y ,pictured 

in studies of ,the.island', (Priee, ,1962);;,' A:coll'al',some":3. t',maters . (15 ,feet) 

be10w ,this bench'.was:dal1ed ,al1',125:,.000 'yeall'S .B'.,P., , ,On ,'ûhe',southenl ,part ,of, 

the northeast'.co·ast .'(Gay,I,s .Cove.to .The ;Landioak},,';-the :83,.000'year ,old ,lime-: 

stones' over1ie ,chalks .of' the'!Iell'tiary ,Oceanic',Formatl:l:on;o 'much younger than 

those 'exposed·at :Gluff"s',Bay (Plate SA). 

, Facies 

The lithologies ,of .the.reef .complex;cannolI-,eas:l:ly'.be'.divided .into. 

separate 'parts', (Fig •. 14) ',but,. "in',general ,terms,. ,the,limestone'can ,be .broken, 

into' a thin,',basal ,unit-,and',an"ove1l'lying,. ,thicker~:reef':unit •. ,The.basal, 

unit; "directlY1overlying :the',older ,Pleistocene '::limes-tone ': and ':'1lertiary strata~ 

is made"up"of: calcareni1!es',and':eonglomerates-:which~'::l:n::the·.eastem part. 

of the ,area;; :grade',updnlIO'.a·:coral"'1::l:ch ,lithology~ . -'The':overlying ,reef .unit ' 

is divisible" .on .the',bas:l:s',of ,co1l'als"and',sedimenl1s,.-·:!:nto-.l1hree ,separate, 

facies--(l) .a .bar1l'ie1l'-:reef ,facies;,; ,(2) .a',back ... reef':facies ,and,"; (3) ,a .fringing-: ' 

reef' facies •. ',The '.bar1l'ie1l'-.reef ,fal!ies -.is,. ':in -, l1Unl;'; .divisible ',inl1o ,two ,zones..,...,. 

(a) the palmata .zone land;,~b}-,the"ae1l'Vicornis'.zonej;',in'.wh:f.ch-,the .corals .are 

almost .exclus:hvely';Ac1l'op01l'a .palmaûir and·IAcl1opol1a·.eervi:liorn:f:s~':--.The .back ... reef ' 

facies is divisible"'into·.three',zones--(a) ,the.coral-knob'zone, made up of 
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scattered, rounded, coral heads in calcarenite'and'calcilutite, (b) the 

terrigenous sand zone, and.(c) the Porites-Thalassia zone, which overlies 

the terrigenous sand zone.and~.in.the upper parts ·of·the· reef complex, . 

overlies the .. coral..,.knobzone ··as ,well. The·,narrow,. fringing-reef facies 

is developed:dn:the:·uppermost.'pall't-'of ,the ·complex·:-and ·is co~posed of'a 

reef zone··and back-reef zone. 

Basal Unit 

A veneer.of conglomerate' (Plate 5B)and calcarenite.covers much of. the 

eroded pre-reef. surface (Fig. Iii). Conglomerateis most common over the 

western, 'landward,part of the pre-reef surface·.and~·clast!s:·are: derived. from. 

all known' Tertiary' sediments:,: various.· older . Pleis tocene -'limestones . and. frag':."" 

mented··caliche.:crusts. '. Sedimentation:.was .not:.continuous· as many of the. 

pebbles on the .. upper.surface .. of.the conglomerate:.are:.extensively.bored by_ 

molluscs and .. sponges .. (Plate .5F). This conglomerate:.grades·.eastward into a 

poorly sorted~~coarse calcarenite made up of intraclasts; articulated coralline 

algae, minor coral, .and.red.algal.nodules •. 

In the.eastern, seaward-~ .. part:.of .. the:-area, -. the .basal .. calcarenite .is 

overlain by .coral ... calcarenites .. consist:ing .. of .. about .40 .per,cent Acropora 

palmata·.fronds, : Montastrea annularis' (Plate 5D, SE) .and·.scattered Diploria. 

in a matrix .similar .. to.,the calcarenite .described,above, .but witb .. fewer. 

in traclas ts • ~ .. Ins tead, .. the .. dominan t . alla chems ';are Homotrema' and" red crus tose 

algal fragments. 

The eastern, seaward,-section of coral-calcarenites.passes upward 

without· break.:.into:.tbebarrier-reef. facies:.of. the .. overlying. reef unit. In 

contrast, the .. basal·unit.and .. the.overlying back.,..reef.facies of the.reef 

. unit are separated.,by.,a:,distinct·boundary" .with:,the·;upper:,surface of. the 

basal unit coated by' crUstose,red' algae (Plate·,5E) •. This break in sediment 
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deposition,marked by the erustose'red,algae,.suggests that, during 

initial stages ·of barrier-ree:f' g1l'Ow1!h. j Jopen:.oeean :wavesswept aeross the 

baek-reef area', .-eneou1l'aging: cll'Ustose':red"a:Lgal';growt:h -'and'lsweeping away 

most loose sediment. 

Reef Unit 

Barrier-reef ·faeies.-.,..(a) Palmata.zone (Fig. 14) - The_'reef front. of, 

this eomplex is eomposed of a massive aeeumulat>ion.'of':Aeropora .palmata 

(Plate GC).· This A •. palmata.,grew.and/or,was ,seattered over an area about 

0.53 kilometers (1/3 .mile). wide, ,·6.5.,kilometers- (4. miles) ::long, ,forming_ a 

deposit over l2,meters. (40 feet),.th!1ak'.,·, "The"palmata'zone::appears tO.have 

remained in' one .·position: throughout "most;· of '.the:: reef ::development "and _ formed 

a massive wall, eomposed'almost .exclusively":of>A~ :'palmata-,fronds stacked. 

one upon the·.other. Individual fronds,:areup .. to :0.3 :meters (1 foot). thiek" 

often over1.2.meters (4. feet) wide, and weigh,.hundreds of pounds •. En-

erustations of red·;.algae: on:.the::upper:.surface::of::many-.fronds . (Plate. BA, 32C) 

:/-ndicate they.were. encrusted ,.in " growth' , position ~ .. like:, those_ now growing. of f . 

the north' eoast·,.of, Jama;i.ca-. (personal.,observation) .• :.:,In:.almost. aIl. samples. 

examined'; .the,.red:,algae:lwas:.Lithophyllum:,with"up:.to,.lO~per:.cent. additional. 

strands ',of' Lithoporella. _ .ManY:'o:fLllhe :!.. :.palmata::fronds: are:.inverted. (Plate, 

GB), indicating. that they ,.were .broken_.andtumbled'.from_ their growth. 

position beforeburial. Repeated_ boring bYr .. the.gastropod.Lithophaga (Plate 

BA), the spange Cliona,. and .. eunicid.worms .. (James,.,1970) weakened ·these large 

structures and made, them amenable"to mechanical:.breakage .... Tight. packing. 

of the structure is weIl demonstrated,.by ,.the.numerous :smaller,. immature 

fronds that are wedged,between_the larger fronds"resembling a fieldstone_ 

fence. " Stability',.of this' structure .. is:,enhaneed~.by,.the:'in',si.tu,cementation of 

some.of the·inter~reef:sediment' (see Chapter 4). 
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Sediment ·between·.the ·A. palmata ,fronds ;ismainlycalcilutite and 

calcisiltite,·characteristically 'containing',whole; 'unabrai.ded, .. pelecypod . 

valves, ·rods".of",cora·11i.ne·;·algae .. ~espec:t.al.ly-:;Amphil'oa}i.' and.· tests. of 

Homotrema rubrum; :O·.·In 'calcarenite:·lenses: and-pockets, ·,the. grains are 

predominantly .·well.,.sorlIed ·I.coral:- fragments .... ~Plate: 7E, ,7F)·.with. an. average .. 

grain size of 0.25.·m •.. Accessory .. gl!'ains are .composed 'of".mollusc, Amphiroa, 

and ·Homotrema· rubrum .fragments •. 

(b) Cervicornis zone -.Leeward, .. behind· .. the .. abundantA. palmata:,~lare 

accumulations ·of ··Acropora. cervicornis. (Plate 9D,: 9E, .·9F) • This delicate. 

coral ·is commonly-·characte]!:istic:.o:fi:·,modern~·:lioreo;;.reef" 'al!'eas ~,(Pla1!e 9C;. Goreau, 

1959; Mesolella,; 1967; ·:·Stoddart,.:.1969) .. but·;.appeall's:.to:,be:--abundant.beh:f.nd. 

the palmata" zone' ·in:. this .;Pleistocene :,reef~ ;. :'Whe1!eas;".A,:,/,cérv:f:cot'l'iis . is .. often. 

a delicate form in.·the-,back':o'reef ·envi.ronmen1=~·of;·many·,mode1'n coral. reefs 

(Kornicker and Boyd, 1962).;. large ,sticks., (up:··to:,O;·94 "me1!ers ;'long) . (Plate .9F) . 

are foundbehind .·.this Pleistocene" reef.· crest •.. ·These :larger; . more sturdy,. 

Pleistocene' "forms. appear·. to. represent :·adaplIati:Ï:on:.1:!o:,v:i:g017ous:.water movement 

in the shallow .·water; :·.reef ' crest: environment~,:, .,'!n-.most:ou1!Cl!'OPs: the delicate 

raised .polyps,· :,so"·.1!yp:i.cal. o:fi' -Acropora' :speai.es;. :.a17e~.st::f.ll. ~,superbly . preserved •.. 

This,' along' with ,ev:f.dence'·of'·in·.situ"'$ubmali'ine".cementa1:!:Ïton-.o:lÏ"-somé ·.cérvicorrtis 

sticks (Chapter 4), indicates that these.aoli'als·grew·in·situ and were not 

transported to their current position.from the fore-reef. Séorm activity 

(Ball and others, 1967; Perkins and Enos, 1968; Stoddart, 1969) appears to 

have resulted for the most part in transport of ~. palmata fronds behind 

the reef crest, yielding interbeds ·of A. palmata in·this cervicornis zone 

(Plate 6D) • 

. Sediment" in ··the cervicornis ·zone· is essentially' the'sarne as in the 

palmata zone, with the addition of' minor' amounts ··of' echino:i:d""and peneropolid 

foraminiferal' debris to the coarse ··fraction~ . -Some parts-of' the' sediment. are 

mottled and, in these areas, the mottles are composedof pelsparite. 
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Massive colonies of'Morttastrea annularis (Plate BD) reach heights of 

9.5 meters (30 feet) or more·andwidths·of·7.7 meters (25 feet) in the 

barrier .... reef" facies'. "These' colonies, '.: al though-,scattered' throughout the 

facies, are most common eitherbordering·. depositional-:channels which trend 

at right angles. through:the barrier--reef facies," or in-the zone between the 

barrier-reef and.back-reef.facies: (Plate BE, 9B). 

Back-reef facies.--Immediately behind' the "barrier-reef',facies lies. a 

massive calcisiltite.".calcarenite.with:·scattered:.coral knobs.- The lower.part 

of this facies grades .laterally westward':into ··a"well--bedded,-'terrigenous sand. 

The terrigenous sand and coral-knob· .. zonesare ,overlain-·by'·a"lithology made 

up almost entirely of Pori tes sticks (Fig. 14). 

(a) Coral-knob zone - The part··of' the coral-knob-zone'adjacent to .. the 

barider-reef facies consists of scattered' (30:per'·cent):·coral knobs in,a 

mottled sand (Plate Il,' ID) ... Large, :;tall 'colon:f:es"iof.-;MOrttiaetrea . anntilaris 

grow from underlying" Acropora. palmata :mounds -·and-may-be'·up" to 3 meters " (10 

feet) high. Scattered among these colonies areround'Diplciria heads (Plate 

lIA) • In the upper part· of the zone,corals are ··smaller ··and· M. annularis 

assumes an encrusting "hat.,.like'.' form" (Plate llC). . This "hat-.like" growth 

form of M. annularis is characteristic'of the'back-reef environment in 

many modern coral reefs (Plate llD). The presence of"a'similar coral growth 

form in both Rolocene and Pleistocene back-reef facies emphasizes the use-

fulness of various coral growth forms as indicators of specific reef environ-

ments. 

Particularly common in the middle-and upper parts of the unit are 

Porites astreoides, Porites porites, Siderastrea, Eusmilia (Plate llF) and 

Isophyllia. 

Sediment between corals'in the back-reef facies is mottled and changes 

in composition vertically. Brown, terrige~ous sand at the bottom of the 

unit grades upward intowhite·calcilutite. 'In the lower half'of the unit, 
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sediment mottling: is very' striking with whi t'e blebs' and ·tubes· of cal­

cilutite set in a matrix"of' poorly 'lithified brown sand·.·· 'This texture, 

similar to modern "bioturbites" (Imbrie and Buchanan'; '1965), is likely 

due to the action. of burrowing animaIs •. These:·.animals· (probably the 

shrimp Calianassa; Shinn, 1968a), appear to have created a network of 

open tubes in the brown, terrigenous sandbelow·the sea floor. When the 

animaIs later deserted these galler:f:es~ ·the ·fin~, carbonate sediments then· 

being deposited .. on the lagoon ·floor·filtered:.down·dnto··the··holes andfilled 

them. This resulted . in" the ·present.,...day:texture",of:·brown: sand-,with .. irregular 

brown blebs and tubes: (Plates l2D,.12E;~12F) •.. At"the·top of the unit, the .. 

lack of contrast.betwe~n burrow-fill.and.surrounding·calcilutite makes these 

~ottles difficult to discerne 

Coarsest sediment, dominantlyquartz grains (Plate'13C) with up to 20 

per cent micritized,.carbonate particles:(Plate l3D),'occurs at.the.base of .. 

the coral-knob zone. This sandgrades.up:into:a·micrite·with·silt:·to .. fine.sand 

sized skeletal· debris. (Plate .. 13F) . of :'miliolid:'foraminifera',' molluscs and. crust­

ose red algae, but little or no.quartz •.. Sediment.in'the·upper part of. the 

zone, and in the white mottles, is"pelleted (0.02 to·0.04 'mm) micrite.with. 

minor skeletal debris. Many coral. knobs are surrounded byanarrow zone of 

medium grained calcarenite reflecting local' production of abundant skeletal 

material. 

(b) Terrigenous sand zone -.Overlying the conglomerates.of.the.basal 

unit, in the western,'or.landward"part:.of the' back"'reef. facies, . are brown, 

t:errigenous sands. (Plate. SD). . These sands. were derived ': from nearby, . poorly 

lithified, Lower Eocene,.Scotland,beds •.. Terrigenous sedimentation does.not. 

appear to have.affected coralgrowth as scattered heads'of·M.annularis and. 

Diploria are,underlain and enclosed'by the sand. These'sands'contain pro­

gressively more carbonate towards"the'barrier-reef'facies-and away from the 
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Scotland beds. In the lower part of the zone» sands'are weIl laminated. 

Near the top ,of the zone» laminae are disrupted by calcite- cemented tubules 

(Plate l2A, l2B). 

(c) Porites-Thalassia zone - During the major 'part of'reef history» a 

Porites biotope developed -landward ,of the coral-knob-'zone. The species of 

forites is difficult to identify» , but the .. relatively,long, slender" nature of 

the sticks suggests"it'isPorites'porites'var~ furcata.- Profusion of these 

sticks (Plate l4A)indicates rapid, and massive 'growth; Interspersedwith ,the _ 

Porites sticks are small accumulations .. orpatches. of :.accessory: corals (Plate .' 

l4D) such as Eusmilia, Agaricia agaricites» SideraStrea» and Manicina,aerolata. 

Especially prominent are the relatively large number of molluscs, particularly 

the gastropods Strombus (Plate l4E) and Bulla, and the bivalves Chione cancellata 

and Codakia orbicularis. Towards the upper part of the zone» these skeletons 

are segregated into beds and lenses up to 0.45 meters (1-1/2 feet).thick. 

The matrix between these pelecypod'shells and Pori tes sticks grades 

from a muddy calcarenite at the base (Plate l5A» l5B) to a well-washed 

calcarenite at the top (Plate l5C, l5D). Many (up to 30 per cent) of the 

silt to fine, sand sized fragments are again micritized peloids of unknown 

origine In the cleaner, better sorted» upper portion of the zone» most grains 

are coral and accessory. mollusc .. fragments. 

Porites poritesvar. furcata is one of the most'common'corals in the 

back-reef environment of modern'coral reefs. Thisform is found in water 

up to 20 meters (62 feet) deep, (Goreau, and Wells» '1967)>> but grows best in 

depths of less,than 3 meters (10 feet) ,(Voss and Voss, 1955; Kornicker and 

Boyd, 1962). The growthofthis coral isparticularly prolific where the 

sea grass, Thalassia testudinum is abundant (Plate l4C; Margalef, 1962; 

Rigby and Nclnti're, 1966; Turmel and Swanson, 1970). 
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In modern ~ reefs; "TbéllàSSia -beds - are" distr:i:buted ::eithez::;in a. patchwork 

pattern. a1ternating:with"open- sand:: (Kornicker-and<Boyd; ·.··1962) "or in linear.· 

trends para11e1 to the reef' tract •... ·.As-:this-,grass7does 'not contain. any. .. 

ske1eta1 hard_parts, it: 1eaves, no:.trace:in the··.fossi1- record-and 'its. presence 

is on1y indicated' by:.tbe:. general1y.·. fine :.sediment-· (.Ginsburg-:and Lowenstam. 

1958; Humm·. 1964;'. Land.:.1970b)· and.associated'·fauna;.-;.-:,Besides·;·:PoriteS ·parites .. 

var. furcata •... this environment".is-:a1so' inhabited::..by:.several:'speci·es ~of .gastro ... 

pods and bivalves, the green a1ga Ha1imeda, assorted sponges:and ho10thurians 

(Supko and others. 1970), and the cora1s Dip10ria (Rigby and McInt~re~ 1966). 

Manicina aero1ata and .Siderastrea. (Squires, .1958; . Patriquin, 1971), which .. 

often assumes a "ba11-1ike" growth forme . Of .' these, the mo11uscs contain the 

most charac teristic . hard _ parts,. _ and:~ tbe ~ mos t :d:l.agnos tio '~of ':. tbese are _ the 

biva1ves-' Codakia. orbicu1aris::and·.:Cbione ,cance11ata .(O'Gyper and Wacasey, . 

1967; Moore and . others, 1968;. _Taylor. and . Lewis, 1970). . The gastropods. 

Strombus and ~.are, .if.not diagnostic, .very common forms. 

To summarize, .' the. simi1ar .. association .. of " the' above .P1eistocene . mo11uscs . 

and cora1s, .a10ng:witb.their-_position .re1ative~to .surrounding sediments. 

and facies, -.suggests .that the depos:l.t .represents·:a-:Porites"'Tha1assia community 

growing in very sha110w ··water ~ 

Fringing-reef facies.--At. the top, 1andward (western) .edge of .the 

complex are discontinuous cora1.accumu1ations, genera1ly 1ess than 3 meters 

(10 feet) thick and rarely·morethan 50 meters· (162 ,feet) wide. These coral 

patches are fronted by :scattered :Acropora·.pa1mata· in_ calcarenite. (Plate 

14F) and 10ca1ized on.latera11y.persistent, underlying topographie highs •. The 

Acropora p;almata fronds are not coated with red a1gae, se1dom bored, and 

rarely in growth position. Westward, -directly.behind·:these A. palmata 

accumulations, is .a mott1ed;ca1carenite, characterized":bY"_small Siderastrea 

heads and numerous Strombus she11s. 

l 



.,.""'"""'" ..... ~~.'".T"".'...~:---~_~_ ......... _ ......... _. ____ ••••• ______ . 

51 

These small, coral patches, themselves'broadly divisible into a reef 

(A. palmata) and back~reef: (calcarenite) zone; :appear ·to ··represent a fring.". 

ing-reef facies' adj acent·: and: parallel, to ~ the: axis -.of-. the - relatively high 

St. Lucy Arch~ .. :..The·;.relationship .between. this·:facies':.and· thé 'Parites-,­

Thalassia zone of. the back...,.reef facies .is· not ·~clear·.except· in one section 

(B6 to B12 -.Fig. 35), where.theA •. palmata_grades~eastward into·.calcarenite, 

which in turn gradesi~to .the Porites-Thalassia zone. 

104,000 YEAR OLD REEF COMPLEX, NORTH.WEST COAST 

Stratigraphy 

This reef complex forms the-major part of.the First High Cliff north 

of Holetown (see.Chapter 2 for.detailed discussion) and is deposited, for 

the most part,.on.a surface.that.was.exposedto.subaerial·weathering long 

enough to develop caliche-like calcareous crust profiles (see Chapter 4). 

Facies 

Limestones of the 104,000.year old complex can bedivided into a 

'reef facies and a back-reef facies (Fig. 16). Unlikethe 83,000 year old 

reef complex on the .northeast coast, .no ·.basal.clastics were .observed •. 

The reef facies can .be .subdivi.ded .into·:a·_western, cervicornis .zone .and an 

eastern, reef .crest, or .palmata zone •.. The back..,reef facies can be .sub­

dividèd, from west to east, into--(a) a near-reef zone, (b) a stick-,-coral 

zone, and (c) a nearshore.calcarenite.zone. These zones change northward 

into (d) a Porites~bank zone, and (e) a rhodolite, or red algal nodule, 

zone (Fig. 15). 

Reef Complex 

Reef facies • ...,.~(a).Cervicornis zone - This zone,·consisting.of.numerous. 

Acropora cervicornis sticks in a fine grained matrix, forms the western edge 

.... ' :-::7l 
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'NQRTHWEST COAST 

104.000 yr old reef complex 

H Reet facies 
L Back-reef facies 

Le calcarenite 
Ls stick-coral ZDI'I8 

lp {XJI'iItJ$ banks 
Lr nodules ofred algae-

a Older Pleistocene and 1èrtiary strata 
I::::::@ Younger Pleistocenll limestone 

Figure 15. Surface facies distribution of 104,000 year old 
reef comp1ex, northwest coast, Barbados. A and B are lines of 
section i11ustrated in Figure 16. 
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NORTHWEST COAST 
104,000 yr oId reet complex 

Generalized cross section 

Re CervjcoroJs zone 
Rp Palmata zone 
Le calcarenite 

Ls Stick-coral zone 

Lp fg[jlu, banks 
Lr Nodules of rad dgae 

~ Older Pleistocene 

Figure 16, Generalized cross-sections of 104,000 year old reef complex, northwest coast, 
Barbados. Position of sections illustrated in Figure 15. 
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Figure 17. Inferred deve10pment of facies geometry during various phases of reef growth 
as sea 1eve1 rose and transgressed over older strata a10ng the northeast coast of Barbados, 
about 83,000 years ago. 
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of the reef facies (Fig. r5~. 1'6"). Many~. cèrvicornis sticks (Plate 32D) 

are individually.coated with a thin rind.of red algae. Between sticks, the 

matrix is, for the most.part, a.calcarenite with up to 30 per.cent carbonate 

mud. The bimodal.calcarenitecontains.a coarse mode (1.5 to 0.5.mm) of 

unabraided, articulated,.coralline.alg~e.(Amphiroa; :Plate.10A) and mollusc 

fragments with a fine mode(O.3 to O.2.mm) dominated.by coral fragments_ 

(Plat!! 10B~ •. Calcilutite, .when.present, is usually silt.sized fragments of 

red algae, .. foraminifera, .and corals in a micrite matrix. 

(b) Palmata zone - This reef.crestaccumulation is well.exposed in 

outcrop and directly overlies a.pre..;.existing.cervicornis zone of the under-. 

lying reef. The base of the.palmata.zone,.best.exposed.near.Harrison Point, 

consists of separated' fronds .of:Acropora.palmata,·.encased'in a';cross-:-bedded,. 

t;:errigenous sand. . The size. and ~ packing '. of: coral; fronds: increases . upwards . 

until the top of the. zone .is an . accumulation ~of tightly':packed corals .with .. 

much less matrix. than at the base. . The. increasing'. density"of .corals . up­

wards appears to reflect a relative increase in A. palmata growth as the 

reef developed. 

Terrigenous sand, most. common .at. the base"of. the .palmata'.zone, .is . de­

rived from Scotland.Formation.beds.exposed nearby. Sediment between the 

coral fronds becomes finer and more ca~careous upwards. The limestone 

matrix is characteristically bimodal, composed of whole, 'unabraided skeletons 

of Homotrema,Amphiroa, and molluscs (up to 30 per cent) in a fine sand.to -

mud sized matrix (Plate.7). The finer.mode:is.dominantly'very'fine sand.to. 

silt sized grains of degraded.skeletons.of:the above,:as-well as echinoid_ 

fr~gments and planktonic.foraminifera.in.a.matrix:of'3 to'6:micra.micrite •. 

Occasional calcarenite lenses are.composed of.Homotrema.and blockly coral .. 

fragments with.scattered, round to ovoid (0.14 to 0.6 mm in diameter) 

pellets, composed of micrite and calcisiltite. 
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Back-reef facies.--(a) Near-reef zone - DirectlY'behind the palmata 

zçme of the reef facies is·a narrow deposit of :overturned,. Diploria and 

Montastrea annularis·heads·with. pockets.of:Acropora·palmata, Porites 

astreoides and Porites porites. These corals are'surrounded by a medium 

grained calcarenit~ made up of coral and mollusc fragments and large 

pelecypod valves. 

This coral-rich deposit gradeslandward (east) intoa brown, fine . 

grained calcarenite.that isalternately weIl laminatèdor bioturbated (Plate 

l6A). In this calcarenite are scattered, overturned;. coral.heads along.with. 

large, pelecypod shells. Large fragments of Amphiroa-.andHomotrema reflect 

the proximity of this calcarenite to the reef facies' (Plate l5F) •. Most 

of the grains are detrital quartz, crustose red algae, and' coral (Plate 

ISE, l7A). 

(b) Stick-coral zone -' This zone forms' the" central 'part -of the back-

reef facies and is the most widespread back~reeflithology (Fig. 15) south 

of Speightstown. In places, this zone onlaps westward·over·the near-reef 

zone. 

The stick corals,' Acropora . cervicornis' and ',Porites' porites,. are. 

accompanied by scattered;'small Siderastrea' and ·.Montastrea annulàris in 

the "hat-like" growth form. Coral sticks' are' commonlY'encrusted with other 

corals such as Pori tes astreoides. Strombus and large bivalves·.are intensely 

bored by the sponge, Cliona. The matrix varies in composition from a 

mottled caleilutite with acçessory silt sized skeletal fragments (Plate 

l7B) to a calcarenite similar in composition.to calcarenites just behind the 

reef facies. 

(c) Nearshore calcarenite zone - The landward side-of theback-reef is 

characterized by calcarenites. Finegrained,. nearshore.calcarenite contains 

up to 40 per cent small, whole, planispirally coiled foraminifera of several 

i 
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different species (Plate 17C, 17D). Most of·the remaining grains are crustose 

red a1gae, often in we11~rounded grains, and detrital quartz. These ca1~ 

carenites .grade. eastward itito,.and ·are ·interbedded'·with, ·cross-1aminated, 

medium to coarse,we11 sorted,.we11.rounded ca1carenites' (Plate 16D). 

These cross.".laminated· ca1carenites . are the·.:easternmost"" andtopographi.".. 

ca11y highest, deposits of the comp1ex, and they dip'seaward (west) at about 

10 degrees. They a1so over1ie the weathered surface of an older reef comp1ex 

(Plate 17C). These ca1carenites are ... dominated by crustose red a1gae fragments 

and who1e and broken Amphistegina foraminifera, and are characterized by 

numerous large intraë1asts, genera11y of mud and a1gae'or:mud and Homotrema 

(piate 17~, 17F). The geometry,.stratigraphy,.and composition of these 

ca1carenites are simi1ar;.to .. those of.modern beach ca1carenites •. 
1 

(d) porites..,.bank. zone..,. Northof-Maycock!s.Bay, the back-reef facies 

changes to a. series of Parites. pori tes .·banks (Plate 16E) that grade eastward 

to a rhodo1ite zone. ~. poritesmounds.are.genera11y 0.9 to 1.2 meters 

(3 te 4 feet) high, .up to 4.7meters(15.feet) 10ng,.and have accreted one on. 

top of another to yie1d a deposit.over 3.7meters .(12 feet) .thick. The 

matrix between these cora1s is terrigenous sand. 

(e) Rhodo1ite zone ..,..Over ha1f.of.the rhodolite zone consists of 

a1gal nodules, averaging 10 centimeters in diameter, and thin.crustose.a1gal 

plates in a ca1carenite. Rhodolites .aremainly·Lithothamnionj ·Archeo1itho...,. 

thanmion, minor Litn6p6ré1·1-à, .red algae, the encrusting -.foraminifer ·Homo...,. 

trema, and Gypsina surrounding a .nuc1eus of coral, mo11usc or other red._ 

algae (Plate 10E, lOF) _. The irregu1ar a1ga1 .p1ates ·.were bored and the .ho1es 

subsequently fil1ed .with mud •. The --ca1carenite .matrix 'ismainlY'sma11er, a1ga1 

.nodu1es and ca1carenite,_whose.a1lochems.are redalgae, .occassional Ha1imeda, 

Amphistesina,.and.Gypsina plana with accessory mol1usc fragments, quartz, 

Homotrema and p1anktonic foraminifera. 
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DISCUSSION 

Reef Growth 

83,000 year old t:eer.complex.--Extensive erosion along the northeast 

coast has cut deeply into this reef complex and underly.ing·. strata. The 

variation in facies geometry and sediment composition illustrates the 

establishment and .. development of· this reef complex· during· one· maj or trans-. 

&ression of the. sea,about 83,000. years ago~· On·the.basis of facies . 

variation, three phases of sedimentation canbe·discerned ........ (l) deposition. 

of sands and ... conglomerates. and ·,·widespread-::growth .. of ·.',Aaropora. palmata and.· 

) Montastrea annularis; .,(2) .development.of·.a .. reef.in.which'reef and.back..,.. 

reef facies are discernable;· and (3) growth ·of··a narrow,· fringing-reef 

(Fig. 1:7) • 

The· complex thickens. eastward and ,.is wedge-shaped ··in ~cross-section, 

(Fig. 14), suggesting that, .as .sea level .. rose, .it transgressed onto .an. 

eastward-sloping.surface. Erosion during this:transgression appears 

to have removed the Plio-Pleistocene:limestone and~created local topo­

graphic relief of 2.5 meters or more in the soft marls·of the Oceanic 

Formation. The thin, basal blanket of.sands·and·local'conglomerates de­

rived from Tertiary and older Pleistocene·_sediments'.represents deposition. 

during initial encroachment".of the .sea .. onto this·.:sloping surface. 

A relatively.thin (l.to 6 meters), laterally,continuous"deposit of 

Acropora palmata and ·accessory :Montastrea. annularis overlies ··the conglomerates. 

and calcarenites in the eastern part of .the area (Fig. 32) •. The upper sur­

face.of the coral-rich lithology is irregular, with corals heaped.into. 

mounds 2.0 to 2.2 meters high. This distribution:of !:...palmata, over a 

relatively wide area at the·base of.the.83,000,year·.old:reef complex, is.in. 

contrast to the .position of !:... palmata as a narrow zone in the reef facies 



59 

of most Pleistocene·· reefs' on Barbados' (Mesole11a, .. 1967.) •. A~ ·pallliata, 

characteristic of the modern reef crest zone (Goreao,.··1959; Stoddart, 1969), 

rarely grows in water deeper- than 9 ·meters ~ and~is -.most~prolific in depths 

of 5 meters or less. The .widespread,.:Pleistocene, ·.83,OOO.·,year old deposit 

may represent A •. palmata·growth in shallow watex.:doring· .. theinitialstages 

of marine transgression over the sloping land' surface. As·.sea level rose 

and the shoreline moved westward, the zoneuof ... prolific· A~' palmata growth, 

limited to shallow water, also moved.westward, .creating a·relatively thin, 

laterally continuous, slightlydiachxonous.deposit.· 

The barrier-reef' facies of the·,next phase·.appears· to have.been .. 

10calized at the eastern, or seaward, .. edge·:of:.the ·.A. ··:pallliata deposit de­

scribed above. 

The' reef facies is a thick (upto 10 met ers) .~wal1··:of A~ ··palmata, built 

up during a slowly rising sealevel. This is in no sense a narrow reef 

facies of sorne ancient reefs (Stanton; 1967).andalsomany··of the leeward 

Barbados Pleistocenereefs (Mesolella, :.1968) , bot is· a· massive accumulation 

of one dominant coral species. 

While the massive, A. .. palmata _ reef, wi th ~i ts ·:.accesso~:!Aèrcipcira : ceni ..... 

cornis· and M. annularis, .developed without interruption.:on·.the A~ palmata. 

and M. annularis rubble, or pavement, of the basal unit, the upper surface 

of the pavement, at the base of the coral-knob zone, is coated with crust­

ose red algae, indicating a period of.non~deposition. 

The initial.back-reef facies,. scattexed.-heads:-of -M-:-: artIitilaris and 

Diploria in calcarenite, appears to represent an· open.lagoon •. · This coral­

knob zone grades landward into a nearshore, terrigenous sand zone with 

few corals. The supply of sand from the ScotlandFormation was cut off 

soon after establishment of the coral-knob-terrigenoos sand zonation. 

The terrigenous sand zone was replaced by a calcaren±te:xich in Pori tes 
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porites which appears to represent. a very shallow'water;Porites-Thalassia 

connnunity. A.. very shallow water environment. is .·also.reflected by the shape 

of the encrusting, "hat-shaped"·M. annularis.in.·thatpart 'of the coral­

knob zone adjacent·to the Porites-Thalassia zone •. The.relatively thick, 

4.6 meters (15 feet), nature·of.:the·:Porites.,..Thalassia zone suggests de­

position kept pace.with a slowly.rising.sea·level. The transgression of 

the shallow water;' ·Porites-Thalassia. zone, eastward over the adjacent 

coral-knobzone and finally over.part of' the barrier,...reef facies (Fig. TT), 

may reflect a stillstand at·.·the. highest point of sea levelr:Lse during the 

83,000 years B.P ... transgression. 

Porites sticks were subjected to more wave action during this last 

phase of deposition and sorted intobeds alternating with lenses of shells. 

Pori tes sticks and accompanying larger, skeletal remains .. were.also washed 

into surge channels running acrossthe A. palmata~ barrier-reef, and in 

these channels were coated with_red.algae.to·form rhodolites. 

Duringthislast phase of· reef 'growth, a 'series' of"uarrow, A. palinata, 

fringing-reefs, with a narrow back~reef, grew more or less parallel to the 

trend of the reef complex, but some 0.8 kilometers (1/2 mile) behind the 

barrier-reef (Fig. 14). Growth of this second, much smaller, A. palmata 

reef may be related to minor fluctuations of sea level during the final 

stages of the high stand. Thisreef may represent.a short rise of sea level, 

and deepening of water, which·enabled.A •. palmata to grow' and form a series 

of small reefs west of the main, drowned,.barrier-reef facies. The dis­

covery of two.separate palmata zones in.the 83,OOOyear oldreef complex 

points up the danger of assigning -a •. separate interglacial high stand to 

every occurrence of A. palma ta. 
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104,000 .year.:old reef . complexe --Most. exposures of this reef complex 

are either shallow, road outcrops, .mainly exhibitingback-reef sediments, 
or sections down the face of the First High Cliff, exposingsediments of 

the reef facies. There' is not, enough .;.vertical .. exposure ; to" permi t division 

of the complex.into.separatephasesof growth. The shallow, back-reef 

outcrops do,..however, .indicate.a .. marked lateral.variability •. Crustosered 
algae and rhodolite sediments, in .the northern part of the complex, grade 

south into calcarenites (Fig. l5) •.. The.centre .. of the.back-reef further 

south is rich in delicate stick-corals.and fine grained calcisiltites and 
calcilutites.. The change from. rhodolites.,to calcarenites' occurs opposite. the. 
area where the .Second .High Cliff ',swings abruptly.eastwa1l'd. ~ ·The. back.,.reef . 

sediments.in·the lee·of.the.Second.High.Cliff.may·have~been'protected.from 
the Atlantic·.waves ".that. come "from· .. the .east.·.·· .. Fine.;to· medium'. calcarenites 

and' deli ca te . s ti ck .corals . developed .' in .'. this .. quieter, ·leeward. environmen t • 

Sediments on the open, .. North Point Shelf were .. subject· to' muchIl).ore turbulent 
conditions, .especially condusive to .. the. growth of crustose red algae. A 

similar zone .. of . turbulent sedimentation. has been described from the .lee 

of a modern windward. reef by Rigby and Mclnt1:re (1966, p. 29). Red algal 

nodules formed on .the shallow(3 meters or.less) flats behind the reef 

are kept in constant motion by the strong waves that'continuously sweep 
across the reef flat. Similar conditions.can.reasonably be.inferred to. 

have exis ted' on . the. NorthPoin t .' Shelf ~ab out· •. 104 ~OOO . years ago • 

. During ;the .final, stages '_of', reef ~growth:,: :t:he '.sha11ow:; -:lagoonal facies . 
transgressed ,.seaward .as .. in_the.younger ,83,000 ·.yea1l'·:.old·.complex •... The 

Acropora cervicornis, lagoonal,. stick"""coral .. zone migrated .westward over 

the adjacent .·back.,.reef calcarenites~. The .palmata :zone also ,transgressed 

westward slightly over the adjacent·~ ':seawa1l'd'; cervicornis zone. 
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Sediments 

One hundred .. twenty thin. sections .were examined .to .determine the 

composition of sediments ~.from .. the .various·.facies .and ~:zones. Sandstones. 

(sediments containing -over. .50. per .. cent .i terrigenous .. grains) .. are .exc1uded 

from the fo11owing .. discussion •.. Sediments.contain.a11the:major ske1etaL 

a110chems recognized .. in .~modern reefs,. except . the: green·.a1ga· Ba1imeda which 

is rare (Mes01e11a.and .. others, .1970). 

Reef sediment.--Sediment between.1arge cor~s of·the reef facies is 

dominated by. fine materia1, .main1yca1ci1utite .. and .ca1cisi1tite, with 

occasiona1 pockets .and.1enses.of ca1carenite, .as noted~by other investi-

gators of reef deposits. (especia11y .. Newe11, .1955). 

A1though fine grained, the sediment .is.characterized by up to 30 per 

cent wh01e' or .initia11y .. fractured .. ske1etons .of .. the. articu1ated. cora11ine . 

a1ga Amphiroa, .. the .encrusting .. foraminifer-.·Homotrema _rubrum, .. and '_misce11aneous 

1arge, pe1ecypod .fragments •. Both.Amphiroa·. and ·B. rubrum. are common or-

ganisms that_1ive.on and between.1arge .. cora1s in.a.reef, and'so'are produced 

in situ. This .. strong1y .. bimoda1. sediment,. .·.with _i ts· .characteristic coarse 

mode·, is easi1y .distinguishab1e.from .1agoona1 muds. '~. 

The grinding together of_fronds_undersurf action·.causes·the de1icate, 

raised p01yps of .Acropora .. species . to be. broken .off and pro duces grains about. 

0.25 mm in diameter (F01k.and Rob1es, 1964). Ca1carenites associated 

with the reef .facies ref1ect this breakdown as .they are a1most exc1usive1y 

cora1 grit with .anaverage grain size _of_O~.25..mm. 

Sediment·,between'··Ac1:opoTa. cervicorn:i.s·,s ticks .: fs :.essentia11y the same 

but contains .sandier interbeds_and the coarse mode'is 'dominated by Amphiroa 

with 1itt1e Bomotrema. 

The articu1ated cora11ine .a1ga.Amphiroa and the.foraminifer Bomotrema 

secrete ske1etons of Mg-ca1cite,'while cora1s and many m011uscs precipitate 
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an aragonite skeleton •.. In the·.subaerial,. .. diagenetic ;environment, .Mg-,calcite. 
skeletons generallyalter to calcite.relatively. .. rapidly, while aragonite 
skeletons equilibrate .more slowly.,. "often .losing. many. .of·.their original. 
skeletal structures. (see.Chapter 4 ..... Introduction) .•...• Fine .:grained,. cal-
careous sedimentsalso appear to equilibrate relatively rapidly in the sub~ 
aerial, diagenetic environment (Matthews, 1968). Consequently, the.chances. 
are good that .the skeletal structure of Amphiroa and Homotremawill be pre-
served during.inversion to calcite.in.the subaerial, diagenetic environme~t, 
and survive to be .. useful .. indicators "of the reef .facies. 

Back-reef sediment.~-In the l04,OOO.year old.reefcomplex, the cal...,. 
carenites reflect .proximity to .. the _reef, .. orto the .shoreline. Grain .size 
is coarse, both .directly behind .the . reef,. .and "in_beach 'sands ; ,and :pragressively. 
finer towards the.centre of the .back .... reef ... _Calcareni tes .. on the' reef side of 
the lagoon are dominated .by reef.,.derived .components~. & 

Coral i* ubiquitous, 
but Homo t rema and Amphiroa decrease in abundance.towards the shore so that 
the fine calcarenites at the centre of the back-reef are mainly mollusc, 
crustose red' .algae, and coral .. fragments. Reef-derived material is not re-. 
presented in.calcarenitesnear the .shore.These calcarenites are composed 
of small, coiled foraminiferaand.crustose .red .algae. Beach calcarenites 
contain characteristically. -well...,-rounded,. .abraided·:grains .of crustose red 
algae, Amphistegina,.and .numerous·.intraclasts. 

Whereas the. type of calcarenite.grains .is easily identified in the 
well-laminated,. back-,-reef sediments af.the .. l04,OOO .year .old.reef complex, 
mottled sediments in the back-reefenvironment of the 83,000 year old reef 
complex were.unrecognizable, due to micritization. Most are fine to medium 
grain sized peloids . (McKee and Gutschick, .1969) and thesemay be formed 
either by fecal agglutination or micritization of ske1eta1 debris (Swin-
chatt, 1965; Kendall and Skipwith, 1969; Windland, 1969). The remnant 
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reticulate structure. of crustose red .. algae in .many:.peloid grains suggests 

that they are degraded .. skeletal .. matel:ial,. .. rathel: _than _fecal .pellets. 

Mixed ·.terrigenous·.sand.,;.carbonate. sediment.;-,-The .relatively large 

amount of terrigenous sand.present as sediment .is one of the most interest~ 

ing featuresof late Pleistocene reefs of northernBarbados. Mixed car-

bonate-terrigenous .facies are relatively uncommon in recent reefcomplexes. 

./ 

On the Great .. Barl:ier . Reef, al though . the .dispersal .of· terrigenous components. 

is dependent on.several.factor,s, "the amount .of .. insoluble sedimentbetween 

reefs is mainly .dependent .upon .. proximity: .to .. source . (Maxwell and Swinchatt,. 

1970). Thisis true for .northern.Barbados, .as.well, .. where this· sediment 

reflects the. proximity .of these .reef .. complexes. to a.source of .sand, .the 

Scotland FOl:'lIlation. beds outcropping. on. the' .St. Lucy Arch. Theamount of 

sand is relativelylow in the upper parts .of the.83~000 year old reef com-

plex, but in .the .104~000 .. year old reef complex, sand contribution is sig-

nificant throughout. 

The contribution of terrigenous .material~to these .complexes is sub-

stantial, being .at.least equal to,.ifnot .greater than, .both"coral and in 

si tu carbonate production in. the .lower . part of. the complex. . As a resul t. 

the facies distributionmight have been .quite .different·, had this sand 

not been available for resedimentation. The reef complex'would certainly 

not have been as laterally extensive. 
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! CHAP':UER .4,... LlMESTONE DIAGENESIS 

INTRODUCTION 

In.recent years, modern .environments .. of.carbonate· deposition have 

been given increased.attention,. .. in .a· .. search .for·.greater··insight .into the. 

conditions under .. which .. ancientlimestones.were .formed..Along with these 

investigations, an understanding .has .developed.of.the· great importance 

of the numerous and .. varied .changes that .carbonate .sediments undergo 

soon after deposition •.. The fabrics and . textures .generated ·during ear1y . 

diagenesis often remain unaltered over most of geologic time. The most 

important of these ear1y. changes .. is. the.·,equi1ibration .of· . carbonate minerals 

formed in· sea.,water.with .other· .f1uids·:~at·,; .. or· .near,. ·;the·',earth 's surface. 
qv"y..,.i..,. ,,-.vf f1 J -{...J •• f'-

Carbonate minerals _precipitated .. in .. contact w:l.th ·.sea··water·:genera11y equili-...., . 

brate by changing .to .ca1cite •. 

Carbonate deposits forming todayon thesea floor, composed of 

organically and.inorganical1y derived constituents, are produced bymany 

different organisms. and .processes,in one ·of three mineral phases--calcite:, 

Mg-calcite (containing .over 4 mole per cent.MgC0
3

)., ·or aragonite. Each 

constituent, .. due .to .its .own unique.·.structure ~and .mineralogy,reaches 

equi1ibrium with new surrounding .conditions ~in .a slight1y different manner •. 

These inherentdifferences result, in part, in the varied states of fossil 

preservation, .replacement .textures, .and .porosity .modification, observed in 

ancient 1imestones. In .aneffort. to .. discern .withmore precision the ways 

in which diagenesis takes place, re1ative1y young (Pleistocene) 1imes.tones, 

made up of the same .constituents .as modern carbonatedeposits, are being 

studied in greater detail. 

To place these changes in meaningful·.perspective, Purdy (1968) has 

introduced the concept of "diagenetic environments". He establishes three 
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different areasin which these ,al~erationsoccur--(l) subsea, soonafter 

deposition, (2) subaerial, uponexposure ,to"fresh ,water,'and'(3) subsurface, 

or after deep burial. By documenting thediagenetic alterations presently 

taking place in each of theseenvironments, ·some of .the resultant textures, 

diagnostic of a specifie environment, .may,be distinguishedin,ancient .rocks. 

Sediments in modern, carbonate .environments may' .undergo mineralogic 

(Schroeder, .1969; .W:i.ndland, .. 1969) and .textural . (Purdy', 1968) changes on 

the sea floor .prior to burial,or be .covered .w:i:thout .alteration~,·'··:Once buried,. 

these sediments .either remain .as·.loose 'uncemented :particles ,or become 

quickly lith:i.,fied· :i.nto .true .1imestone·· (Taft ·.and··,others;·1968;···Shinn, .1969; 

Taylor and Illing, ,1969). Although .observed ,in',modern' deposits, some of 

these changeshave·.only recently .been .discerned'dn.ancient,limestones (Purser,. 

1969; Schmidt, .1969). Recognition·.of·.submarine'.alterat:f:on·oand".lithification 

in ancient Iimestone sequences has .resulted.in.a.re ..... evaluation of the 

geologic history of some carbonate successions~(Ro~e, 1970). The uplifted 

Pleistocene ,reef .1imestones ,on ,northern .. Barbados .display·.texturesthat 

are similar' .to those .described .from' .synsedimentary'; ',cemented' ,carbonate ,in 

modern, coral .reefs~, ,Synsedimentary,. .subma:t'ine ".li th:Lfication' appears ,to be 

important in determining, the' ,subsequent".diagenetic '.history' of ',suchsediments. 

To date, most ,investigations'.of .limestone .diagenesis'have been con-

centrated on' .those . changes .that,take place .when',marine '.deposits· are subjected 

to subaeria1" ,fresh water' f1uids~ ,on the ,assumption ·that· it, ishere that 

many of the changes occur andthat .most .of' .the- subsequently preserved 

textures are ,created~ 'The majoritY'.of·.these',studies'.havebeen .conducted 

on rocks altered .in ,the'.upper ~'~v:adose'~'~po'];tion·.of,~the-;subaer:Lal, diagenetic 

environment, .. but'investigations .have.recently.begun .in .the' lessaccessible, 

"phreatic" portion of this ,environment (Land,. .1970a) .' The most notable. 

studies on vadose subaerial diagenesis, (Friedman; 1964; Land', '1967; Matthews, 
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1968, 1969) have concentrated oncalcarenites, as this grain size contains 

the greatest variety of consti tuents .and .is most easily·· studied. From 

these and other studies (Purdy, 1968; pape.rsin Bricker, 1971) a general 

scheme of alteration ·has .emerged •.. 

About two-thirds of the calcium .carbonate·precipitated in.the ocean .is 
,·r 

aragonite. .The rest is Mg-.calcite; calcite .is rare. 'The .first twominera1s 
. . ~ . 

are unstable with respect to most .sub.erial fluidsandequilibrate to the 

relatively stable form, calcite.. Observations indicate that the fuicro-

structure of most .Mg-calcite,skeletàl .grains is little affected by this 

change, suggesting that .the ionic .exchange·.is .in .the-.form··of .exsolution 

(Land, ·1967). The alterationof .aragonite, .on-~the :other ·hand, as it in.., 

vO'lves a structural change from orthorhombi.c·.to·.hexa~onal··systems, May 

lead to destruction of the original, skeletal texture77andpreservation of 

only the external form (Bathurst, .1966; Windland~ .1968). 

The most stable mineraI .phases with respect .tosea·water are aragonite 

and Mg-calcite (averaging approximately.· .10 .mole per .cent· MgC0
3

; .Windland,. 

1909). The .solubility .of Mg..,calcite increases with .increasingMgC03 content 

so that a Mg-calcite with.7 moleper cent MgC03 .has.the.same .solubility as 

aragonite. Mg-calcites .containing··approximately. .16.mole· per' cent .MgC0
3 

are 

about twice .as .soluble .asaragonite and four times'as soluble as calcite with 

respect to fresh water (Chave and·.others, 1962) •.. Under·,ideal conditions, 

Mg-calcite constituents with 7··mole ·per ·cent .MgG03 ·or ·.greater·will, there­

fore, equilibrate .morerapidly than .those .of aragonite~.This is confirmed. 

from studies .of late .Pleistocene.limestones .in.thevadose, diagenetic en­

vironment. -Whi~e .aragonite is .still in the processofalteration, most 

Mg-calcite grains have .completed .equilibration to calcite.·Thus the mineraI 

phase, and hencethe particles'made up of the mineraIs, .react at varying 



_._-----_.---_._-.. _ ... _- .... , .-... --_.,--_. -----:y 

68 

rates when in contact with fresh,water, yielding ,contrasting'end .products. 

While most.studies ,have been,carried.out'on.calcarenites, the ,other 

two main components, mud and ,large ,skeletal ,constituents ;,-,have not re-' 

ceived as much attention. Finecalcareous .sediment;,·:possibly. .because .of 

its inherent .minera1ogy. .and· fine .grain'.size . ,whi ch..,..,. (1) .is 'more reactive 

and (2) provides.a greater ,number .of nucleation' sights ··per unit area than 

calcarenites, .appears to equilibrate.morerapidly ,than the coarser sedi-

ment (Chave andothers, ,1962; .Matthews,. .1968) .• 

Large,skeletal ,constituents, .mainlymol1uscs . (calcite' and aragonite). 

and corals (aragonite),. are extremely important .not ',only.as major con-

tributors to the reef .but ,also ,as ::.indicators . of '.ancient' environments 

and chrono:Logy. Theprocesses of.alteration thatlead to'the'preservation 

of the mollusc skeleton have been ,documented, in .a".generalway, by 

Bathurst (1964). The myriad of coral ,textures.was ',long',ago ,superbly out-

lined by Cullis (1904). Since then,..,there .has :been",little ,attempt 

(except Land, 1967) to ascertain how the .structural-:alteration' of aragonite 

to calcite takes p.lace in corals while, at the ·same ·,time, ,preservingthe 

delicate microstructure more or less intact.· '~Consequently; some of .the 

corals within the late .Pleistocene .1imestones ',under~study",were'investigated . 

in an attempt'.to .ascertain the .ways .in ,which"these .changes take place. 

Hopefully, someof the,fabrics ,seen in the preserved skeletons of more 

ancient forms could, as a result of. this .study,. beillucidated"'.more clearly.., 

As our .knowledge .of these .early.diagenetic·,changes··increases, it 

appears thatin·.each diageneticenvironment a ,separate .series of alterations 

takes place. We do not yet have the background:of.petrographic information 

needed to identify these·different.environmentswith.precision from textures 

alone. Any.other'.information, therefore, ·that· will' give us clues as to the 

early diagenetic history of the rock, is invaluable. 
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On the presently exposed surface of many uplifted, Pleistocene lime-

stones, a series of hard, calcareous crusts ··-;Ls deveioped, below which 

is a ':sécondary zone of alteration. Althoughthese crusts have been reported 

from many areas ,(Multer and Hoffmeister, 1968)"their petrographic 

characteristics,are unknown. In orderto,establish.useful criteria for 

recognition ,of. these '.diagenetic .Cl:usts,. ',and: to ".differentiate ,them from 

other simi1ar ,features, subael:ial .. crusts ,from' Barbados".were investigated, 

and compared ,to,simi1ar ,crusts ,from:other areas., . 'These crusts were then 

comparedto ,fossi1 .examp1es',to see ,how .these~features ',a1teredduring 

diagenesis, and'what textures wouldbe preserved in'the'fossi1 record. 

MINERALOGY'.OF. ,.PLEISTOCENE LIMESTONES', IN ~ THE VADOSE ZONE 

The degree .towhich any P1eistocene.carbonate.has,equi1ibrated with 

surrounding .vadose ,f1uids .. is .ref1ected.by,the.amount of'change in ,its 

original minera10gy. On"Barbados f .in',the.subaeria1'·diagenetic environ..., 

ment, the degree .of equi1ibration'.appears ,dependent '.upon 'two factors-... 

(1) age of the1imestone, .and ,(2)climate'.(Matthews;.",1968) .•. ,wtli1emost 

carbonate on ,the ,is1and ,has::a1tered"to.calcite;~.port:ions"0:fi"the younger, 

P1eistocene'.reef ,complexes ,often, contain .appreciab1e·.amonnts'of aragonite 

and sometimes Mg-.ca1cite., Young,. P1eistocene'.limestones in areas of 

re1ative1y high ,rainfa11 have a'.greater'.proportion",of',calc:Lte than lime-

stones of the same .age ,in re1atively.dryareas. 

Northern"Barbados 'contains1imestones of all ages' and is an area 

of relatively low rainfall (145 centimeters/yearor"less) and high 

evaporation., The 'only',limestones',that~stil1 ·contain ,any 'unstable ,carbonate 

minera1s are associated'with the.1ate ,P.leistocene"(104;OOOyears B.P. 

and younger) .reef complexes; minera1s.in al1 others have complete1y 

equi1ibrated :to calcite ,(Appendix .C).. ' ,Constituent .partic1es in cal-

carenites and calcilutites from the 104,OOOyear old reef comp1ex are 
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mainly calcite with only scattered grains .ofcoral·retaining their ara­

gonite mineralogy. The :mineralogy of .. large, :coral colonies .in the reef 

complex· is lessconsistent.·.· ,Although ',numerous ·:.corals -.are·· still aragonite. 

and many have.·.completely-,altered .. to '.calcite;: '.the·~majority .are in a . 

transitional' stage, .partly' aragonite and .partly.calcite.The number of 

calcite corals increasessouthward.towards areas .ofhigherrainfall 

(over 150 centimeters/year) andrelatively low:evaporation •. 

Sediments .deposited '.about .83,.000 .years ·.ago,. '.along' the northeast 

coast, have partially.equilibrated ,with.subaerial .flu:ids~ ,'Most ,Mg-,calcite . 

have altered to ,calcite. .Aragonite .constituents .have··either remained 

unchanged, completely dissolved, '.or'.are'.in.the·.initial stages of 

alteration tocalcite., The majority ,of .the'.coral.s"in·this complex .are . 

still aragonite.but .many..illustrate the' initial stages ,of solution and 

calcite precipitation. 

In the 60,000 ·year old,fringing-reef terrace,along"the northwest 

. coast, aIl the corals .are still aragonite, and . sediments; ,for the most. 

part, are made up of their original sedimentary mineralogy. 

SUBMARINE.LITHIFlCA~ION, 

Most' of the sediment matrix .between ,corals '.in-:the·.83,OOO year old 

reef complex.is either unlithified.or.poorlycemented~· .. In.the,reef 

facies, however, sediment .hetween':Ac1:opo1:a ,cervicornis sticks, .and be­

neathAcropora palmata,fronds, .is ,occasfionally. .verywell lithified. 

The mode of.occurrence, and petrographie texture, of thiswell lithified 

sediment (dis~ussed below) is similar.to syn-sedimentary, lithified, 

modern reef .carbonate, ,suggestingthat.the ,Pleistocene'sediment was 

prelithified in the'submarine·environment. 

~ 

..J 
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Cervicornis Zone 

The long,. slender coral sticks in the cervicornis zone are offen 

superbly preserved, still retaining their delicate surface polyps. 

In some areas, numerous sticks are surrounded by a uniform'brown or grey, 

very fine grained,.· well lithified·.matrix in .the·.formof a".crust, up to 

3.5 centimeters thick, witha.lumpy.exterior· (Plate.18B)~ These well 

lithified crusts contrastsharply.with.surrounding.crumbly, mottled 

calcilutite or poorly lithified·,calcarenite •. 

Most of·.the crustsoccur ·near .the base' of " the section~and contain 

up to 1/3 silt ,sized·,quartz.grains,. .which.gives .them"a "grey .colour. 

Crusts found near the top of·the·section, ·with ·less thanlO per cent 

accessory, siltsized, .. qua1>tzgrains»- .a1>e.buff....,bro'Wn".i.n ·colour.. Al-

though X-ray .diffractionindicates ;that'.the .majority-of ·these crusts . 

are calcite, some".of .the;cbuff~b1>own .crusts· are .Mg-calcite. 

Mg-calcite crusts~--In cut section,. the crusts'are composedof 

highly irregular .laminae· (2 ,to3 ,centimeters'.thick). ~ (Plate-:18D) which .are . 

the expression ·of alternatingareas ·.of densely-packed -.and "widely spaced 

pellets. Individual pellets range .in .size··from ·9·to:·60·micra· (Plate 19C), 

are ovoid to round in shape, and are composed of' micrite':less .than 1.5 

micra in size. Areas;;of close andwidely spaced .pellets are separated 

by sharp boundaries. Bach pellet is surrounded .by . a'· fringe of spar from 

2 to 6 micra thick, whichcements the rock tightly.The crystals in this 

fringe are very irregular, butdentate,. .. Mg-calcite scalenohedra"can occasion-

ally be discerned growing normal to the.pellet wall (Plate 19D). This 

cement is easily discernable.in·thewider.spaced pellets, but in the 

areas of merged pelletsit'is hal<d;to ,differentiate-fromthe pellets. 

On the electron microprobe,. .both pellets and . cement ',contain 11 to 16 

mole per cent MgC03 • Because cements precipitated'inthe vadose zone 
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are generally calcite and the surrounding sediment is ··unlithified. 

these crusts. therefore.· probably·.were cemented' prior to uplift into 

the subaerial environment. 

Modern analogues •. --Submarine lithification ·.is currentlypbeing recorded 

from the reef faciesof'several modern .reefs·(Macintyre andothers,1968; 

Land and Goreau, 1970; Ginsburg "and others, 1967, 1971b) •. 'Ofparticular 

interest is ·the .massivecementation·,of··thecervi.comis·,zone:in vigorously 

growing reefs·off·the .north·coast ·of Jamaica (Land and Goreau, 1970). 

Investigations .by .the·author ind:Lcate.that·the form of submarine cementation 

in northern .Jamaica·.is strikingly similar- to' that· in' the Pleistocene of 

Barbados. 

Acroporacervicornis sticks'(Plate l8A)., .coated·bylithified, Mg­

calcite-rich, pelleted micrite .... are common in the .Jamaican reefs. The 

pellets are platy·Mg-calcite (Plate'19A; ·.19B) ,similartoPthe surrounding 

scalenohedral Mg-calcite cement, which contains about .18-.moleper .cent 

MgC0
3 

(Land and .Goreau, ·1970) •. This ·laminated"to·.massi.ve pelsparite 

displays a smooth to .knobbly. outer surface. 

Petrographie comparison between a section.cut .from.the sample 

(Plate l8A) figured ·in Land and Goreau· (1970,.Fig~ S, p. 460), and the 

buff-brown,Mg-calcite, ·Pleistocene samples.from .Barbados,. indicates 

similar size, composition, .and arrangement .of.pellets •. as weIL as similar 

cement characteristics (Plate 19A, 19B~ .19C, 19D). It appears, then, .that 

these Mg-calcite, "P:I:e:f:stocene crusts. surround:Lng:A •. cervicornis in the 

83.000 year old.reef complex. are the manifestation' of "submarine lithifi­

cation. 

Calcite crusts.--The more COmmon calcite crusts.display the same 

laminated texture,. and are also pelspar:Ltes: (Plate .19E). Upon initial 

examination, the calcite crusts appear petrographicallyidentical to the 

T 
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Mg-calcite crusts. The crystal size of the pe11ets-is, however, slight1y 

1arger, up to 5 micra in·size •. Cement·between·pe11ets·is·approxi.mate1y the 

same size, averaging 3 to' 8 micra •... Over1ap in crystal' size between pellets 

and cement makes it difficu1t to pick out the'boundary between the tWo. 

Cement crysta1s are again' justone: layer thick, but more equant than the 

Mg~ca1cite forms. The centre of most sma11 voids is o'ccupied by re1ative1y 

large (up to 60 ,micra),ca1cite crysta1s. 

The simi1a);'i ty ·between -:the ·.position-, - form, and', texture .of .Ho1ocene . 

and Pleistocene Mg~calcite, "pelsparite .crusts~·.and ... thePleistocene calcite 

crusts described .above,. suggests that the calcite .crusts.mayhave been 

1ithified by Mg-calcite in the submarine environment~ -Subsequent up1ift 

and exposure "to 's'ubaer!l:al', _vadôae fluids has a1tered most of .the original 

Mg-calcite to calcite •. Equilibration .is, however, not .comp1ete in this 

re1atively young.(83,000 ,yea);' old) );'eef comp1ex, .and·so.some crusts still 

. retain their original, Mg-calcite mineralogy. 

Pa1mata zone 

Acropora pa1mata ·fronds in the 83,.000 yea);' 'oldreef comp1ex, at 

Jordan's Cowpena1ong Ba);'bados~ ·no);'thenl. coast" .a1though·surrounded .by. 

poor1y li thified··. calcareni te, are .direct1y· underlainbyawe11-cemented, 

ca1cilutite layer.(P1ate.l8E, l8F) which; :depending.upon the size of 

the coral, may.be upto 2 centimeters.thick~ .. This grey, calcite, pel-

" sparite layer, withaknobblyexterior, 'is petrog:z;aphicallyidentical. 
-'""' 

to the ca1citepe1sparite .surrounding::Acropora .cervicornis sticks (Plate 

19F) in other pa);'ts·.of .the);'eef. Like' the calcitecrusts .associated 

with A.; cervicornis,' the .crusts".below .A •. palmata·:may·:have·been lithified. 

in the submarine environment byMg-calcite prior to being uplifted into 

the subaeria1, vadose zone, and altered to calcite. The possibility of 

..... -_ ........ .::::::'1. 
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submarine lithificationis enhanced.by.the :fact .that-:borings of the 

date mussel.Li thophaga '.and ' eonicid ·'.worms~penetrate ·.both .. the pelspari te 

and the coral.· .. These ,cavities are,now·.partiallycfilled~·:with carbonate 

sediment similar ,to poorly'lithified.sediment',surrounding the corals, 

suggesting· that ,the' ,pelleted·',crosts ':were·,lithified::early;. ·: .. certainly prior 

to sedimentation between fronds. 

Discussion 

The accretion ,of this reef faciesalong 'the :northeast'.coast was due 

not only to coral growth and minor .binding.by' algae·,and ·,foraminifera, . 

but a1so, significantly; to' syn-sedimentary" cementation.;.".' Soch fabrics ,are, . 

neither seen in .the .104·,000"year·.old· ;complex,:':no1:'-'previooslY':reported from 

the Pleistocene· .of Barbados. 

The origin ,of the pe1leted micrite crusts on Jamaica',is ·,not indicated 

by Land and Goreau (1970), although isot~pic data confirms:.that the cement 

is precipitated.from sea water. In the water-filled.cavities of the 

Jamaican reefs studied to date" ,the 1ithified'c1:Usts-.commonly coat the 

bottoms and sides of the holes,and .accrete··,upwards. ';",The Cl:'usts on 

Barbados, however, ,have ,no,preferred .orientation; .and-,those associated 

with Acropora palmata coat the undersides,of the.fronds. 

Occurrence ·ofcrusts 'simi1ar ,to'.those .from.Jama:f..ca,.:~:i.n::.both ·Acropora 

cervicornis and,Acropora.palmata zones.in·the.Pleistocene'of Barbados, 

illustrates that this .form.o:Lsubmarine',lithification:.is-,not restricted 

to the'A. cervicornis and 10werreef zones off'northernJamaica, but is 

widespread both in space and time. 

When Mg-calcite grains alter to calcite, in the subaerial, vadose, 

diagenetic environment, the change is probably one of magnesium exsolution 

with no discernable void stage (Land, 1967). Consequently, when a Mg-
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calcite, submarine, lithified carbonate altersto calcite' in the vadose 
zone, it should remain tightly··cemented~ ·.Well 'cemented •. ··:calc:i:te, pelsparite 
crusts in the'· 83 ,.000 ·year .old ,reef.complex,. ~.orig:lnal1y·;cemented .in . the.sub-

marine' environment,. have-.sin.ce·:altered ,to·:calcite;. '.without appreciable 

texturaI change, thus .confirming;th:ls. hypothesis. 

The Mg-calcite nature of the crustsassures that the fine textures 

of the rock,like the fine textures of.many Mg-calcite fossils, will be 

preserved uponinversion to calcite. The ·major ·textural'.change occurring 
during equilibration is ·the .increase ,in··crystal size·.of the' calcite within, 
the mi cri te pellets ,··often . rende ring . discrimination' between pellet and 

cement difficult. 

INTERTIDAL AND SUPRATIDAL CARBONATE PRECIPITATION 

Introduct!l!on 

Diagenesis of Barbados Pleistocene calcarenites, now in the vadose 

zone, has been the subject of several investigations (Matthews,1967, 

1968, 1969; Harris and Matthews, 1968;.Windland~ ':1969);;" 'Most:,studies have,. 
to date, centred ·on material collected,f-rom':road':cutsô'quarries, and 

occasionally drill holes, in areas .flushed .only ·.byfresh ·water. These 

sediments are 'cemented exclusively bycalcite. There'has been little 

detailed examination of rocks lyingin the"vadose . zone, and yet bathed. 

in sea water ·instead of fresh·water. Onnorthe:tn.Barbados, MOSt of the 

Pleistocene .outcrop ,that faces ·.the .open ·sea ·.is'.either· sprayed or washed 

with salt water almost.continuously •. 

Pleistocene limestones, now ·in .the .. intertidal·;and·.lower, supratidal 
zones along.the.nolithwest.coast, .are.pa:r;t:Lally.cemented"by Mg-.calcite. 

The surface of Pleistocene limestones.along.the.topof.the cliffs on the 

northeast coast is occasionally .coated with a·thin '.crus tof aragonite 
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cement. ~oth of these cements appear to .be·precipitating from sea 

water, either splashed or sprayed cnte the rock. 

Northwest coast 

The narrow, 60,000year old, fringing-reef terrace, O.te q·;5,.·meters 

above sea level, along the northwest coast, lies on a bench eroded into 

older Pleistocene limestones (see Chapter 2). Along most of the terrace, 

the 'reef facies has been eroded so that the present, seaward edge .is .a 

60,000 year old camcarenite with.scattered coralheads, .overlying an.older~ 

Acropora cervicornis-rich calcarenite. The upper meter of the .younger 

calcarenite exhibits extensive, calcareous, caliche-like crust development . 

which is also being eroded (Fig. r8'). Along most of its lengt~, the 

terrace is either bathed in salt spray or, in some cases, washed by waves 

during high tide (Plate 20A). 

X-ray diffraction analysis of sediments making up the seaward, 

eroding edge of the exposure indicates Mg-calcite, aragonite, and cal-

cite in variable amounts. 

Petrography.--Thin sections were cut from the .rocks in this zone 

to more specifically de termine the spatial arrangement of these mineraIs. 

Sections were stained with Clay ton yellow.(specificfor·magnesium), which 

imparts a red colour to any Mg-calcite present on·the slide (Windland, 

1969). On the basis of colouration, the distribution of Mg-calcite, 

calcite, and aragonite in a thin section could then be determined with 

relative precision. 

(a) The upper 1.5 meters of the Acropora cervicornis-rich limestone 

underlying the 60,000 year old reef terrace.is relatively well~lithifed, 

very fine tomediumgrained 'calcareniteô .in -"which':A~ 'cerV'icornis sticks 

} have been dissolved and theholes often fi lIed with"younger'geopetal sedi-
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SECTION 

'--

NP.! 7/ 

LEGEND 

~ 60.000 yr oIcI tfP ... tenace 

N4, Meœured aection 

Ikm 

...... _ .. - ........ _-_._.- -.. __ .. - .---.::=:). 

Figure 18. 60,000 years B.P. reef terrace along the northwest 
coast, Barbados. Intertidal calcarenites in the lapei zone are 
lithified by Mg-calcite cement. 
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ment. AlI the allochems (mainly.crustose and·articulated red algae, 
Homotrema, miliolid foraminifera, and ·.minol>echinoid·: fragments) . have altered. 

to calcite. There are accessory voids that resemblecoral and mollusc 
fragments. 

These grains are cemented by.a thin.rindofcalcite cement which 

varies in thickness from15 to .60 .micra, but ·.avel>ages .30micl>a . (Plate 

20e). The cement .is relatively .. isopachous~but .in·'some ·cases· fi Ils entire 
voids. The larger voidsare filled with fine sediment which postdates 

the calcite.cement ÇPlate 20B). As this fine sediment stains pink,muchof, 
it may be Mg~calcite. Succeeding the rind.of calcite cement is a brown, 

fine, crystalline cement, averaging 50 micra thick (Plate 200), which 

stains bright red, indicating Mg-calcite (Fig. 19). Often the tips of 

the calcite scalenohedra in the first stage cement also stain bright red. 

(b) Grains in the overlying, 60~000 year old calcarenite are coarser 
(0.5 to 2.0 mm) in size, very.well rounded, and·well sorted. Thesand.:f.s. 
mostly (15 to 30 per cent ·each) articulate red'.algae (Amphiroal penero­

polid foraminifera, coral, molluscs,. .and.intraclasts·with accessory (5 

to 30 per cent) .Homotrema. Crustose.red.algae .. :echinoids;'Amphistegina 

foraminifera, detrital quartz, and reworkedcalcareouscrusts are ·found 

in minor amountsw The grains are of .variedmineralogy, and the coral 

and mollusc fragments, although still aragonite, are often bored. 

Samples from this unit, taken from.just below the .calcareous crusts 

to just above the underlying, older, A. cervicornis sand, illustrate a 

complex series of diagenetic fabrics. Although .grains just below the 

calcareous crusts are often calcite,coated ;with ·.a:rim of' calcite cement 
up to 100 micra thick, most of.the.grains retain.their original mineralogy, 
Mg-calcite and aragonite. Occasionally, calcite cement· in the upper parts 
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Figure 19. Sketch of cement fabrics in the intertidal-supratidal zone at Norse's Bay, Stroud Bay and C1uff's Bay, Barbados. See Figures 10 and 18 for loca~ities. 

~;:.." 

'" \0 

'!' 

i 

4 
1 
.! 

i 
! 

j 
j 

1 

1 
i 

l 
i 

! 
i 

1 
1 
i 
i 

1 

~ 



; .• , ···.~'.:_.:.4'.,- •. .-.',,' ........ _-.~.--~.--r ..... ~ .. -.,.-_ ....... ...,._,......_~_ .. _______ .. __ . ___________ ... ___ . __ . __ . __ .. ____ . ___ .. __ .. __ ... ________ ... ____ .. _._. _____ ..... ____ . __ .. ___ . __ ~ ,-_~-

80 

of the unit coats Mg-calcite.grains;.however •. thefinal.cement .stage 

throughout most of the deposit is Mg .... calcite. precipitated either as 

fine, crystalline .cement following calcite, or directly upon.Mg-calcite 

and aragonite grains, or as epitaxial continuations of' ·pre-existing 

calcite scalenohedra (Plate 20E, 20F; F.ig. 19'). At the base of the 

deposit, Mg-calcite mud is present between grains, .and mud .and grains 

are subsequently cemented by a thin,Mg-calcite, ·cement rind. 

The sequence of cements in thisunit.is .often complexe Some coral. 

fragments, for .examp1e, a~e .discernab1e .. on1y·:by ·their· external shape •.. 'These' 

coral grains.have their original .pores ·filled.with calc~te, and.solution· 

of the skeletonwas .followed.by Mg-calcite precipitation in the .resultant; 

void. The resulting texture is a Mg-calcite, coral fragment surrounded 

by calcite cement. 

In the subaerialcrusts zone above,voids are often lined with a 

late stage, Mg-calcite.cement. 

Discussion •. --The last· stage of ·cementation, Mg-calcite, occurs 

throughout those lithologies directly exposedto sea water, including 

subaerial caliche cruats. ·As these.porous rocks .are today in continuaI 

contact with ·sea water,it .is.likel.y.that .. this .cement;.·like .submarine,. 

Mg-calcite cement, .is precipitated.from sea.water. The .position of these 

rocks, in the .. intertidal.and supratidal.zone, ;is·.analagous to the location· 

of many beachrock occurrences .throughout ·.the:world, (Stoddart .and Cann,. 

1965). In beachrock, grains are.often.cemented.togetherby Mg-calcite 

(Emery and Cox, 1956; Kaye, 1959; Russell, .1962; Alexandersson,. 1969; 

Gavish and Friedman, 1969; Taylor and Illing, .1969). Grains in beach-

rock, however, are for themost.partRecentor Holocene~.Analagous, 

intertidal,Mg-calcite cementation.of already partially.lithified, porous 

rocks, as described above, has not been reported to date. 
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,When corre1ated with the knowngeo10gical,history of this area since 

the Sangamon, . these textures ref1ect .P1eistocene:-sea _lev:el variations -(see -

Chapter 2). The .basa1, -Acropot;acervicornis-rich .calcarenites were 

deposited when 'sea1eve1 stood 'rela~ivelyhigh,-sometime during the 

Sangamon interg1acial, possibly-as .much_as_125;000.yeat;s-ago. Subsequent 

10wer sea levels, .duringg1acia1 periods-prior-to-60,000.years.ago~-ex-

posed, these .sediments .to .subaeldal -diagenesis •.. Undet;-.conditions -of, 

freshwater.pet;colation, unstable.sedimentali'y.mi.nerals equilibrated to 

calcite, and . the sediments -were 'pat;tially cemented .with·:calcite. These .. 

sediments were.buried by a ·thin.cover·of.reef-associated·calcarenites, 

deposited dut;ing a,relatively high.stand.of.sea.1evel about 60,000 years 

. ago. After.deposition, sea 1evel dt;opped, and ·during the following 

Wisconsin glacial pet;iod,theseyounger sediments were exposed to sub-

aeria1 diagenesis, underconditionssimilarto those on northern Barbados . 

today. This.time, exposure resulted only in calcite cementation and 

partial alteration of grains in the .upper few feet of the younger cal-

carenite, and.did not affect the rest of the unit. Both of the above 

units are now being eroded and lie in the intertidal zone, where a last 

stage, Mg-calcite cement is being precipitated.in .the ·vores. 

Although.thisdiagenetic environmentappears to-be-a narrow, re-

stricted one,. .when .vieweddn· .the .pet;spective .of ·.geologic,-time, it may be 

more important. A1though transgressing seas are.often accompanied by 

beach sedimentation, this is.not always the case. As such a sea slowly 

,--- --
transgressed.over bedrock,precipitation of Mg-calcitemay take place-

1 

as a 1ast stage,vadose, .diagenetic event before complete submersion. 

Since Mg-calcite is unstable when in.contact with fluids other than sea 

water, the cement wi1l.alter when this rock.is placed in another diagenetic 

environment. It may dissolve or, 1ike Mg-calcite a1lochems in the vadose 
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zone, quickly alter to calcite, resulting in a limestone whose upper 

surface is verywell lithified. In·a limestonesequence, "such beds would 

be difficult to distinguish from those lithified- in" the submarine environ-

ment. 

Northeast coast 

On the surface of 12 to 25 meterhigh sea cliffs alongthe northeast 

coast, surface outcrops and·boulders are veneered.with patches of a thin, 

pearly white to grey, smooth coating.(Plate 21B). Where boulders or out-

crop stand above the.generally flat.surface .. ·this.coating occurs only 

on the windward side of the rock; the leeward,protectedside remains 

dark brown or black. Coatings, varying inthickness from a few micra to 

1.5 mm, are found on fossil coral, well-cemented limestone, and subaerial,c' 

calcareous crusts. These coatings occur up to 0.4 kilometers (1/4 mile) 

inland. 

Petrography.--In thinsection, the white crusts appear as a series 

of parallel laminae,averaging 0.04mmthick (Plate 21C). Each laminae 

is composed of aragonite needles growing.upward, .perpendicular to the 

rock surface (Plate.21D)r Laminae may separate stages ·ofneed1e growth, 

or be merely fine inclusions through which need1es continue to grow. 

Individua1 stages of aragonite ,crystal growth vary from 0.03 te> 0.16 

mm in thickness. Each stage of crystal growth is initiated by nucleation 

on a new surface, from which a series of radiating bundles ofneedles grow. 

Mutual interference duringgrowth, between.allneedles·except those 

growing normal to "the nucleating . surface, . resu1ts"in' preferentia1 growt!h 

upward. 

Discussion. --Large swe1ls from. the ',open . ocean, breaking against 

these c1iffs, throw large amounts'of spray intothe air' (Plate 2IA). 
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Easterly trades.carry this spray across the North Point Shelf. When the 

spray is blown onto.the.surface,it.evaporates,·and.aragonite appears to 

be precipitated •.. 

The similarity of these' aragonite,. cement.crusts·.to:.bothbeachrock 

and submarine, aragonite cements. (Ginsburg and others, .. 197lb) is. striking. 

This cement,. along. northeastern·Barbados, ... has· obviously been. precipitated 

from evaporating .. sea .. water in.the.subaerial environment •.. Aragonite 

cementation .of .. beachrock, .. due. to· .. periodic· .wetting .. of .. the. rock·.by. seawater, 

followed by ·dryingand: evaporation, has·.long.been:.postulated,.. butnever 

proven (Stoddart .. and .. Cann, .. 1965). .... ·The ·stable .. carbonate . phase . expectedly 

precipitated .. from. seawater.is .. aragonite (Windland,. 19.69). ... This .appears .to 

be the first .. recorded .. occurrence .of aragonite, precipitated by seawater 

evaporation in the subaerialenvironment. 

SURFICIAL CALCAREOUS CRUSTS 

. Introduction 

Irregular,. .. dark .. brown .. bands of dense, micritic limestone.arefound 

sporadically. distributed .along . the .. contact between. different. reef. complexes, 

in the Pleistocene. sequence. on .. northern .Barbados. .These· structures are 

restricted to .. the .upper. meter or. so .of the buried .. complex. ". Surface out­

crops in the. same .. area .. are .. often coated. with .. a· .similar, . dark brown crust, 

or series of .. crusts,. .. while. adj acent rock .is. altered . ta _a .. white, .. chalky 

limestone. These.surficial.crusts .are.strikingly similar.to .those.buried 

in the Pleistocene .sequence,..and apparently akin to.others .. forming.today 

on the surface .. of . Pleistocene .limestones .in Florida' (Multer .andHoffmeister, 

1968). Such .. similarities.suggest.that these fossil crusts record subaerial 

exposure of .limestone, .. under conditions .similar .to.the relatively dry, 

seim-arid climate of northern Barbados today. If we were able to recognize 
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with certainty .similar .. horizons in .ancient carbonates, they would then be 

an invaluable .aid .in .. determining .whether or not a limestonesuccession has 

been exposed to .subaerial.diagenesisunder asemi-arid, .. tropical.climate. 

Surfi.cial. zones .of calcareous "accumulation . (caliche) , ... associated some-

how with the~soil~forming.process~ .are .common in manyarid.to .semi~arid .. 

areas in lower .latitudes •.. A1though .their. field occurrence. has .been .. described . 

in detail from numerous"areas~ .. along .with .their chemistry.and.theories as 

to their formation, ... few, i1: :any:, attempts have been made .. to .. document .. their .. 

petrographic .. characteristicsand, .. inturn, relatethese to .the.mode .of . 

formation. .This _is _most. impot;tant .because~ .if ·.they are to be.used .. as.criteria 

for subaerial .. exposure .. of .. sedimentary.successions:.in· .. the .. fossil. record,. then 

their petrographic .. and .. stratigraphic .characteristics·:.must .. be .known ...... 

Surficial. c;alcat;eous .. crusts .from .. three·~areas:.on :.northern .. Bat;bados-.,:" 

the central.pat;t .of .. the .Not;th.Point.Shelf, thenortheastcoast,the north-

west coast fringing....,reef .. terrace .... .,..were "examined .in .detail •.. "To as certain . 

·that· ·th'é· "microscopic .fabrics .observed.;were common.with: other_areas, .similar. 

phenomena from .. the .. Florida .Keys.and the ."Nari .limecrusts'~ .of the Middle 

East were also .. studied •.. Mineralogy .of the .. crusts was .determined .by .. X."ray . 

diffraction, .. and .. elemental .. composition.was.ascertained.semi....,quantitativ:ely 

by electron .microprobe .... Petrography was done on .thin .sections impregnated 

with epoxy resin. 

Description 

Most limestone .. outcrops.on .northern .Barbados~ .~ether exposed.or .be-

low a thin sail _cover, ... at;e .coated .with one, .or .several,· hard, .brown, .cal-

careous crusts ..... Limestone .. under .. these .crusts .is .altered .to .. chalky. carbonate. 

Together the .calcareous.crustsand underlying'carbonate .make up a semi-

continuous "calcareous crust"profile". This profile rises and falls with 

the present topography, and is variable in thickness and dev~lopment. The 
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areal distribution of various calcareous crust profiles on northern 

Barbados is illustratedin Fig. 20. 

The thickest. and most extensive development'.is. at .the. surface of the 

poorly lithified, . 83,000 .. year, old, reef-associated ;carbonates, along the 

nor'theast coast (Plate ID, . 22A). The surface of the calcareous. crust pro-

file is a hard,. partially brecciated, .brown crust (Plate 22B)! ... Below this 

surficial crust, ,numerous .other crusts, separated ,bychalky carbonat'e, ·are 

developed (Plate .. 22C) ..... Although roughly horizontal, ... these .. secondary crusts 

pinch and swell,. are .. undulating .. in cross-section, .and .often .. merge.with one 

another (Plate. 22D). •... Crusts. at .. or .near .the.su:rface.are .. relatively, .. hard, , 

but those below.becomemore. friable .. and .softer.with depth •.. Each.crust .is 

relatively uniform, .ranging from 0.5 to 5 •. 0 cm ·.in .thickness,and .eitheraph-

anat)!c.:i."oJ:!" laminated ... in .cross-::-section. :'.The·.number .of _crusts, .and.the . 

depth to which. they .. occur, . increases towards. the .coast ~.: ~ The :,crusts, well-

lithified compared .to_the .. underlying sediment,. tend .to .weather in relief 

(Plate 22A, 22C) ... 

Sediment between and below these crusts is crumbly,. chalky. carbonate 

(Plate 23D). This .carbonate may extend to ,a deptho~·3meters or more, and 

contains severalnarrow, poorly developed, .. brown, .calcareous bands. Corals 

and large molluscs:.such as ·Stromhus. appear more resistant :.to .alteration, 

and often remain ,unaltered, ,except for ·brecciation, .. in a .groundmass of 

chalky carbonate •.. Laminaeof numerous small nodulesor.coated grains occur 

between crusts in.the.upper .. part of the profile'(Plate 23A). 

In parts.of.the.reef.complex, the original.limestone .is,very well-

lithified caleilutite., ... In' these areas, the carbonate ,betweencrusts is 

not crumbly, .but brecciated,and the ,cracks .between .fragments.are ,filled with 

dark brown, .calcareousmaterial: (Plate 23B). .The· ,profile .in .these are as is 

relatively thin, rarely exceeding one meter. 
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SURFICIAL CALCAREOUS CRUST PROFILES 

General Distribution 
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F.igure 20. General distribution of surficial calcareous crust 
profiles on northern Barbados. 
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A zone of,calcareous crusts is also.developed_on,the,surface of the 

60,000 year old.,reef terrace,.O .. to 4.5meters ,above-sea.level, .,along the 

northwest,coast.(Plate 22E). Here,calcareous crusts,and,altered limestone 

occupy theupper .. 0.5 .. to,.1 meter of the unit. Unlike-the.thick, development 

along the northeast _ coast, .where'.chalky carbonate .gradesdownward into 

unaltered calcarenite, ... the ,base.of ,the surficial.profile -is:bounded ,by a, 

single, thin .,crust"averaging 0.5 to 1.0 centimeter in thickness -(Plate 23C). 

Calcarenites~below .. this .crust ,.arelittle altered" .. except ,for,occasional-

sc:;>lution, and .. still..retaintheir, original, . uns table ,mineralogy.,. The .. rest. , .. ; ... 

of the, profile .above. this .. basal .crust ,il:! . a, series -of.calcareous. crusts . in . 

a brown, carbonate .. matrix •.. While ,the crusts exhibit ,the .same geometry as 

those along ,the .. northeast ,coast, the carbonate ,matrix ,between crusts is 

different. .At .the.base ,of .the, profile, ,the matl:ix "consists .of .. allochems, 

similar to those.in.the"calcarenite below,the bottom.crust, .. but each'allo-

chem is coated.with .brown ... carbonate. Between these -coated grains .is a brown, 

calcilutite matrix .' C,Qated ,allochems become less".important .. upwards, .and the 

matrix between ,crusts,. .at -the top ,of the profile, is ,a brown' calcilutite, 

either unlithified~or.ve1:y.well.cemented. 

In theback-=reef _facies .. at .. Goul4ing',s .Green, .next .to .. the.base -of the 

cliff, calcareous_crusts .are.also dev.eloped throughout.the.4.,5.meter thick 

calcarenite,.and.all .. the.allochems, -still Mg-calcite ,and .aragonite,are 

coated with brown,. .. microcrystalline carbonate -(Plate, 28A) • 

In the ,centl:al..part .of .the .North ,Point.Shelf (Fig •. 22) .. a .relatively 

thin profile_of_.alteration,.is ,developed, at _the surface '"of the well..,.lithified, 

older Pleistocene .carbonates . (Plate 22F) •... The .uppel: surface is".a .. thin,. hard, 

brown crust ,averaging:.2 .. to .20 .centimeters .thick._; .Below .this .crust, .the lime­

stone is altered to a chalky carbonate.'_· The'_relict ·.sediment ",texture often 
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remains visible~ however, as large allochems.and.corals appear more re-

sistant to alteration~ .The .. depth·.of·.a1te17ation·.below·;the .surface rarely 

exceeds 0.5 meters. 

Other Calcareous .Crust Profiles. 

Surficial~ .. calcal:eous_crust profiles,.· similar .to: those .. on.northern 

Barbados, are. common .in many .. arid to semi-arid.areas .in .lower latitudes. 

In North· America, the most extensive of these deposits are found in the 

southwestern U. S.A •.. desert area, where they.· are ca1led -'~caliche . deposits" ~ 

Aristarain (1970, p •. 201) .has defined cali che deposit as 

a bodyresu1ting from the epigenetic accumulation of calcium 
carbonate (calcite) in il"nconsolidated·.sediments '.under conditions 
derived fromsoil processes in climates .where.moistureis de­
ficient during all seasons. 

Indurated portions of .ca1iche deposits· are called '~calcrete" (Lamplugh, 

1907), .while the friable. parts are referred to as "caliche" in 'fexas 

(Blank and Tynes, 1965) or "chalk" .(Nelson, 1959~ elsewhere. A special 

variety of carbonate, that forms by surface or near-surface alteration of 

permel:lôle carbonate rocks, _ distinguished by a fine network. of .veins which . 

surrounds unreplaced reninants of. the original rock, is .termed "Nari" 

(Sanders and Friedman,.1967). 

Following soi1 horizon terminology,.the ca1iche profile forms:"i.n 

the Cca horizon.which, bec~se of its uniqueness, has beendesignated as 

the K-horizon.(Gileand .. others,1966). A1though this is a useful term 

for soil scientists~ .. in .its original..definition it .is .rather restrictive 

and, therefore,.fo1lowing Reeves (1970), the more genera1 term "caliche 

deposit", as defined above, will be used. 

Reeves (1970) .considers that the cali che deposits.of thesouthwestern 

U.S.A. evo1ve with.time .. from a.simple,. thin,. incompetent, soi1 horizon to 

a hard, massive 1imestone. "Young" caliche is genera11ya crumbly, white 
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carbonate enclosing masses of parent material. "Mature" caliche consists 

of an upper crust.and.accessory horizontalstringers of.carbonate,.surrounded 

by a profusion.of.small.nodules .and.relatively well-cemented carbonate. 

"Old" caliche. consists. of.:a .completely. indurated horizon. . Such.·a.·sequence 

of "young",. .'.!mature",. .. and . .'.'old'!.· cali che ·can only·.deve·lop: if .·the. profile 

remains covered.by.soil;once exposed the profile is rapidly.lithified. 

Caliche.profiles.developed.on northern Barbados'appear somewhat 

similar to the. "young'.'. to "mature" caliche stages described. ab ove • Un-

like the profiles.describedby Reeves (1970), however, those on Barbados 

are exposed, and.yet.are.not indurated. 

Caliche~like.crusts,developed on Pleistocene limestones,.have.been 

described along.the shoreline.and upper, supratidal zone.in the Bahamas 

(Newell and.Rigby, 1957;.Kornicker, 1958; Supko and others, 1970),. 

Puerto Rico (Kaye, 1959), .·and Florida (Multerand.Hoffmeister7f1968). 

On the basis .. of .. texture.and .. thickness,Multer and Hoffmeister (1968).re-

cognized three.generalforms.of crusts and,.in order of decreasing 

volumetric abundance,.. theie. are: . 

(l)Porous laminatedcrust--poor, vague laminations made up 
of 5 to 20 per. cent horizontal. root tubes, .. organic debris,. bioclastic 
and lithoclastic.fragments. This appearsto have formed under.a thick, 
aggrading forest cover with the porous nature .due to solution of or­
ganic debris and·oôlitic·rock upon'whichit .is developed. 

(2) Dense laminated crust-~good, sharp laminae, made up of 0 to 
5 per centorganic debris, bioclastic.and lithoclastic fragments with 
rare solution holes. This crust seems to have formed under athin soil 
or on exposed .bedrock. receiving periodic draina.ge from adjacent soil 
patches and its denser nature is the Teflect'ion of mOTe frequent wetting 
and drying •. 

(3) Laminated.microcrystalline rind--sharp laminae.composed of 
ghost pellets in.a dense tan microcrystalline calcite mosaic. This rind 
is generally at.the .base of .any crust in direct contact withthe bedrock 
and fills deepcracks and coral calices. This crustdevelops independëntly 
of soil .and:diurnal variations in pH; microbal activ.ity.and.evaporation 
of ascending.capillary water are thought to be responsible for precipitation 
of this crust in subaerial, sublittoral and upper littoral zones. 
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These crusts appear_to have counterparts on northern Barbados. The 

F10rida "dense.lami.nated_crust" .issimilar to crusts developed on older, well 

lithified, Pleistocene-limestones in the centre of' the North-Point Shelf. 

The Florida '_'laminated_.m:lcrocrystalline .rind" at . the base ofmany crusts, is 

identica1 tO_.the.thin_crust_found .. at the-base of' profiles' a10ng the north-

west coast of Barbados. 

Formation 

The idea1. environment for caliche formation in genera1 is neither too 

arid nor too humide ,Too 1itt1emoisture a110ws only surficial accumulation 

of carbonate,.while.too.much.water and relief causes regiona1 1eaching of 

soi1 solubles .. (Reeves~ ~1970;;Krumbein, .. 1968)..· .. The-rate'and':degree .of pro-

file deve10pmen t _ depell:d .. main1y .' upon -- (1) the' rate' and:~ amonnt-:o f: infi1 t rating " 

water (Reeves,.1970), and (2) the amount of CaC0
3 

in, or being added to,.the 

soi1. As the 10ca1re1ationship between precipitation, temperature, runoff, 

and relief is critica1, ca1iche does not characterize any.particu1ar c1imatic 

zone, provided -there . are a1ternating, ,short.periods·,.of' rainfal1 and intense 

evaporation. -Conditions ·on .northern· Barbados appear·.to·be-.we11 suited for 

ca1iche deve10pment •. 

Meteoro10gy~~On.the.eastern.fringe of the.Anti11esarc, weather is 

dominated by easter1y.trades which .b10w the yearround •. A1though the 

temperature is re1ative1y. constant on Barbados ,(.sT = 3. 9degrees Fahrenheit), 

precipitation is not. During.the wetseason, .Ju1y to December, over 75 per 

cent of the .tota1..precipitation fa11s. Superimposed.upon .thismoisture 

variation is the .precipitation .imba1ance .. due -to·.the-.topography.of the .is1and, 

itse1f. The high.(üp to 340.meters) central axis of theis1and, oriented 

north-south normal to the trades, forces surface air upward as it passes 

over the island,causing most of the moisture to fa11 on the high1ands them-

selves, or a10ng the ~Y'est .coast '(Rousè-;·.19·62) ,"'.,-""",_ " ~,,' 
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MEAN ANNUAL MO~RE 
DEFlENCY 

(cm.) 

A 40-50 

B 30-40 
C 20-30 

D 10- 20 

E 0 -10 

( olier Rouse. 1962 ) 

Figure 21. Map of mean annua1 moisture deficiency (in centimeters) 
for northern Barbados (after' Rouse, 1962). 

SOIL TYPES 

K KANDOID 

K-$ MIXED KANOOID - SMECTOID 
S, SMECT01D 

S2 SMECTOID - IMMATURE 

S.,. SMECTOID - VERY THIN 

R RED SAND IMMATURE 

SC SCOTLAND DISTRICT 

(ofter Vernon and Carroll.I965) 

Figuré 22. Area1 distribution of soi1s on northern Barbados. 
Kandoid, a 1atosol of kaolin and metahalloysite clays; Smectoid, a 
grumusol of montmori1linoid clays (after Vernon and Carroll, 1966). 
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Mean annua1 rainfa11.figures are mis1eading as deviations of up to 

70 per cent from .. mean .. va1ues ,..especia11y in. 10w rainfa11 areas, have 

occurred in .the .. present. century (Rouse, 1962). Rainfa11 on the northern. 

plain varies .from .. 110 .. to .. 145. cant.imeters .·par 'year. .In ,this .area, most of 

the rain fa11s .. as.heavy .. showers, .lasting for 1ess than 1/2 'hour, but these 

showers may .yie1d.up.to .1.2.centimeters of raine These downpours are 

fo110wed by 10ng.periods of.intense.evaporation (Randa11, 1968). 

The mean annua1 moisture deficiency (evapotranspiration-precipitation) 

in the area varies ·from .40.6 .. centimeters to 58.5 centimeters (Fig. 21, after 

Rouse, 1962)., Randa11.(1968),however, considers that this is an under-

estimation,as .. the .. continuous.winds,..which.vary from 13.5' to 7.8 miles per. 

hour, are strc:mgest;··i1'l··t:hedriestmonths, and cause .greater evaporation. 

In any case,. the .. dry,.;semi..,..arid .. nature of .the area is ref1ected in the 

re1ative1y poor .. crops. and .. abundant prick1y-pear cactus near the sea c1iffs. 

Dai1y soi1 temperatures.(Rouse, .1962) vary from 62 degrees.to 89 degrees 

Fahrenheit, andcan·remain·as high as 86 degrees as deep .as .20 centimeters 

(8 inches) in the.soil. 

Source of calcium carbonate--In most are as of extensive ca1iche-

crust formation, there is an exte:r,na1 source of CaC03 •. Desert loess is an 

important (and probab1y dominant) source of carbonate, withamounts of up 

to 3,000 tons/acre having fa11en in certain areas .(Ruhe, .1967). This, how-

ever, does not app1y on Barbados. A1though fa110ut of .windb10wn dust from 

Africa has been recorded (Prospero, 1968), its effect is difficu1t to eva1uate. 

This fa110ut may.add.considerab1e materia1 to the soi1 assuggested from 

the soi1s of Bermuda . (Bricker and Mackenzie, 1970). 

The soi1s themse1ves, regard1ess of origin, are a source.of CaC03 • The 

distribution of soi1 types is ±llüstrated in Fig. 22' (after Vernon and 

Carroll, 1965). The black soi1 on the North Point She1f.is re1ative1y thin 
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and dominated by montmorillonite~type, clay mineraIs. Towards the north-

east coast, as.organic.content.of the soil decreases, .the soil becomes 

grey-brown in colourand.fringing the.coast is only.a.thin, immature 

veneer over.the.limestone, .typical of sterilesoils.exposed tO.strong 

winds and salt spray •.. The exchange .capacity..fox: .cations, .especially Ca 

and Mg in these :soils, .is .high, .and .carbonate.averages·.15-,pex: ,cent .throughout~ 

Another, .. and .perhaps .dominant, soürce .of CaC03 .:Ls .wind-blown,. . salt 

spray. A wind, .freshly.entering.the.northeast coast, .contains as much as 

200 mg NaCl/square foot, while air blowing off the island, .on.the west coast, 

contains only 10 mg NaCl/square foot, indicating that a substantial portion 

ha~.been droppedon.the.North.Point.Shelf.The effect .of this salt spray 

near the coast .is ... twofold"",...,.(l) .high .salinity .in . the. are a prevents growth of 

vegetation, which.in.turn.does.not anchor.the.soil; thus the thin soil is 

blown away, .and.bedrock.exposed.(overgrazing by.sheep and goats in.the last. 

few hundred .years .. may .have .. aidedthis .process); (2) spray adds CaC03 .to the 

surface, there5y increasing the CaC03 ·content of the near~surface waters. 

The increase in .. thickness .and development of caliche towards .the northeast 

coast appears tO.reflect this addition of CaC03 by salt spray! 

Mineralogy and Chemistry 

Throughout this .. study.a.total.of 53 .samples .of calcareous .crusts were 

routinely analysed for carbonate.mineralogy.by X-ray diffraction. In each 

case, these calcareous crusts were.found.tocontain only calcite. 

To determine .. the.elemental.composition of these crusts, five samples 

(two from the.northeast.coast, .one from the northwest coast and two from 

the centre of .the.North.Point Shelf)were selected and analysed for manganese, 

iron, strontium .. and .magnesium .by electron .microprobe. The amount of manganese. 

is very low, .and .does _not .vary .from .sample .to sample. .An average cif 200ppm 

iron is found in the caliche. This is equal to, or less than, .. the iron con-
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Host Umeatone 
• alloclltlm 
• cltlDr spar CtJI1NIIII 

Calcareous crust 
6 nesdle fibres 
X micrils 
+ f/oWtJr spar csmtJnI 
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6 9 12 15 
counts sample / 

/ counts standard x 100 

Figure 23. Mole per cent of MgCO in calcite from surficial 
calcareous crust profiles and adjacent ~ost limestone. Samples 
CSl and C1S are from thin crusts at centre of North ~oint Shelf, 
N4G from sediment between crusts along northwest coast (see Figure 
18), RBCl and WBSKl from.crusts and sediment along northeast coast. 
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tent of surrounding-P.leis~ocene·limestone.allochems and calcite spar, 

indicating that .the .brown,. carbonate col our is not due to .iron. Strontium 

distribution.is-related to.the.original sed~mentary mineralogy, and is 

only high in those all~chems -that have not yet equilibrated to calcite. 

In most samples, MgC0
3 

.. content.ranges from 0.5 to 2~O mole per cent, 

slightly less .than .. adjacent, .Pleistocene, .limestone allochems and spar. 

cement. Along.the.northeast.coast, however, the sample of caliche bathed 

in salt spray contains between 3.5 and 4.5 mole per cent MgC0
3 

(Fig. 29). 

Petrography 

Calcareous.crust-profiles are.formed .in the uppermost part of the-

vadose, diagenetic·.environment, .at .or .nearthe air-rock interface. The 

interstitial.fluids .inthis.zone.are subject to rapid fluctuations in 

composition, .movement, .. and.temperature •. Superimposed.uponthese fluctuations 

are. the physical and .biological .effects .of soil formation.' .. Field examin..,. 

ation of the profiles ·indicates that ·the·above.factorscombine to both 

alter original.limestone ·and .preaipitate new carhonate •... The .precipitated, 

carbonate crystals .. comb:f.ne .to form a series of ·-textures .characteristic 

of crust profiles •. -Alteration .and .precipitation, however, are not mutually 

exclusive,- as .alteration .of .newly .precipitated.carbonate -may .occur several . 

times, creatinga.complex.set .of .overlapping textures. -The following 

textures are not -unique .to .the-calcareous crust profiles on northern 

Barbados, but alsooccur.in-thi~.sectionsof either Florida crusts or 

Middle East limecrusts, or both (Table 3). 

Alteration Fabrics 

Solution and brecciation..,.-(Plate 24A, 24B) The soft, chalky sediment 

under and between the crusts -isa highly fractured, original, carbonate 

sediment. Cracking takes place either as--(l) fracturing_of micrite or cal ci-
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TABLE 3 MI:CROSCOPIC TEXTURES OBSERVED IN' HOLOCENE.AND.PLEISTOCENE 
CALCAREOUS CRUST PROFILES FROMBARBADOS AND OTHER AREAS 

cU 
QI 
1-1 

tIl cU QI tIl 

.g<i-/ bO cJ 0 
~ ~~ ~'t:l 

cU 0 tIl ..-t tIl QI cU 
-e~ cU bOtlI 1-1,0 

0 ~ o· 1-1 1-1 
cU 1-1 cJ ..-t cJ ::1 tlI 
~ cU 1-1 cJ~ 

c:l. ~ <i-/ ~ cJ 

S,...; tIl tIl tIl tIl o S o tlI 0 QI QI cU 
QI cU 't:lQ) 't:l ~j 't:l ,...; ,...; Q) 
,CI-I cU,C tlI ..-t QI ..-t,C 
~~ -et: -e I-I~ 1-1 cU tIl~ 

ALTERATION 
1-1 ~ 1-1 1-1 0 1-1 tIl 1-1 
o Q) cU 0 cU Q) 0 ,...; tIl o 0 
Z cJ ~ ~ ~ ~. ~ rz.. 1-1 rz.. ~ 

Micritization . x x x 

Solution x x x x x 

Brecciation x x x x x 

Neomorphism x x x x 

Boring. x x x x 

PRECIPITATION 

Small tubules x x x x 

Root? tubes x x x 

Cement 
random needle fibres x x x x x 
flower spar x x x x x 
clear spar x x x x 

Tangential needles x x x x x 

Coatings 
fractures x x x x x 
pelletoi'ds x x x x x 
a1]ochems x x x x 
fragmented limestone x x 

Crusts 
laminated micrite and needles x x x x x x 
merged pelle·t.oi"d:s x x x x x 
laminae of calcite spar x x x x 

Micrite 
micrite x x x x x x 
pelletoids x x x 
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siltite, (2) fracturing of microspar, (3) separation of grains from the 

matrix, (4) fracturing of allochems. Extensive fracturing is the result 

of solution.or dessication.or.both. Solution.creates voids in dense 

limestone and, in "do:l.ng .so,. ,,:l.s .also a local source of CaC03 • 

RèCrystallization-~In crust-profiles, the most.common form of re-

crystallization.is .the .change.of.l.5 to 3micra micrite to 6 to 10 micra 

microspar (Plate 24C). •. Folk (1965)." noted that this change is most. common 

when limestones a~e.subjected-to-fresh water,especially when in contact 

with organic .. material. .... The .fresh .wate~, .organic-rich conditions near the. 

ground surface on .northern Barbados create anideal environment for this 

change. 

Mïcritization--Particles and.allochems .incalcareous crusts are 

often coated with microlaminaeof brown micrite. The boundary between 

particle and coating is generally fuzzy and gradational (Plate 24E, 24F). 

The irregular boundary is often.marked bY'small cusps, withpoints towards. 

the coating, suggesting.the-o~iginal grainis being' altered to micrite. In. 

some allochems, _small .pa~tsof.the original .allochem can be observed in the 

coating. This is .pa~ticularly noticeable at. the .contact·.betw~en coating. 

and nucleusincoated .microspar.fragments. At the contact, microspar 

crystals float in.a micrite mat~ix (Plate 24D) •.. In coated, Amphistegina 

grains, crystals .of_the.sepa~ated.test fragments in the coatings can be 

easily identified,.because ... they .are in .opticalcontinuity with the remaining 

part of the test . (Plate .25A, .25B). 

Although micritization.is arelatively common diagenetic process 

in the marine environment (Kendall and Skipwith, 1967; Windland, 1969), 

the persistfnt association of calcareous crust profiles and wholly or 

partially micritized particles suggests that micritization is a common 

process in this near-surface, vadose, diagenetic environment as well. 
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In some crusts, well-sorted, skeletal, calcarenite grains are coated with 

micrite laminae (Plate 28C). Adjacent grains display no skeletal nucleus, 

and the particle is a coated, micritepelletoid. Such pelletoids may represent 

completely degraded. (mi cri tized)., ,skeletal particles. The upper parts of 

many crusts are.composed almost ,exclusively of'pelletoids that become less 

common as the crust,gradesdownwards.into original calcarenite. The 

pelleted micrite may_representnot only micrite precipitation in the upper 

parts of the crust,but-also,degradation of original particles to create 

a homogeneous texture. 

In summary., micritization.appears.to.take place in calcareous crust 

profiles, and may-,completely alter a calcarenite to a dense pelsparite. 

Boring • ..,.-Original,.sediment,. .especially skeletal allochems, is often 

bored by organisms" "creating circular tubes averaging 20 to .25 micra in. 

diameter. Boring is.most commonon the.periphery of grains, but, in places, 

entire grains .are.almostcompletely,destroyed, and only a network of holes 

remains (Plate,25C). Bored,particles are most common a few centimeters 

below ground, .and occur,in,roughly horizontal zones, a few centimeters 

thick, below,the-laminated-crusts. In the Florida crusts, however, these 

holes extend.into.the.crust itself, indicating destruction of the crust 

after formation. ,Holes,are identicalin_diameter to the calcareous tubules 

described below~ .and,.occasionally -are ,continuous ,with ,them. 

Root tubes.-..,.Brown,circular,. roottubes, generally 1 to 3 mm in 

diameter, occurin manycrusts and associated features (Plate 25E, 25F). 

In some areas,- ,these .tubes penetrate the sof,!:;, chalky carbonate in great 

profusion. 

) 
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Calcite Cement Textures 

In aIl of the crusts examined, the mineralogy of newly precipitated 

carbonate was calcite •. This calcite occurs in avariety of crystal forms--

(a) tangential .needles, .. (b) .. random needles, . (c) flower spar, and (d) 

micrite. Most of these .. crystal forms do not 'occur in the underlying, 

vadose zone. These crystals, while characteristic in themselves, also 

combine to form larger.structures, such as coated particles and crusts, 

which typify caliche.profiles. 

Micrite • ..,.-The .bulk .of most deposits is madeup of 1 to 3 micra, brown. 

micrite. This micrite is .not uniform, but is distributed in irregular 

patches, exhibiting.a.clotted texture (Plate 26A),with the irregular, dense 

clots up to O.lmm .. in .. diameter. These denser areas grade into sharp, round. 

to ovoid "pelletoids'.~ .that range in size from 0.03 to 0.5 mm (Plate 26B, 

26C). Most.pelletoids .1arger.than 0.5 mm are coated with a rind of 

tangential needles. 

Random needle fibres • ..,.-(Fig. ~; Plate 26D, 26E, 26F) A common form 

of CaC0
3 

precipitated into.void spaces is.amesh ofacicular, randomly 

oriented, calcite laths. These needlesare from 30 to 125micra long, 

and from 1.5 to 4 micra wide. The mineralogy of these crystals was 

checked by staining, X-ray.diffraction, and electron microprobe. When 

immersed in Fiegel's.solution, the crystals were partial1y stained in 

some samples, and not.stained .at.all inothers. As this stain is based 

on the relative.reactivity between.aragoniteand calcite, it is not 

definitive in thecase.offine crystals (Purdy, 1968). X-ray diffraction 

of several whole rock samples, where aIl other components are calcite, 

yielded no trace of.aragonite •.. E1ectron microprobe analysis yielded 

very low strontium.content,and.magnesium content too high for aragonite. 

ç" 

It is conc1uded, therefore, that these a*icular crystals are calcite. 
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The number of.these.crystalsin a void varies frQm a few scattered 

need1es, to a tight.mesh ·of numerous.crystals, where the void space between 

crYstals has almost.disappea~ed. The number and density of needles varies, 

from void to .void, .. in .. the .same .rock •.. These .crystals appear to undergo 

diagenesis by thickening.up.to 20 micra, while the length remains the same. 

Dense precipitation .of these needles .creates.a tight1y 'cemented rock. 

Supko (19:71) .has describe~ .similar .fabrics from Bahamian' ca1carenites. 

Occurrence of these.cements-in .. the.subsurface, .a1ongwiththeir aragonite. 

mineralogy, suggests .that.they.formed.in .the phreatic zo~e. He suggested 

the name "whisker.c1"Y.sta1s'! .forthis cement.· Ward (1970) observed similar 

cements, near present and.ancient.weathering.surfaces and soil zones de-

veloped in and.upon.Holocene.and P.1eistocene Yucatan aeo1ianites. These 

cements, in contrast,. .are·.calcite and .he has~ following cement terminology. 

of Folk (1965,. p •. 25).,. .called .them "'need1e .fibres". As the fabrics of 

Barbados most .resemble, .. textural1y, mineralogically, and environmentally, 

those described.by Ward (persona1 communication), his termino1ogy will be. 

followed and they .will .be called "random needle fibres" (to differentiate 

them from tangential.needles). 

Similar needles, 10 to 300 micra long and 2 ta 5 micra thick, are 

commonly foundbetween pebb1es in surficia1 gravels from western France 

(Cailleux, 1965). Where numerous, they form a felt or crust ("tripoli 

de Nanterre")that is 0.1 to 5.mm thick, main1yaround .the .lower parts. 

of' pebbles, and may cement sand grains and.pebblestogether. Analagous 

needles have been described.from Hunga~~(Kirvan,.1958) •. Interestingly, 

Cailleux (1965) .noted the.apparent.lack.ofneedle.crystals in warm climates, 

and feels they may.be.characteristic.of .cold climates. 

Tangential need1e .fibres.--Particles and wa1ls of micro fractures are 

plastered with alcicu1ar needles of calcite. 9 to 30 micra long, and 1 to 
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2 micra thick,. oriented .tangential .to .the coated" surface (Plate 27C) •.. 

Stacked laths .may. .. form .. cement .crusts .up .to 50 micra' thick. These needles. 
also form a ramifying.texture in the voids, and create a self-supporting 

structure (P.late .27A,. ... 27.B).. .The .crystals are calcite, with the C-axis also 
aligned parallel..to .. the.long·;axis .of .the crystal. 

Flowèr.calcite •. --(Plate27D,. 27E, 27F) In these .crusts ,drusy. calcite .. 
assumes a habit.different.from that .in.the .major part of the vadose zone 

below. This .cement iS.in the form.ofbrown,.relatively.elongate, single 

crystals of .calcite •.. These crystals .occur.in bunchesat regularly wide..., 

spaced intervals:on .the .. grain .boundary .and, from.:each.of these .points,. th'ree 
to four crystals.grow .. outwards .in. a .. fan •.. Flower calcite forms on grain 

boundaries, ·previously .. preeipit!ate·d,·clear,.calcite .spar, or on fine, 
heterogeneousparticles .in.the voids •. Continued precipitation results in 

a void, filled .with.a .tight, .interlocking mesh .of .relatively random, elongate. 
crystals, and readily. .distinguishable .from·.the .clear, . calcite mosaic .. 

In cracks; ·these ·bladed ·arystals .grow . close together ... and resul t in 
a row of single, .brown,. ·calcite crystals .thateither".meets.a similar set 
from the other side,..or.extends .across .the void. 

Coated·pàrticles.--Particlesin .the profile are often coated with 

calcite in the form·of light and·dark brown rings, similar to marine oolites. 
The nucleuscan .be~~(l) .original.skeletal grains (Plate 28B), (2) micrite 

pelletoids (Plate. 28C, .280)., .. (3) .fractured .microspar (Plate 28E), (4) .fractured. 
grains and micrite •. ·Thedark.and.light laminaehave a different fabric. 
The thinner,dark.laminae .containmany.needles(identicaltO those that 

form tangentially..to void.walls),. oriented.tangentially to the nucleus. 

The light brown .laminae .are loosely packed,. 1.5 to 2.5 micra, crystals of 
calcite, similar ·to ·the brown·micrite •. On.smaller particles, there is 

usually just.one rimof tangential needles, but onlarger coated grains 

up to 7 dark laminae have been observed. The size of these coated grains 

J 
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depends upon the size .. of· the .nucleus, .and .so .these vary between 0.04 and 

In 4.0 mm, which .. ranges .from . the .defined .size of oolites to ·pisolites. 
late Pleistocene,"reefal . carbonates , calcite coats both Mg-calcite and 
aragonite allochems. The.tendency of precipitation'is towards the creation 
of spherical particles. With elongate.nucleii, such.as molluscfragments, 
the coating.normal to.the .long axis .of the shell may be up to ten times 
thicker than over. the ends •.. These coatings.may .be· partly degradational, as 

weIl as accretionary~. 

Crusts.--Crusts, .although.exhibitinga.similar externalexpression ... 
of a brown, irregul:ar, dense calcite, vary in.internal composition. The 
most common crust is made up ofnumerous,·alternating,.light and dark 
laminae. In .many .. crusts, .these light and darklaminae are alternating 
bands of brown, .microcrystalline calcite (O.lto 0.15 .mmthick). and thinner, 
calcite laminae ... (0.06 .mm) .of .small.needle fibresoriented parallel to 
the laminae •. Although .this .is the principal. fabric :.of most crusts, 
bands of bladed.calcite.spar.(similar to flower.calcite),closely packed 
pelletoids (occasionally.cemented by cleardrusycalcite)., closely packed, 
well-cemented, coated.particles, and clear calcite spar are common 
accessory fabrics •. These.latter, .accessory textures.form thin crusts, 
identical to the .'!microcrystalline .rind"of .. Mu1ter :and·.Hoffmeister (1968). 

Intimate association .of .crusts and coated particles·.is "illustrated, 
as thinner crusts .and.rinds .often.mergewith particle.coatings (Plate 28E). 
Coatings along.fractures, running normal to bedding, .also merge with 
particle coatings.·· 

Tubules.-~In the upper.parts .of the.alteration.zone, usually just 
below the hard, .calcareous.crust, .thereare oftenobserved~numerous ramifying 
tubes, coated.with.fine calcite (Plate 29) •. These tubes have an internaI 
diameter of 10 to 15 micra, an external diameter of .15 to 20 micra, and 
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are 50 to 120 micra in length. They are straight, curved to slightly 

sinuous, singular andbranched, occur between original a1lochems, and 

can be seen to continue into allochems as borings. Tube walls are made 

up of small, equant calcite crystals, 1.5 to 2.5 micra in size. Rarely, 

walls contain small needles, 1.5 to 2 micra wide, and 6 to 8 micra in 

length. Decalcification reveals an organic residue, along the caicified 

periphery of each .. tube. 

Ward (1970)has .described similar tubules as an interlocking network, 

enveloping grains and partly filling interparticulate areas, and associated 

with fossil, weathered .. surfacesin Pleistocene calcarenites from Quintana 

Roo, Mexico. Thesetubules are slightly smaller, 5 to 15 micra in diameter, 

with a wall thicknessof 1 to 2 micra. He postulates that, owing to the 

absence of light .. in this .environment of formation, they cannot be due to 

blue-green algae,but more likely to the root hairs of angiosperm, dune 

plants. 

The tubules Ward (1970) .:describes do not appear to penetrate grains, 

as do the tubules observed on Barbados (see Plate 25C). The tubules from 

calcareous crust profiles on Barbadosstrongly resemble the slightly 

smaller (9 to l2.micra diameter) tubes of blue-green algae (especially 

Schizothrix), which.not .only have calcified sheaths, but also create a 

ramifying network.of borings .in.limestone surfaces in intertidal areas. 

Krumbein (1968).notes.that.the.microflora of Israel !INari limecrusts" is 

dominated by blue-green algae. The exact origin of these enigmatic, yet 

characteristic, structures remains unresolved, and requires further study. 

Origin of Cements 

The MOSt common.form of calcite cement in the vadose zone is the 

rhombohedron, as drusy blades (Folk, 1965), rhombic mosaics (Perkins, 1968), 
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and epitaxial growthson.singlecrystal allochems. The dominance of 

somewhat aberitnt, .calcite.crystal morphologies .incrustprofiles indic~tes 

conditions of formation .. which.differfrom those in most'of the underlying, 

.vadose zone. Can these .crystal morphologies be .reconciled-.with.known environ..,.. 

mental conditions and, .in .turn, "can they tell us more about the formation 

of the basic structures? 

Irtorganic precipitation.-..,.Most.studies on carbonate precipitation to 

date have been on the physiochemical controls which specify the mineral 

phase (Murray, 1954;. Fyfe and Bischoff, 1965; :Taft, .1967). Little ex ... 

perimental data .. is.available.for.the.different calcite morphologies ex~ 

pected under various.physiochemical.conditions. Integration.of.those few. 

experiments ·on calcite precipitation.with dataavailable.onthe precipitation 

of crystals in.general (Buckley, 1951; S trickland-Constab le , 1968) does,' 

however, yield a .. relatively .. consistent .picture. 

Variation_in.crystalhabit, .due to increased velocities of specific 

crystal face growth, .may .. be .due toany one .of the .following factors--

(1) Evaporation .versus .heating..,. ... Crystals .that form' .by slow chànges .in 

temperature, .as opposed.to.slow.evaporation, tend.to.have slightly different 

face development (Buckley, .1951) •. 

(2) Composition.of.solute..,. ... Specific.crystal forms.can·be encouraged. 

by growing them .. either .in:.different .solutes, ... or .in~water :with-::othèr dissolved 

substances ('!Syncrystallization'!; .Buckley,.l951)._ A good:,example of this. 

is aspirin, .which .grows .. as .need1es .in water, .but as .p1ates in .other solutions. 

Calcium carbonate, .separated .from.a .bicarbonate solution' in.which .a minor, 

but ever increasing .. amount.of.S04 .is present, undergoes a progressive 

change in crysta1.form. A~ very low concentrations, the primary rhomb is 

precipitated, but as the S04 concentration is increased, the rhomb becomes 

steeper and the crysta1s are e10ngated (Buckley, 1951). 
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Usdowski (1963) .hasfound that the.Mg:Ca ratio of the solute also 

affects the .crystal. formof.calcite: If the Mg:Ca ratio is between 1:1 

and 1:16 (salinity.of.3.6.~0/0), optically negative spherulites, with no .. 

visible, radial,.. .. fibrous ·structure (5 to 10 micra diameter), are· formed, whil,e. 

if the Mg: Ca .ratio .. is between 1:16 and 1:64, a fine, granular precipitate, 

approximately.Lmicra,in diameter (micrite), is formed. In fresh water 

over the range .1:1.tol:64, ·a granular. precipitate of crystals, averaging 

10 micra in size, is.precipitated. 

(3) Supersaturation.,.,...,.Crystals,grow.normally at low supersaturation~,... 

but if precipitated. from.,highly ,supersaturated ,solutions ... they .exhibit . 

abnormal growth .. forms,.. .. such .. as .needles,. tubes, de~drites,·.etc •.. Ice .grows 

in its normal. .. form .. as .. plates .. at low ',supersaturations, while at .high ;super..,. 

saturations .it .grows ,as .. needles, .hollow:.prisms, ·.dendrites .or prismatic 

columns. These.different forma .are.produced.over strictly delineated 

temperature ranges (the supersaturation.being.varied.independently of the 

temperature( (Sti:ickland-Constable, .1968). Inalum, the complexityof 

the crystals ,1decreases with increasing .saturation, so that certain faces. 

(100 and 110) .have abetter opportunity to appear at higher degrees of 

supersaturation . (Buckley, 1951). 

Fluids at or nearthe.air..,rock.interface may beexpected to display 

rapid and extreme .variations .insupersaturation. Thesemay be brought 

on by rapid .temperature .. flu~tuations ·and .periods:of· rainalternating with 

intense evaporation~ ... The . addition .of ·seawater .solubles ·in the form of 

salt spray, as on .. northern Barbados, will also .affect·.the c~mposition of 

the solute. 

Among the.different.abnormal.crystals, produced under.the above con-

ditions, are.dendrites,...spherulites . (radial and.concentric) and whisker 

crystals (random needle fibres). Dendrite growth takes place in the labile 
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condition, and ... the"regular branchingis .probably due to the successive .. 

depletion in .the neighboul:'hood .. of .each. freshly .grown branch •. Dendrites are 

usually regularly .bl:'anched,. but·.many workers include .crystal.needles .in 

this category.as .they.are.initial.forms.ofdendrites. Flower.calcite. 

from Barbados. is .. very ... similar .. in:.form .. to .many ,dendritic .crystals. 

Concentl:'ic. spherulites:.al:'e. formed:.by._.successive .shells;;of . crystals. 

laid down at .. mOl:'e .or .less resular .intervals, .from the- central core •.. Re-

gions of dense .crys·tals .are .. separated by areas .of .loosely packed .crystals. 

Buckley (1951) .. considere·d .. that the .rings of densély:packed crystals are· the. 

result of crystallization.under labile.conditions (very high.supersaturation),. 

while loosely packed,.crystalsform during times ·of metastable.(low .super ....... 

saturation) .conditions. The concentric laminae, coating .particles with. 

brown calcite.on.Barbados, display similar crystal shells that_may weIl 

have forœed by this.mechanism._. 

The random .. needle" fibres,.. from' .calcareous . Cl:'Usts .on Barbados. 

appear verysimilar.to the.more.widely known "whisker crystals".Whisker. 

crystals. are.defined .. as'.being .less .than .100.micra in diameter, grow to .. 

great length, are.constant.in.cross"",section,..and possess"properties of 

great strength .... The.mechanism.of.whisker.crystal formation is far from 

being understood,,(Strickland..,.Constable,..1968). •. Whisker.crystals.most 

commonly form .. on .. metals .... When .. other compounds:~such ·.as 'KCI; .Ca$04.2H20,. 

and NaCl are .. satul:'ated_at·~high .. temperatures;and .allowed:to .cool, they .. 

also form whisker .crystals .and .. needles •.. After formation',. .whisker crystal.s. 

often thicken, usually.by.spreading uniform.layers from.one end. In 

sümmary, both the .random .and .. tangential .needle ·fibre crystals from Barbados, .. 

by their dimensions .. and subsequent diagenesis. are similar to "whisker 

crystals". 
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Organic contro1.~-A11crysta1s observed forming the basic e1ements of 

crusts, and precipitated.in.the surrounding1imestone, .might beexp1ained. 

in the 1ight of.physiochemica11y;control1ed.precipitation. However, as 

these crusts .are_intimately .. involvedwith soi1 formation', and much of the 

carbonate precipitation .. taltes. place .within .the .rhizosphere (Burgess and .. 

Raw, 1967, p •. 53) ,. .. the .. ro1e .of organisms must a1so .be considered. Un-. 

fortunate1y, .even.less.is known of the precipitation of Ca603 by micro­

fauna and .f1ora. 

Chemica1 decalcification .. of. the brown. carbonate in the crustsand . 

coated partiales reveals .. large amounts .of.residua1 organic· mate rial be~· 

tween the crystals .... Converse1y,b1eaching a1tered the co1our of the 

crusts to grey, .indicating.thatthe.brown.colour is organic, simi1ar to 

the findings of .Multer.and .. Hoffmeister (1968) on the F10rida crusts. 

Initial investigations of.the."Nari1imecrust" (Israe1).byKrumbein 

(1968) indicated .. that. the .crust .. containeda·.we11-deve10ped microf1ora, .. 

consisting of. autotrophic and .heterotrophic bacteria, ·.fungi, and actino-. 

myceta. but .is .. dominated .by green and .blue-.green a1gae. As culture ex-

periments on.the .. flora.indicated.that.they cou1dproduce.1arge amounts of 

calcite, it.is possible .. that .. such.a.flora may.produce,·or-be invo1ved in 

the production of,. .. caliche .carbonate •. 

Ward (1970), on.the.basis.of.simi1arity in size and.arrangement of 

the need1e fibres-to.funga1 hyphae, suggests.that the calcite crystal 

precipitation isin. some .way associated·.·w:Lth .fungae. The .1arger .tubu1es. 

as we11, whatever.their origin, are a1sore1atedto·organic·processes of 

some kind. 
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.Buxied.Fossi1.Ca1iche Profiles 
.' 

Buried crusts .. arevisib1e ·at .severa1 10ca1ities, .and in a11 cases 

under1ie the 104,000.year .old .reef·.comp1ex· •. The· same· fabrics occur in 

fossi1 buried and .. Ho10cene,. .surficial.. crusts. 

In the .fie1d, .the .. buxied.:.crusts.cons:Lst :of':a ·.band;.··or sexies of. 

bands, of hard,., extxemelydense 1imestone at·the.boundary between two 

facies (Plate .30A. to. 30n) ... Within the we11-1ithified:1imestone are a 

series of brown., highly .. irregular laminae, ·.separating buff tocream, 

dense 1imestone, .. which:.grades .. downward .into recognizab1e·.marine· lithologies •. 

At one 10cality,. .. the.litho10gy .. under1ying the·crust is still re1atively 

crumb1y, a1tered, ,.chalky .materia1 .andweathers recessively' (Plate .30A), 

in a simi1ar fashion· .. to .. caxbonate below modern crusts. 

Exposure of. these.crusts .. is.not .good.enough.to·:ascertain their 

1ateral extent. .Asthey·.are ·not .present at a11.contacts.they may have 

deve10ped on1y 10ca11yand/or have .been partia1lY':eroded';by the trans-

gressing sea. 

At one 10ca1ity (US-1), the crust zone.a1so.contains.ixregularcavities 

up to 30 centimeters .in diameter •. These .cavities ',are f1at...,.floored and. coated . 

'with a brown crust .. (P1ate 30E, 30F), simi1ar to.the moxe common, horizontal 

crusts. 

Cores in the Pleistocene succession on the F10rida.Keys reveal fossi1 

1amiriated crusts. withinthemal:'ine, .Key.Laxgo limestone •. These crusts lie. 

be10w the 'dated .(95,000,years .B •. P.) .portionof .the Key.Largo 1imestone •. 

In thin section, ... the.dense, .brown .crusts .from .Barbados· consist of--. 

(1) inter1aminated,..brown ,micrite .and .tangentia1 .needles·.(Plate 31F), 

(2) irregular .root .tubules .. surrounded .by .tangential.needles'.and .filled.with . 

) 
clear, spar .mosaic,.. (3).thin .bands .of .c1ear . calcite .and·.brown· calcite, 0.1 .. 

mm thick (Plate 31E). The cream.to buff limestone.is.made·up· of.brown, micrite 
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pelletoids and.allochems_coated·with.layers .of tangential needlesand 

brown micrite (P.late .. 3lA.-to 31C). 

Once buriedby_younger,reefal limestones, these crustspass .. into.the 

main body of .. the .vadose,.._diagenetic .environment ..... Because .of ·thei7 . calcite 

mineralogy., .. crust.",associated':"fabrics .are ·.stable· in the. presence ,.ofvadose. 

fluids, in contrast .. to .the .original,. .. sedimentary-.mine"L"alogy .of.the particles. 

they often enclose, .. and .. so .. should .be .. weIl .preserved~· This is ·.well illustrated 

in the diagenesis .of .. coated,. .. aragonite .allochems •. Now··:in the' vadose.zone,.. 

the aragonite allochem .. dissolves.and.subSequent .precipitationof·'void ... filling ... 
. -... 

calcite takes-place,. .. while·.the stable .calcite.coating remains, .unaltered. 

(Plate 3lD) ..These. $urficial ... ca,l.careous·:crusts.will, then, remain.in the ... 

geologic reco"L"d,. .. as .criteria .of subaerial .. exposu"L"e·.under·semi..,.arid conditio~s, 

unless the who le rock is crystallized and aIl fabrics lost. 

Summaryand Discussion 

1. Surficial, calca"L"eous .crust.profiles .developedon the Pleistocene lime~ 

stones of northern .. Barbados .are.similar.to."caliche".deposits. The.extent .. 

of profile development .is .. a. funation ... of age .and.induration .of the .host . 

. limestone, ·local .. topography,.::meteorology,. .and .amount .of·.:external .CaC0
3

· 

available. .All..crusts·.are·.calcite,but .they .contain a .wide range of 

crystal morphologies •. _Calcites .in areas bathed.insalt.spray contain.up 

2. Many of the .calcite,. -crystal.morphologies .present .. in . the calcareous ' .. 

crust profiles are similar .. to_those precipitated·.from:.highly· supersaturated 

solutions. Similar .crystal .. habits can .also .be obtained from solutions 

that contain large amounts o'f ·other .ions, such .as .Cl- .and SO 4 -::-. Rapid 

fluctuations. in .. temperature,. .rainfall,.and evaporation may result in 

supersaturation of ne ar-surface fluids •. ·Material .may· also be added to 
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these solutions.by .. rainfal1 and salt spray •. The presence of organic 

materia1, in. both .. ~fossi1..andRecent .crusts,a1so .suggests that. organisms 

such as a1ga~~ .. fung;~~ .a~~ bacteria may aid in inducing' càrbonate precipitatioQ.. 

3. In the upper part of. the vadose zone, thehost.1imestone is--

(a) Brecciated, .both ·on .a .. macrosca1e,.creating·-actua1.breccias, 

and on a microsca1e,.. .. creating .cha1ky, ·.crumb1y_ carbonate. 

(b) Recrysta11ized, -with .aggrading .crysta11ization-.of .micrite .to -

6 to 10 micron. microspa-r,...which is .characteristic ofcrust .profi1es •. 

(c) Micri tized, ... with .. deg-rading.- c-rysta11ization of. original 1imest6ne 

to micrite, .especia11yin -theform .ofpe11etoids. 

(d) Bored, .which. in -some .-cases _comp1ete1y' destroys. original a110-. 

chemsand 1eaves .. only.a series of ramifyi.ng tubes. This boring i8- .. 

accomp1ished .. by.-the .same.p1ant ·or -animal .responsib1e- for the ·pro-

duction of fine tubules. 

4. The zone of.ca1careous.crust accumulation possesses.a unique set of. 

cement ·fabrics.and.:.textures, .:f.dentical. to .those .in- ca1iche- profiles from· 

other areas, .. but. comp1ete1y .different· from -those.in- the .under1ying, vadose 

zone. The crysta1s .of.-.the.crusts and _associated.features::are .in the form. 

of--(a) f10wer_ spar,-. (b). .. need1es, both as large (up to 160 micra) random 

need1es andsmal1.'up __ to.30 .. micra) .tangentia1 need1es,and (c) mi~rite. 

These basic crysta1s .combine to.form.a series.of textures (Fig. 23)--

(a) Void-fi11ing.cement, dominant1yf10wer spar and random need1e 

fibres; 

(b) Coated partic1es,.varied.nuc1eiienc10sed.in a1ternating 

1aminae.ofmicriteand.tangentia1.need1e fibres; 

(c) Crusts, formed from-the same basic.arrangement of need1es 

and micrite,. butaugmented -by .add:f.tion.:.of---coated partic1es, 

cement, and pe11etoids; 
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Figure 25. Summary diagram of calcareous crust fabrics and textures. 
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(d) Pe11etoids, of both precipitated micrite anddegraded partic1es, 

often .coa.ted_by ... at .. 1east one layer of .tangentia1 need1e fibres. 

Fina11yca1cite .. is.a1so.precipitatedaround .the filaments' of. a series. 

of ramifying tubules which are continuous with'a110chem borings. 

5. Since the precipitated.crysta1s described ab ove' are calcite, they are 

1ike1y to be preserved, a10ng with other calcite textures, in the fossi1 

record. Texturesin.pre.".P1eistocene deposits resemb1ing.the crusts and 

coated grains, have genera11y been.ascribed to marine sedimentation. With 

increased rea1ization .. ofthe importance of subaeria1 .diagenesisin a1tering. 

and 1ithifying1imestones,.enigmatic, fossi1 textures are undergoing re-examin-.· 
. 

ation, and ~ny canbe direct1y re1ated to near-surface, diagenetic phenomena 

(Swineford and others, 1958; Shinn~ 1968b; Thomas, 1968; Dunham, 1969; 

Kendall, 1969). Documentation.of these ca1careous crust fabrics and textures 

on northern .Barbados .. should .aid.in .. the .recognition .. of . fossi1 , ca1careous. 

crust profiles,. .wh:l.ch .. are diagnostic of the subaeria1, .. vadose, diagenetic 

environment. 

CORAL DIAGENESIS 

Introduction 

Cora1s, the frame .bui1ders .0f.Recent, .P1eistocene, .and many older 

.reefs, are a1so.the.1argest .. blocksofmonomineralicmateria1.in these reef 

complexes. In situske1etonsof coral, a10ng with.sediment derived from 

them, make up in many cases over 80 per cent of the bulk.of.the reef facies. 

Itis we11 known.that aragonite ske1etons change.to.ca1cite.in.the subaeria1, 

diagenetic environment, and.that many.of .the.origina1 cora1·textures are re-

tained in the newca1cite.forms. The actua1process.of transformation it-

self, however, has been litt le studied. 
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Previous Studies 

Transition .of .aragonite .. to .calcite must take place.in the presence of 

an aqueous .solvent.~(Fyfe.and.Bischoff, 1965),at :the·.temperatures and 

pressures near .the .. ea:cth'.s .. su:cface.· " .The·. tlransi tion·,.from'··an.:.orthorhombic 

to hexagonal. structure. appealrS .. to ,take.place . as-...,.(l). dissolution-repre-

cipitation,a process. in .which.the.aragonite.dissolves, a void is pro-. 

duced into which. subsequent .precipitation of .calcitetakes· place, andmost. 

original textures .. are .. destroyed,. .or (2) inversion,. theoretically a process 

by which skeletal .aragonite .. spontaneouslyalters· to .calcite without pro-

duction of a.discernable .. void .. space,. .is .not·,:cigorously· isochemical,and . 

results in. prese~ation· .. of .original . texture. (Land, 1967.).· 

Matthews .(1968) ... has .postulated .that .thepresent·.minera1ogy. of late 

Pleistocene,. ·.aragonite .. skeletons in .the.subaerial,. vadose;';diagenetic .en.,. 

vironment on .Barbados .. reflects...,.-(l) the amount .of vadose water avai1able, 

and (2) the kinetics .ofwater transport'throughthe sediment. The aragonite-

calcite transformation.is .retarded inareas of re1atively low rainfal1 a~d 

high evaporation.because of 1itt1e vadose water, andmany corals are still 

aragonite. The transformation.is.more rapid in areas .of higher rainfall, 

but the present .form .of .. the coral is dependent on the kinetics of water 

movement through .the .sediment~ ... If undersaturated water enters the sedi-

m~nt and passes .through .. rapidly, only solution of .aragonite .may occur, and 

so the cora1s.are .. dissolved •... If,. on the .other hand, waterpasses through. 

slowly, solution. of .. aragonite,. and .concurrent precipitation .of· calcite, may 

occur and the caral .. will .. be .altered to calcite. 

Harris ·and Matthews .. (1968). suggested .that, in .some areas,water trans-

port is sufficiently .. slow .in.thevadosezone .that aragonite to calcite 

solution-reprecipitatian .is .. operatingat .greater than 90·.per cent efficiency, 

within a few hundred feet of the outcrop surface. 
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Pingitore . (197.0) -·stud:ied .the :spec:iesAcropora palmata from Pleistocet:te 

reefs on Barbados.:and .. attempted.toquant:ify the processes .involved. ·in .filling 

primary, coral..voids .. with .. carbonatecement. .He concluded that, in the marine 

environment, pores .. maybefilled with. precipitated aragonite needles. In 

the subaerial..environment,.. as .the substitution of calcite .for aragonite 

appears to be .. a. volume .for .volume .change,. the ·excess .8 ·.per cent CaC0
3
,.left 

over after the.coral..has .. changed from .aragonite .to.calcite, 'is .precip1t:ated . 

as calcite,void.,.f:ill ·cement •... He·.d:id .. not .consider .theproblem of alteration, 

except to note how weIl original textures are preserved"in .the :calcite forros • 

.. Macroscopic Diagenetic.Textures 

The most:.abundant .. cora1s .in .. the .. 1ate Pleistocene.:.reefs:.are Acropora .. 

palmata; 'Aèropora . cervicornis, . and ·.P.orites:porites.· . A. palmata was selected 

for detailed· .study because .of .its .abundance in the reef facies, and because 

this facies is weIl .exposed.(P.late .6). The.Acroporidae.(late.Cretaceous to 

Recent) contain.over.125 .livingspecies representing about.25 per cent of 

living coral.species .(Vaughan.and.Wells,. .1943) •.. These.are.perhapsthe MOst 

successful family .of.·the .Scleractinia,. due to .their .light,. .very. rapid~y 

growing skeleton .. and .enormous. numbersof small polypswhich form large 

colonies (Wells,..1956).. 

The climate on_northern .. Barbados .is·.relatively dry .compared to other 

are as of the .island . (Rouse,. .1962; ·see also discussion of .subaerial crusts). 

Many late Pleistocene .. cora1s .in .this .area are still .aragonite,. while others 

are in transition,.containing both.aragonite and calcite,. .and.some are ·com-
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pletely changed to .calcite •.. In .places .along the .west coast, .between Speights-

town and Holetown,. .. and:'in .. some .. 01der .P.leistocene .limestones·.on .the North 

Point Shelf, the.corals have beencomplete1y dissolved.(P.late 32D, 32F). 
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. '\ Cross section 

Figure 2.6. Individual branch or frond of Acropora palmata. 
illustrating the location of longitudinal and cross-sections in 
Figures 2~ and 28. 
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In transitional.forms, the zone between good, .rhombic calcite and ara-

gonite is occupied .. by.a .powdery white, "chalky" area of variable thickness. 

The "chalk".can .. easi1y .be .. scraped .out with.a fingernail and is readily. 

.(. 
discern .. ble .from:.dense, .. well-crystalline aragonite. .This "chalky" material 

is present in. all .. corals. underSoing alteration. In some specimens.aragonite 

is absent and. the .. cora1 .. cons:Lsts .of .calcite and ."chalk", while in others 

no calcite or aragon:Lte.is .. present.and.the.coral,is almost aIl "chalk". 

Separate .mineraL.phases .are .present as two .. discrete areas .in the· 

coral frond,. and .. never asscattered, random domains. .The·.calcite or "chalk" 

is located either.in .. the.centre part of the coral frond.(anal alteration). 

(Plate 32B), or. as a. thick rim along .the .top of ·.the·.f1:ond-.~do1:sal alteration). 

(Fig. 27; Plate 32C) •. This .fabric .implies".that ~aJ.teration'.moves outward 

from the centre of the frond, ·or downfrom .the top .of·,the frond, as a 

"diagenetic front'!, similar. perhaps . to ·a metamorphic front. 

To better quantify.these.specific spatial arrangements of aragonite 

and calcite,'over 450 fronds,.from 13 separate localit:l.es.in.the 83,000 year 

old and 104,000year.old .. reef .complexes, .were.investigated. The coral 

structure could only be determined.when.the frond.was'broken open, as most 

fronds are black .. and .. coated .with .. a .thin .(1 to .2 min) .layer of fungi or 

algae. The mineralogy ·of .every broken .frond was ~recorded~(Tab1e 10;. Appendix . 

G). Those corals .. in .. transition .Cover 250) were studied·.in .detail and the 

spatial arrangement .. ofminerals (whether the changewas from aragonite to 

"chalk", "chalk" to .calcite, or aragonite to "chalk" .to calcite) was 

recorded, along with .. the presence or absence of red algal encrustation 

on the upper surface .. of .. the .. frond~ 

These detailed ·observations. revea1 .severa1.region·al .trends. In the 

104,000 year old .. reef .. complex, .the.relativenumber .of.calcite .corals in­

eL 
creas es from about 30 per cent on the comparttively dry, North Point Shelf, 
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AXIAL ALTERATION 

Aragonite Crustose 
redalgae 

DORSAL ALTERATION 

ACROPORA 
PALMATA 

Figure 27. Cross-section of Pleistocene Acropora palmata 
illustrating the location of new calcite in partially altered 
aragonite corals. When the new calcite is located at the centre 
of the frond the mode of alteration is called "axial"; wh en the 
new calcite is located along the upper portion of the frond the 
mode of alteration is called "dorsal".-



\ 

119 

to over 70 per cent near Holetown,.a . distance 'of '7 ki10meters to the south. 

Cora1s in the 104,000 .. year. old .. complex,onthe who1e, contain more calcite 

than the younger.cora1s.on.the.northwest coast. 

Of over 250. corals .. in. transition'. (exc1uding those recorded as a11 

"cha1k") over ·70 ·per. cent ·exhibit .axia1.alteration ... While only 16 per 

cent of those .. cora1s .. exhibiting .axial alteration areencrusted.with red 

a1gae, over .SS .. pe'L". cent .o:f-.corals .showing·.dorsa1.a1teration are alga1-

coated. In .seve'L"al .. a1gal.,.encrusted. examples, .both.do'L"sal and axial 

alteration are obse'L"ved, .but .. dorsa1 .alteration .is further .advanced •. These 

data suggest .. that~ .in .. gene:èal,. .. alteration commences·.in.the- axial region 

of the frond,. '.but; :f.f:.encrusted .0n:.the:.upper·;su1:face·\w:fï.th:·.~ed"'algae,.. al.t;eration 

begins adj acen t . to. -thealgae. .. .'lUtel:ed algae ,due', toi ts' .Mg-calci te mineralogy ~ 

equilibrates more rapidly in. the subaerial environment· than·.aragonite~ and 

. during this change clearly. initiates alteration of ,the·.adjacent, aragonite,. 

coral skeleton •. Initiation ofalteration.in.the· centre ·of-the frond is 

governed by some .. as yet '.unspecified, .internal, skeleta1 control. 

The widespread .'.'chalky" state of. the cora1s always occurs as an inter­

mediary stage between aragonite. and calcite, and appears.to be an important 

key in understanding .the. process .of alteration •.. This ."chalky" appearance if! 

not ünique. to corals ,and .is .. found in .many .pre-Recent .aragonite fossi1s •. 

Land (1967) noted .. this .. material .and .stressed its .importance, but did not 

know its origine .. Schlanger . (1963)., in.a .study of .P1eistocene corals from 

the Bikini and .. Einewetok. bO'L"eholes, ,notedthat the .boundary-between original 

aragonite and.replacing .calcite .. closely .. resemb1es ·a .styolitic seam, and is 

occupied by a thin film .. of .powdery aragonite. He-concluded .that~ under the 

action of subaerial.solutions,. the.aragonite.evident1y~reaks down into a 

powder, and is.then- dissolved ·and 'l:eplaced .by ·the .more-.coarsel.y crystal1ine 

calcite. The .'.!chalk'.! .. phase .also ·OCCUl:S .in .corals fromF1orida and Jamaica 

Pleistocenelimestones(personal.observation). 
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Samp1es i11ustrating this materia1.in a11 degrees of,deve10pment were 

co11ected, and .each sample ·examined .under .the binocu1ar microscope. The 
\\ /1 

crumb1y, soft, chalky carbonate ·occurs first in the·centre of each sma1I, 

structural e1ement of .the .. cora1 .... In extreme1y crumb1y samp1es, the centre 

of each structura1e1ement iscomp1ete1y disso1ved and.on1y the aragonite. 

adjacent to each.pore .remains.This·cha1kymateria1never originates ad..,. 

jacent to the .porewa11r .. ·The .microarchitecture of the' coral itse1f 

apparent1y possesses.structural.inequa1itieswhichmake· some parts of the 

ske1eton more susceptible to "cha1kification", and.hence a1teration, than 

others. 

-Cora1.Microarchitecture 

Acropora .palmata .. (Lamarck). isa .sc1eractinian· coral in which sma11, 

widely-spaced .po1yps .. are connected .bya·.tang1e .of .communicating tissue 

(coenosarc) •. Each·.individua1·corallite is composed ·of -three structural 

elements, septa,.dissepiments,. .and -theca . (or .wal1), and' is '~joined to other 

corallites by,coenosteum .. (Fig •. 28; :P1ate .32A). As dissepiments in the 

Acroporidae.are .characteristica11y poor1y deve10ped, the main e1ements are 

septa, theca and .. coenosteum •. 

Sc1eractinian .cora1s .are.composedof fine, individua1.crystals, or 

"fibres", of .. aragonite '. (Plate 36B) •. Each fibre, ,in the' form of a lath,. 

b1ade,' or need1e,.is. from 0.5 .to 2 micra in thickness (Wise, 1969). Fibres 

are combinedin-compaat ,bund1es, .ca11ed .. sc1erodermites (Wells, 1956) (a1so 

referred to as spheru1itic arrays, Sorauf, 1969; 'or fascicu1i, Wise, 1969), 

5 to 25 micra.indiameter. Crystal1ization of a sc1erodermite proceeds out-

ward from a point centre.of calcification, unti1 crystal fibres coa1esce 

with those from.a .. neighbouring.centre. 

Septa • ..,.".Septa.are.the first ske1eta1 structures tO'appear after de-

position of the basal plate, and a11 other ske1etal parts' are subsequent 
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Figure 28. Principal morphologie units of Aeropora palmata. 



,.-.. : .... _~/-} .. ~ ... ~_.,,-,~:- .. ~.,,-;- .. ~_ ....... _-.. ----------~-.-.--. ....,.------.. _~-----------_._-_._-----_ .... _--

l 

122 

to the septa and of. secondary importance.. In the septa, sclerodermites 

are usually stacked one.on top.of the other to form a pillar or spine 

called a "trabecula'!.. The axial.part of this spine is formed of a series 

of centres of calcification which, -although discontinuous,in a single 

trabecula, forms.a dark,irregular line in thin section which is referred 

to as the "centre of calcification" (Plate 33A, 33B, 33C). ~e septum is 

a pallisade of trabeculae (Fig. 29). In the Acroporidae, each septum con­

tains 6 to 8 of these trabecula·!, which are relatively far apart, resulting· 

in a fenestrate structure witli awell-developed dentition at the top. 

Spa ces between trabecula. are filled, but only partially so, leaving the 

septum relatively porous ·(Fig. 1.~)' As trabecular arrangement in the 

septum varies consistently from group to group in the scleractinia, it 

is the basj.s for classification. 

Theca.--Septa are often joined by rodsorbars·connecting opposed 

faces •. Such simple "synapticula" are·formed by the joining of two highly 

divergent trabeculae.in adjacent septa, and.may include one or two extra 

sclerodermites. This horizontal, rod-like, structure also develops more 

profusely to form the corallite wall ("synapticulotheca") in· the Acroporidae 

(Fig. 29). The highly porous wall is designedto enable direct communi­

cation between the gastrovascular cavityand .. coenasarc. 

Coenosteum.--In.the.groups.Poritidae.and Acroporidae;·the lower part 

of the cQenosarc .is .. modifiedinto ·a .tangle _of minute .communicating canals 

("canaliculae'!) .with ramifying .vertical and lateral connections. The 

calcified material. (" coenosteum'!) .laid down .around this soft tissue consists 

of discontinuous, vertical trabecula , united horizontally by rods in more 

or less distinct laminae (Fig. 28). 

Trabecula. -.,.From .. the above it can be seen that the trabecula are the 

most important skeletal elements in the Acroporidae, ascolumnsin the septa, 
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as bars in thetheca, . and as.rods.and spines in the coenosarc. The micro-

structure of-the ·scleractinian·trabeculahas been studied by Wainwright 

(1963, 1964) •. · Detailed .petrographic, chemical, and X-ray microradiographic 
analysis (Wainwright .... 1964) .revealed that ,each ·:trabecula is composed of 

three J?arallel areas--(l). the centre of calcification, (2) a brownzone, and. 
(3) the peripheral zone (Fig. 2~). The·centre of calcification and brown 

zone contain, on the average, 6 percent less aragonite than the peripheral. 
zone, suggesting submicroscopie, intercrystalline spaces may be present 

there. The centre of calcification is composed of small, 1 micron or less, 
randomly oriented crystals of aragonite (Plate 36A). This appears as a 

dark line when.viewed.in thinsection (Plate 33C). When immersed·in b~omo-. 
form, which has a refractive index (1.595)~:rthose of aragonite (~=1.530, 
'=1.680, ~=1.685), the dark line does not alteroptically. Hence the sub-. 
microscopic, .intercrystalline spaces are filled, perhaps with soluble, or~ 
ganic material. or .water;.absorbed"onto .the crystal faces, enhancing the ob.". 

served, optical .properties. Surrounding the centre of calcification, in 

sections 30.to.60 .. micra·thick, is a zone· of brown colour. When immersed 

in bromoform, this zone· imbibes bromoform slowly, and in time becomes . 

optically indistinguishable.from.the surrounding peripheral zone, indicating. 
that it contains submicroscopic, intercrystalline spaces which are filled 
with air in dried specimens ... X-radiographie pictures indicate-this zone to 
be transitional, .. possessing .. both the .random, -small erystals of the centre of. 
calcification and the highlY'oriented, aragoniteneedles ~f the peripheral 
zone. The peripheral zone, ·whichmakes up most of the. trabecula" is com-
posed exclusively of aragonite needles (Plate 36B). 

Petrography 

To ascertain the nature of the "chalk" and the aragonite-calcite trans-
ition, thin sections were cut of corals in many stages of alteration. Sinee'~ 
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most changestake -place,on.a.microscopicscale, broken surfaces were also 

examined under .the .. Scanning .Electron Microscope. Specimens illustrating 

alteration from .aliagonite. to .'~chalk'! ·were examined cfirst·,to discern the· 

development .of .this .. phase •. The .boundary ·betweenthis and calcite was·then 

investigated,in an.attemptto more accurately deterroine the nature of the 

mineral change. 

Chalk.--Aseries ·of ·brokenslabs and accompanying thin sections from 

selected Acropora.palmata .. samples f' .. ranging ,in ·composition ·from .good alia-

. gonite,to'samples .displaying minor ."chalkification",to corals withlittle. 

original aragonite-.and .. all·."chalk'!, .were studied. Thin·.secti.onexamination· 

confirroed that. the .alteration .. of .aragonite to "'chalk" occurs first at the 

centre of each .trabecula. When .'!chalkification" is extensive the orig:J.llal 

coral structure .remains,,,.but each. elementary, trabecular column has a hollow 

centre with.up .to 70 .per.cent.of the aragonite removed.Alteration was 

never observed to-.take .. place .from . the :.pore -walls inwards. 

Of particular .. interest .. are those.regions .of the coral adjacent to. 

crustose redalgae •.. The .red .algae, .because it was originally Mg-calcite, 

has rapidly altered ·to .calcite. 'In the original coral' pores, a mosaic of 

clear, calcite sparhas.been precipitated. The coral skeleton, however, 

is altered to "chalky'!aragonite, .with the centre of each trabecula and .p~rt 

of the surrounding .. aragonite .needles .removed •. No .calcite·.has been pre-

cipitated within .. the coral .. skeleton •. 

In impregnated .thin section, the white, crwnbly,.chalky :material appears 

dark (Plate .33E), .and .similar ·in forro .. to the aragonite. Crystal boundaries 

are.ragged, withirregular, individual needles of ·aragonite·(Plate 33F). 

Under the Scanning .. Elect17on ,Microscope, .. this .irregular.texture is clearly 

visible. Aragonite·is .. no·longer.inthe forro'of clear,-vitreous, tightly 

packed crystals, but rather needles are-etched,·.dog-eared; -:and separated 

1 -
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from one another (Plate.~37). .X-ray powder .patterns of small groups of 

. these crystals .c~nfirm .. tzhat. they ·are :aragonite,with a trace of NaCl, a. 

co~on accessory :.in. marine .. skeletons •.. 

The·lack .of"small .crystals .of .. calcite in . the "chalky'.~ ;carbonatesug-

gests' that this .. phase .·of coral.alteration is solely the result of solution. 

This solution"does .. not .occurin·a .random fashion,butis selective, first 

dissolving the. centre of' each trabecula. (Plate 33D), and then creating. 

a small;~elongate void. between .individual, long, parallel,aragoniteneedles: 

(Plate 37). This.lattzer ·process .isanalagoustothe·.c01lDllon. petrographic 

technique .of. etching. thin.·sections,.the most .reactive part of .the mosaic. 

being 'the crystal. .. contacts •. In . the .. coral skeleton,' the' c-axis of aragonite 

is parallel to.thelong axis of .theneedle. Dickson (1965, p. 491) noted 

that calcite reacts considerably·faster on faces parallel to the x-axis than 

on those normalto .it •. Fyfe and Bischoff (1965, p. 3) record the sarne 

phenomenon for aragon:f..te:t- in .observing . the .relativelack:of".reactivity .of 

the (001) face .in .. aqueoussolutions. .Thus, the .preferential reactiv:tty 

of those crystal. faces of . aragonite parallel to the c-,.axis may enhance 

solution between .. needles •... 

Calcite.-~Calcitecorals·are made up of a mosaic of relatively large 

crystals, up .to.5··mm·in size. ·The original, spherulitic texture of bUndles 

of aragonite ·needles .. ispreserved in ghost form, .so accurately, in many 

cases, that .under plane.,light.the .presence of . calcite ·can only be discerned. 

bythe crystal. boundar:f..es .. (Plate ,34C, 34D) •.. Under crossed nicols each 

calcite crystal.extinguished.on.itsown and the sweeping'extinction of the 

spherulitic . aragonite "array .. has .gone •.. I:.arge·.calcite crystals·.do not extend 

into theoriginal .. pores,. .but do.cut.across .delicate internaI' microstructures. 

Trabecular structure.itself.is ofparticular interest. The original, 

dark line outlining the centre of calcification' iS.no longer present, but 



is occupied, .in .. most .. cases,. .. by:a ·narrow· canal of c1ear calcite (Plate .. 

34D) • The' remainder .. of.: the trabecu1a retains the ghost texture of ara-

goni te need1es. '. 

"Cha1k"..:.ca1cite . .,...-Those cora1s .that have not.entire1y a1tered to 

calcite a1ways .reyea1, ,.at .the .contact, .a .zone, sometimes' on1y a few microns" 

wide, of "cha1ky'! .. aragonite,. .. indicating, partial solution .of· the original 

ske1eton. The .boundal'Y .. is .. a .relative1y :straight·.line.exhibiting extensions 

or protuberances .. ahead.of .the.main frond. (Plate 34A, 34B). These 1eading, 

calcite zones :·almost. a1ways. oacur"in the . central area ,of the trabecu1a, 

a10ng the dark .. 1ine .. (Plate ,34B) w ••• Insevera1 samp1es where the. central .. 

dark 1ine has. been ·rep1aced .by:.calcite,· the structure·.is now a cana1.of 

c1ear calcite .surrounded .by·aragonite·,(P1ate 34F). Once estab1ished in 

this centra1area,a1teration .widens .outward .towards . the .wa1l'; a1ways .pro-. 

ceeded by a .thin, zone .. of '!chalk",..Thisis we11 i11ustrated".in some specimens 

where the trabecula,.is"alLaa1cite, except ·for ,the':very',outer 'part fringing. 

-t:he pore, whichis"sti11 ~"cha1k" and hasnot yet.a1tered' to'.ca1cite ". 

( Plate 34A, 38). 

The boundary between calcite and.partia11y disso1ved'need1es of ara-

gonite was studiedon·.theScanning Electron Microscope •. ', At .a·magnification 

of 6000x, there,is .no .. discern1b1e, ,void stage betweenthe.end of ,an ara-

gonite need1e and the calcite crystal. The need1es ,abut',direct1y against 

the faces of.1arge,.,ca1cite,crysta1s, ,and.traces ,of ,the ,aragonite need1es 

."-
can be detected in some calcite crysta1s. 

Alteration Process 

The a1teration of aragonite is occurring on an u1tramicroscopic sca1e 

(ultras cale) and som~how invo1ves encorporation of aragonite crysta1s into 

the calcite structure, slight1yprior to, or during, the actua1 change. 

This change may be true, spontaneousinversion .(Land, ,1967), but the 

! 
1 

.1 

! 
i 

\ 

1 
1 



128 

predominant mode .. of .. alteration. observed in aIl samples on a macro- and 

microscale •. is .one of . solution and .precipitation •. From the ab ove petro-

graphicand S.E.M .... observations. an .alternative process. based- on solution-

reprecipitation .on .. an .ultrascale. is proposed~to.account.for the observed 

microtextures. 

The initiaL.reaction .. is .·one .of .solution .. at.theboundaries .between 

adjacent. aragonite .. needles ~-creating "chalky" .aragonite.· with calcite pre-

cipitated locally .. in .. adjacent:voids. again.betweenaragonite needles. 

In this way.the.aragonite needles ,areencased.in calcite.preserving the 

microtexture. .Solution..,.reprecipitation .. of .. the less .reactive parts of the 

aragonite. now ·surrounded .by.,calcite,. .continues •. and·the' microvoidis back ... 

filled with precipitated.calcite .growing epitaxiallyon.the pre-:-existing 

large. calcite crystal. Inthisway. the·.calcite·.crystals grow as an entity 

and the microtexture of the skele.ton .is preserved. 

Other Scleractinian Corals 

The process.of.aragonitesolution and calcite.replacement observed 

in Acropora palmata.also.occurs in other coral species on.northern Barbados~ 

Acropôr'a cervicornis illustrates idèntical macro- and micro textures (Plate 

35~. 35B. 35C). Pori tes porites and Montastrea annularis . (Plate 34E. 34F) 

undergo the same .stages of alteration as .Acropora palma ta. even though 

they have slightly .. different microstructures. with trabecular elements often 

widely separated. 

These observations suggest,that. in the subaerial. vadose. diagenetic 

environment. this.sequence of alteration is widespread.in .most Pleistocene 

corals. 

Discussion 

Observations.of the process of alteration taking place in Scleractinian 

coral skeletons. now in the subaerial. vadose. diagenetic environment on 
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northern Barbados:r"have ,severa1, wide1y applicable imp1ications--(l) 

Solution of aragonite.corals is controlled by skeletal microstructure; 

(2) Alteration .. to .calcite, .1ike .solution, begins at the centre of each 

trabecula;· (3) on alargerscale, ,solution and replacement begin at the 

centre of each coral frond;. ,and . (4)..,the .calcite ,texture_does not exactly. 

mimic the original, ,aragonite.texture andmay be characteristic of coral 

diagenesis in the subaeria1, diagenetic·environment • 
. ' '. . 

l. Solution .of. the, ,coral. skeleton.is .not. a.random process' but starts .in . 

~he centre of.eachtrabecular.element. This area of.the skeleton, con-' 

tainingnumerous, .small, intercrystalline.pores, i!'l'slightly less dense 

than most of .. the .trabecu1a. Apparently,. ~.luids .initial1y·migrate through. 

the coral, via these submicroscopic pores, and enlarge.them,by solution of. 

fhe . fine crystals .With ·continued solution, . this central.axis is opened ... to. 

form a small channel,. and solution of the aragonite needles can begin. 

Aragonite needles are separated from one:another bY'preferential solution 

a10ng the crystal.boundaries, creating the."chalky" aragonite so common 

in Pleistocene .corals. l·f the .kinetics .of solute movement are such that 

reprecipitation .of. calcite will not take ,place, i.e.· .. the·water remains 

undersaturated, then the coral will slowly.be dissolved. 

2. Solution of .aragonite.wi1l.be .accompanied by·adjacent·.reprecipitation 

of calcite if the .sur'rounding .fluids .remain.supersaturated· with respect to 

calcite. The stages .. of.alteration are controlled by the reiative solubility 

of specific areasof.tQe coral microstructure. As the zone of calcite pre~ 

cipitât±ônmoves ,through. the coral, it is preceeded by one of aragonite 

solution. First, the fine.crystals in the central, dark line in eachtrabe-

culae are dissolved,:and:calcite is .precip1.tated· in the void, creating a. 

canal of clear calcite up to the edge of the aragonite needles~ The solution 
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of the aragonite .. needles .. surrounding .this calcite· then occurs. First 

by solution .between .. crystals,. .local precipitation of. calcite in these 

voids, and then.reaction.of the aragoniteneedles now encased in calcite, 

the front movesslowly .towards .the ~'edge of each trabeculae. This process 

of solution-reprecipitation on.a.microscale preserves the structure .of 

the coral. This .. two .. stage.process,. .first of solution-reprecipitation in 

the region of .fine, .microc]::ystalline .crystals, and second.themore involved. 

process of changing .. the .aragoniteneedles, results ina unique texture. 

Each trabeculae .becomes .acanal of clear calcite, reflecting the f±rst stage,. 

surrounded by.arelict,fibrous texture reflecting the second stage. Al~. 

though the fibrous,aragonite.structure is clearly a ghost texture, the 

clear, central .canal.of. the .. trabecula .is a diagenetic, and not an original 

morphological, texture (Fig. 30). 

3. Solution and recrystallization generally begin in the axial region of 

each Acropora.palmata fronde When.the upper surface of the frond is coated 

with crustose red. algae, .however, .:recrystallization.commences in the part 

of the coral.skeletonimmediately.adjacent.to theredalgae. The.axial 

portion of the coral.frond.is.made.up.oflong,. thin.trabecula with widely 

spaced, thintabulae~ .Incontrast, the.peripheral.part of the frond is 

made up of thicker .trabecula, sometimes··.unconnected, .and·accessory, random. 

sclerodermites •. .5ince .solution .or .recrystallization starts·.in the centre 

of each trabecula, .. the .axial. .region, .with .many thintrabecula; may be more· 

conducive to fiuid migration than the periphery .of the·.coral, and so may 

be altered first. 

4. Many corals fromancient and Pleistocene deposits .in.other are as re-

tain a dark axis .in .. their .trabecula .after they have beenaltered to calcite. 

This texture is not observed in Scleractinian corals, now in·. the subaerial, 
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vadose, diagenetic environment.on northern.Barbados. The reason for 

this is uncertain, .and .the prob1em awaits further study~ This texture 

may, however, reflect .. a1teration .in .another diagenetic' environment, such 

as the subaeria1, phreatic zone or deep subsurface. 

,Other .. Colonial.Ca1careous Skeletons 

Rugose.corals .•. -,.,.Sc1eractinian cora1s first appear .in:· the fossi1 re-. 

cord during t;he .mid.,.,Triassic •. An.important question in the'evo1ution .of. 

anthozoan corals .. is .the ,relation .of .scleractinians .to Pa1eozoic, rugose. 

forms. Even.though.rugose.andscleractinian corals have'many.ana1agous 

structures, several .. are·.specific,.and .the·clack·.of.corals'.in. the l~ermian. 

and lower Triassic .does· .. not .allow . us '. toc trace' the' possible" evolution from 

one ta the other~ ... It .is .thought. that:.rugosecorals·.secreteda ,calcite 

skeleton, because .. the. microstructure·cis. sO'cwell .preserved. 

As in the scleractinia, .one .ofthe basic·.structuralelements .in. 

rugosan microarc~itecture.isthe.trabecula •. In many forms these are 

monacanthine trabecula, ,·illustrating . the .same; ,dark,."centreof calcifi,.. 

cation", and fibrous .radiating .structure, .as .present ·.in·,living':sc1eractinia •. 

Other forms,. .however, .. illustrate.a .holocanthine trabecula in which the. 

axial part of .the .trabecula.isrecrystallized ta .clear':calcite, causing the 

septa ta bea .series .. of seemingly.structureless rads .of .clear calcite, 

termed "holocanths!~, .. set. in .lame110r ta fibrous .sc1erenchyme', (Hill, 1956). 

This ca1cite,."cora1.struature .is .very:.similar .to .ca1cite, ,sc1eractinian 

cora1s thathave .changed from aragonite ta .ca1cite· in .the',vadose, diagenetic 

environment. 

This textural..simi1arity .. suggests ,that . the .recrystal1ization yie1ding. 

the ho10canth trabecu1ae .in .rugose .cora1s .may. represent·,a·.Change simi1ar 

ta that in the sc1eractinia, .which .obliterates· the·.primary,dark, trabecu1ar 

axis. This interpretation yie1ds three important'conc1usions-- (1) this 
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feature, which .is. connnon .to .. specificrugose families, is, as Hill (1956) 
suggested, a diagenetic,.and not a morphologic, feature; (2) the "holo-
canth" represents the alteration .of a '·specific, microarchitecture unit; and 
(3) the skeletal.mineralogy of those corals exhibiting this texture was ara-
gonite, and not calcite. 

Tabulate corals.--Preliminary observations of certain portions of 
the tabulate, coral skeleton also indicate a tripartite division of the 
skeleton. Transverse _sections of Favosites, a connnon, Paleozoic tabulate, 
reveal an intercoralline wall structure consisting offive parts--{a) a 
central zone of yellowish, translucent calcite, (b) two thin, opaque lines 
adjacent to the . centraL zone, and .(c) two fibrous zones in which the 
apparent orientation., of , the "fibres" is .normal to the' wall (Swann, 1941). 
This description,isobviouslyagain nearly.identical to the microstructural 
elements seen in ,the ,calcite, ,Pleistocene, scleractinian corals. . J 

Examination .ofdThamnopora,. -another .tabulate coral, from the fore-
reef deposits of .Upper .. Devonian .reef complexes in western Canada, reveals 
a similar texture (Plate 35D~.35E, 35F). It is very difficult, strictly 
on the basis of·calcite microstructure, to differentiate the scleractinian 
and rugose forms. 

Stromatoporoids.--Stromatoporoids, an extinct group of .colonial 
anima1s, with a calcareous skeleton, and massive, laminar, cylindrical, or 
dendroid growth forms, were the .dominant-.reef-building organisms during 
the mfddle Paleozoic. Although.the geologic range of the enigmatic group 
is Cambrian to Cretaceous, .they.have.been divided into two groups, true 
Paleozoic stromatoporoids, .. andlate Paleozoic and Mesozoic forms ascribed' 
mainly to the Sphaeractinoidea.(St •. Jean, 1960). 

These fossils.,appear to. have a .microstructure resembling corals. 
They are built of concentric laminae, separated by transverse, radial 
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pillars. Laminaemay .·containa fine axial line of clear calei te, which 

is particularly. common.in.the.generaStictostroma, Trupetostroma, Stroma.-

toporella and-:Clathrocoilona (Stearn, 1966). Lecompte (1956) believesthe 

light colour.isthe.result.of bleaching; St. Jean (1960) suggested thatthe 

colour is inherent .and.a generic .. characteristic; while Stearn (1966) feels. 

it may be the .. j.oining, dur:l.ng .preservation, of a line of cellules. The . 

f:l.ne, ax:l.al.l:l.neo:E.clearcalc:l.te.:l.salso sim:l.lar to the clear calcite axis 

of many coral trabecula, .and so.may be.a d:l.agenet:l.c texture. 

The rod-dike _pillars .. of ·some .genera illustrate a fasciculate or 

"water-jet" .structure .made. up .of fibres .radiating upwards.and outwards '. 

froma granular.ax:l.s •.. Th:l.s is.particularly character:l.st:l.c of .Mesozo:l.c 

sphaeract:l.no:l.ds, .appears .to.be.due.to.the.growth.of f:l.brous.crystals 

from a central.axis, and.is .strik:l.ngly similar to the trabecula, ofcorals. 

Th:l.s structure has .also .been.observed-:in.Paleozoic .forms, .. particularly the. 

genera" Stromatopora, Act:l.nostroma,.· Taleastroma,. ~and ~Syr:l.ngostroma (Stearn, 

1966). 

Hartman and .. Goreau. (1966, .. 1970). .have recently red:l.scovereda group 

of l:l.ving, calcareous, .corall:l.ne sponges.(Sclerospong:l.ae) which bear certa:l.n 

striking resemblances . to . the·. stromatoporo;i.ds • The . fasc:l.culate, .aragoni te 

microstructure .la:l.d.down.by these Recent sponges iss:l.milar·in pattern to 

that of Mesozo:l.c.forms~ .. ·The fasciculate structures of Ceratoporella., 

Stromatospongia, H:l.spidopetra,Goreauiella and Merlai, in particular, 

match the microstructure of sphaeract:l.no:l.d forms very well. The aragonite, 

like coral skeletons, ·:l.s in.the.form of spherulitic arrays, often forming 

elongate, "water":'"jet'~ structures .s:l.milar .to .trabeculae. 

There is considerably.difference.among specialists as to which 

stromatoporo:l.d.microstructures.areprimary, and which are secondary. 

Similar:l.ty between the clear, central canal, surrounded by an apparent, 
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ghost, fasc'iculate structure, and the altered, aragonite, trabecular 

structure or .scleractinian .. corals, indicates that the clear, central 

canal is a secondary diagenetic feature. This suggests that mapy of 

the Paleozoic forma .may ·have been aragonite, and strengthens the possi-

bility thatthe .animals were~,similar to modeTIl Sclerospongiae. 

Ccinclusion~ . .,...,...'Xhere:.may. be .. several processes that produce a calcite 

. trabecula witha .clear,.central canal. The .. similaritybetween calcite 

trabecula formed-when.aragonite, scleractinian corals alterto calcite, 

in the subaerial, .vadose,.diagenetic environment, and the' calcite trabe­

culae of' various, .. large, colonial. organisms;. t;:hroughout ~ space : and time,. 

'suggests that the mode ·of·alteration described above may' have been. common' . 

among a relatively large.group.of.animals. If so, aragonite mineraI ogy 

in. the Paleozoic_may.have·.been,. .. asit;is .today, a dominant mineral.in 

the skeletons of massive, . colonial,reef-building organisms. 
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, 'CHAPTER 5 SUMMARY 

GEOLOGIC EVOLUTION OF NORTHERN BARBADOS 

The,broad, f1at, northern Barbados p1atform ~sunder1ain by the St. Lucy 

Arch, a north-south frending struc~ure of Tertiary strata. Those parts of 

the arch exposed by_ erosion revea1 both Lower Eocene (Scot1and Formation) 

c1astics and Middle Eocene, to Miocene (Oceanic Formation) G1obigerina- mar1s. 

The oldest be.ds of the Oceanic Formation (Middle Eocene" G10bigerapsis kug-

1eri zone) outcrop a10ng the north coast at C1uff's Bay. Pleistocene (part1y 

1ate P1iocéne?) 1imestones unconformab1y over1ie the older, Tertiary strata. 

'Theerosiona1, pre-Pleistocene surface is mant1ed by a thin, re1ative1yex-

tensive, P1io-P1eistocene 1imestone, characterized by phy110id red a1gae and 

the foraminifer Amphistegina. Fo11owing deposition of the P1io-P1eistocene 

lime$tone, and throughout most of ear1y and midd1e Pleistocene time, there 

was 1itt1e or no sedimentation on the North Point She1f. Extensive, reef-

associated, carbonate deposition did not begin unti1 iate Pleistocene time. 
'. 1 • 

Four reef complexes, of varying sizes, were deposited during separate high 

stands of sea 1eve1, about 125,000, 104,000, 83,000, and 60,000 years ago. 

On'southern Barbados, these late Pleistocene, reef complexes form distinct 

terraces, with each younger t~rrace lower in eleyation than its predecessor 

(Fig. 13). On northern Barbados, however, the younger, 104,000 and 83,000 year 

old reefs appear to have buried the 125,000 year old re~f comp1ex (Fig. 13). 

These different stratigraphie re1ationships suggest that either the relative 

rate of up1ift in northern Barbados was substantial1y lower than in southern 

Barbados, or northern Barbados was depressed fo11owing growth of the 125,000, 

year old reef comp1ex. Thus, whi1e the 104,000 year old high stand of_sea 

level rose only to within 12 meters of-the 125,000 years B.P. reef comp1ex 

on southern Barbados, the sea transgressed over the 125,000 years B.P. reef 

comp1ex on northern Barba~os. Likewise, the 83,000 year old high stand of 
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sea level did not reach the top' of the 104,000 year old'reef complex.on 

southern Barbados, but it transgressed overthe 125,000 year old'reef com-' 

plex along the northeast coast. Subsequent·to reef growth 83,000 years ago, 

the relative rates of uplift in northern' and southern Barbados seem tO"have 

been reversed. The 104',000 year .old .reef complex,' for- example, . now·.lies "at 

a higher, 31 meter, elevation alongthe northwest coast, in contrast tO'an 

elevation of "only 18.5 meters onsouthern Barbados. The complex history of 

reef development and tectonic uplift on northern Barbados'clearly demonstrates 

the hazard of using tectonically active areas·to determine'absolute heights 

of sea level rise during" the' Pleistocene. 

The upper part of the 104,000 year'old"reef complex isdivisible.into a 

reef facies and back-reef facies. Theréef facies is comparableto.the.general 

model proposed by Mesolella and others (1970) ":;with' a palmata" zone grading 

seaward (west) intoa thick, cervicornis zone. The back~reef facies, however, 

displays marked lateral variation. The dominantly.calcarenite lithologies, 

with delicate stick-coral'growth (Acropora cervicornis andHPorites porites)" 

in the centre of the lagoon, change northward to aseries·ofPorites.porites 

banks and red al gal baIl (rhodolite) calcarenites (Fig. 15). The rhodolite 

zone may reflect the more turbulent, open water conditions on' the North Point 

Shelf, north andnorthwest beyond the protecting' influence- of" the Second ... " 

High Cliff. The stick-coral zone in the centre'of the back-reef"transgressed 

westward during the final phase of reef growth, and partially covered some 

back-.reef calcareni tes. 

The 104,000 year old high stand of sea level is not recorded on the 

northeast coast, but, during the following warm period about 83,000 years 

ago, the sea transgressed over the eastern part" of "the North Point Shelf 

and resulted in the formation of an" extensive reef complexe - -A blanket. de-

posit of sands and conglomerates was laid down during the initial trans-
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gression (Fig. 14). A widespread unit of Acropora palmataand other corals, 

deposited on top of these basal sediments, appears to represent a.poorly .. 

established, partiallytransgressive, reef facies. This A. palmata-rich 

limestone'servedas a base upon which, as sea level continued to rise, .a 

true barrier-reef, wi th recognizable facies, developed. ·The· barrier-reef ". 

facies of· this complex is a 'massive !. palmata deposit: containing" scattered' 

Montastrea annularis'with"Acropora cervicornis developed in a leeward.position. 

Reef growth kept pace with rising sea level and resulted in'a wall of A. 

palmata, the exposed portion of which is up to 11 meters thick'andcontains 

huge M. annularis colonies equally high. After initial establishment of the 

barrier-reef, the back-reef was a lagoon of scattered coral heads.grading 

landward into a terrigenous s!ind. During the latter stages ofreef.growth; 

the nearshore, terrigenous sand zone was replaced by a·Porites:;':Thalassia. 

biotope. When sea level rose to its highest point, this Porites-Thalassia 

zone migrated seaward,burying the lagoon and a part of the reef facies. The 

final deposit of this complex was a narrow, fringing-reef formed inland from 

the barrier-reef. 

Sediments in and adjacent to the reef facies ofboth'reef complexes ,are 

made up of particles produced'on the reef, whereas sediment· on the landward 

side of the'lagoon is produced in ~ and shows little reef influence. Reef 

sediments are characteristically bimodal, with large, whole'fragments of. 

Amphiroa, Homotrema and pelecypods in calcilutite and calcisiltite., On the. 

basis of these larger grains, these sediments can easily be differentiated. 

from lagoonal muds. Carbonate grains in the back-reef of the 104,000 year,old 

complex are easily recognizable, whereas' thosein the finer"mottled"back~, 

reef sediments of the 83,000 year old complex are often degraded tO.micrite. 

peloids, likely the result of greater endolithic, organic activity. 
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Interesting1y,.much of the reef sediment is reworked, terrigenous, 

Scot1and Formation quartz and fe1dspar grains. These grains are abundant 

throughout the reef .. comp1exes and are not necessari1y characteristic of 

the beach' environment •. 

Increased:: la te Pleistocene . up1:Lft a10ng" the ·:northwest-.coast has _ exposed_ 

a previous1y. unreported;. .narrow,60·;OOO::year·old,:.fringing .... reef terrace. 

This young terrace;- the first .such reported 'from' the·.Atlantic··Ocean, was· formed 

during a short sea 1eve1.high stand, or borea1 period,·during··the Ear1y Wis-

consin'regresstion. Simi1ar_terraces haverecent1y beenreported from severa1 

areas in the Pacific Ocean. 

LlMESTONE DIAGENESIS 

Submarine Lithification 

Theimportance.offorming a wave-resistant structure on the reef edge, 

to enab1e subsequent deve10pment of the facies mosaic, has been stressed in 

many studies of cora1reefs (Lowenstam, 1950; Ladd and others, 1950). In 

the past, inf1uenced :by _ the .. obvious dominance of' organic . carbonate'. precipitation, 

many workers. have .. sugges ted·. tha t '.: large .ske1eta1 . e1ements . are" bound by a1gae 

and encrusting' foraminifera, .. to .. create a' strong framework. 'The' discovery of 

submarine 1ithificationin modern'. reefs (see ear1ier discussion, Chapter 4) 

indicates thatthereis mortar between the,ske1eta1 bricks, and a "very rigid1y 

bound framework' is" created .. in .. situ. The degree of submarine ·.li thification. 

within modern reefs iS.difficu1t·to assess,-however,'because these are as 

are not.easi1y studied. 

Detailed investigation.of the. interiorof theexposed,·late.P1eistocene 

(83,000 years B.P.) reef ,facies on northern Barbados, one'of" the few so in­

& 
vestigated to date, revea1s ~ presence of submarine 1ithification. Cemented 

materia1 is in the form of pe11eted crusts which drape.around-Acropora cervi-

cornis sticks and bind them together. Simi1ar crusts are a1so found in 
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association with Acropora'palmata fronds, indicating that the phenomenon 

is commonplace in several areas within the reef facies. In contrast to 

the generally horizontal, .well-laminated,pelleted micrites from subaerial, 

calcareous crust .. profiles , .. these poorly laminated crusts are very irregular, 

and surround corals only. . In thin section, the pellets from' submarine crusts 

are generally.much smaller (9 to 60 micra) than caliche pelletoids (30 to 500 

micra) and each pellet is surroundéd by a fringe of calcite cement. 

Identical, submarine,·.··pelsparite crusts, composed of Mg-calcite,. are. 

found today cementing growing Jamaican reefs (Land and Goreau, 1970). The 

presence of identical, ~·-synsedimentary cements, in both Holocene and Pleisto-

cene reefs, indicates.that.submarine lithification is not a phenomenon re-

stricted to local ·areas in today's oceans, but is relatively widespread, and 

could be expected in reefs older than Pleistocene. As the original, Mg-

calcite, pelleted .fabricsin· Pleistocene reefs on Barbados have been altered 

to calcite in. the .. subaerial environment without appreciable loss of fine 

texture, they should be preserved and recognizable in the geologic record. 

Intertidal .. and .Supratidal Calcareous Cements 

In the past, great_emphasis has been.laid upon lithification of carbonate 

sediments in the meteoric.vadose.zone, as it is in this environment that, 

through diagenesis,much.cementation. takesplace.· Less' attention has been. 

paidto those.exposed.sediments .along the coast~where salt spray instead of 

fresh water is the ... dominant pore fluide 

Throughout the world,. in the intertidal zone of modern seas, layers of 

Recent, beach sediments are cemented by aragonite and Hg-ëalcite into beach-

rock. On the.northwest coast of Barbados, the same process is apparently 

operating, but :it is .. 60,000 year old, and older, Pleistocene sediments that 

are being further lithified, by precipitation of Mg-calcite. Cementation of 
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these rocks istaking place.both in the intertidal and supratidal zones. 

Many of these sediments.have been in the meteoric vadose zone throughout 

most of their history .. and ... are .. cemented .with .calcite. New Mg-calcite is now 

being precipitated.on, and in.many.cases in optical continuity with, pre­

exis ting calcite .. cemen t •.. 

The origin of aragonite cement in beachrock is the subject of much de­

bate and controversy. An.aragonite crust, up to 1.5 meters thick, is pre­

cipitated from. evaporating .. sea spray, blown.onto the' surface of Pleistocene 

l:J,mestone along .. the .. northeast coast of Barbados. This cement. is petro­

graphically similarto beachrock cement, and its presence lends support to 

the theory. of .evaporating._seawater as one of the 'sources·.of aragonite, 

beachrock cement. 

Surficial Calcareous Crusts 

In warm, semi~arid.areas, a series of hard, calcareous crusts, and 

associated features, .. are developing at. the surface of subaerially exposed 

limestones. Surficial,.calcareous crust profiles (caliche) have been 

described in a. general..way andseveral theories have been proposed as to 

their origin·. The_petrographic characteristics of carbonate in calcareous 

crust profiles, however, have not beendescribed, and it is not known whether 

crusts rrom different areas possess similar carbonate textures. On northern 

Barbados, calcareous crust profiles are developed on the surface of Pleisto­

cene limestonesand also occur within the Pleistocene limestone sequence. 

Thus these calcareous crusts are valuable indicators for subaerial exposure. 

Diagenesisin.the.upper part.of .thevadose zone involves both alteration 

of limestone and precipitation of new carbonate. Limestones are altered by 

solution and brecciation, .recrystallization (mainly to microspar), micriti­

zation, and boring. New calcite is precipitated in the formof "flower spar", 
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need1es, and micrite •.. These.basiccrysta1 types combine .to·formthe following 

characteristictextures~~(l) cement, occurring as f10wer spar and random 

needle . fibres, .(2) _ coated .. particles, in theform of various nucleii. coated 

with oolitic.laminae.c;>f needles.and.micrite, (3).crusts, and (4) pelletoids, 

formed from both.precipitated.calcite .. and .. micritized particles •. 

These textures. are·not unique to the crusts on Barbados, but are the 

basic elements of.similarcrusts andassociated lithologies in Florida and 

the Middle East .... Since. alL.of. the .precipitated carbonate is calcite,these 

features arelikely.to.remain.little affected when buried in the.vadose zone, 

and hence will tend to be preserved in ~ncient rocks. 

Coral Diagenesis 

The diagenetic procèsses that result in the alteration of original, skeletal 

mineralogy to calcite have been little studied, due to .. the sluggishness of the 

reactions involved.and the smallscale of the textures formed. Although our 

knowledge of pastlife.forms is dependent upon fossil,calcareous skeletons, 

there is considerable.uncertainty.among many..workers as towhether the textures 

observed are .. truly .. primary,. the product of diagenesis during alteration, or 

some combination.of.both. 

Pleistocene corals.in the subaerial, vadose, diagenetic environment on 

northern Barbados.are presently approaching.equilibrium with surrounding 

vadose fluids, .. either by.dissolving.or.by.altering to calcite .. Solution of 

aragonite corals is not.a.randomprocess.but is strictlY'controlled by the 

skeletal microstructure .... Solution. begins.at. the .. centre .of each: trabecula, . a 

slightly porousarea_of.fine.aragonite~crystallites, the'spaces'between which 

may be partially.fil1ed.with soluble.organic material.Solutions appear to 

migrate through .. these.smalL intercrystalline pores and dissolve.the fine ara-. 

gonite crystallites. Following.dissolution of the trabecula axis, the surrounding 

long needles of aragonite begin to dissolve, by solution along the intercrystalline 
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contacts, thus isolating .. each .. needle .. and destroying the dense structure. When 
solution reaches_this _stage,. ,-the .. aragoni te .can .be· easily scraped away with a 
fingernail and has . a . '! chalky'-' . appearance. 

The· stages. of.alteration.·to. calcite are .also governed by coral micro-
structure. The .first .. aragonite. to be replaced is that in the centre of the. 
trabecula. Replacement. then. proceeds outward at right angil:ës from the axis 
of the trabecula,.. untilthe whole aragonite trabecula is altered to calcite. 
Replacement .never ... takes~.place .from the pore walls inward towards the axis of 
thetrabecula •.... The .final coral. texture is one of large calcite crystals •. The 
original, dark. centre of. each.trabecula ... is ··a .canal of .clear calcite, and .the. 
rest of the trabecula .displays .a .. ghost .. textureoffibrous. aragonite. 

Both solution .. and .replacement .. of .the .. aragonite,·~coral'.skeleton begin.at. 

the centre of .. the .. trabecula and proceed outward towardsthe··coral pores •. The 
similarity between the courses .. of.diagenesis not only indicates. that they 
are contlrolled. by. coral.microstructure, .but .also. emphasizes the fact that re-
placement probably .. involves .. a_solution .stage,. however small. The existence. 
of a solution stage. in. the .replacement ,process is .also .illustrated by .. the ,f ,~ "'. 

preset:lce of a zone of.partially dissolved aragonite, or ~'.chalky" aragonite,. 
often only a few microns. thick,. .between original aragonite and'final calcite 
stages of partially.altered corals. 

Scanning.Electron.Microscope photographs of the aragonite-calcite con-
tact in partially altered .corals revealed.that many of the aragonite needles 
are partially. dissolved and ':separated from one another •. These partially 

dissolved needles. can be .. traced into .the adjacent calcite rhombohedron,.. where 
they are enclosed in calcite. This relationship suggests that the CaC03 dis-
solved from between ... the aragonite. needles.may .be .. locally precipitated before 
the needles .themselves are altered, thus preserving ·the ·.microstructure of 

. the coral. 
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Many large _ colonial. organisms,. (.Rugose cor aIs,. . Tabulate .. corals. Stroma-. 

toporoids) in.the .. fossil .record. exhibit similar calcite fabrics. These cal-

d,te fabrics suggest ... thatoriginally these .organisms may have been aragonite, 

The manner in.which.these Paleozoic organisms .changed· from aragonite to cal;.,. 

cite may have .. been similar·.·to .the.process outlined above for late Pleistocene 

corals now.in the subaerial, vadose, diageneticenvironment. 
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PLATE 1 

GENERAL PHYSIOGRAPHY 

_ .... _ ... ~ .. __ . __ .. ______ -' ...... ~R_~··.~'~_. _____ _ 

A. Area1 view of northeastern Barbados, 100king north~northwest •. The 
major escarpment inland (2) is the Second High Cliff, at the foot of. 
which lies the broad, re1ative1y f1at, North Point She1f. This part 
of the she1f ismade up .. of 1imestones.that .were.deposited.as a.reef 
ccimp1ex about .83,000 .. years ago, .when the Second .High .. C1iff was.a 
series of sea c1iffs, simi1ar to those at the.right. The who1earea. 
has since been up1ifted, .exposing the .83,000 .year.o1d .comp1ex, .. The 
bay in the 1eft foreground.(G) is Gayls Cove and the bay to the right 
(L) is The Land10ck. .. 

B. Area1 view of the west coast of Barbados, .near.Speightstown,looking 
east (the ocean .is just .out of .viewto the10wer .1eft) •. Arrows 
indicate the First .High.Cliff . (bot tom). and .Second .High .C1if:f (top)... . 
.The cliff face, with .bare .outcrop .and .scattered·.trees, .is .main1y . the­
reef 'facies, whi1e .the .cu1tiv.ated fields overlie the' back-reef facies 
of each comp1ex. 

C. Second High Cliff (2) near .Spring· .. Ha11 . Eactory •.. Here .a·.younger .terra·ce 
(centre, 1eft). .has been.deposited.against.the .1eading edge of the 
Second High Cliff (Terra ce F, Fig. 9). 

D. Sea c1iffs, about 10 meters high, a10ng . the .. northeast .coast .near Waites 
Bay are cut into a back~reef.1itho1ogy .of the.83,000 year.o1d reef com­
p1ex. Here cora1.heads (dark.irregu1ar.patches) lie in.a.light cal~. 
carenite matrix •... The .upper.meter.or so displaysa well-developed, ca1-
careoue cruet profile. 

l 
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PLATE· 2 

.,. TERlrŒARY(·,~"PL.Id,:"p.~Er,SŒeCENE ~T·RATA 

A. ~ddle EClcene; 0ceani.c'.Formaôl!:Loa, Glob:Lger:Llla .. chalks.a.t C1uff ~ s B~y. 
The numerous dark· ·.beds ".<·.rlch. :Ln, terr:Lgerious·; sand'·allcL.s:Ll t, may re­
present ,volcan:Lc ; ash.·~falls._(Sènll:, .. 1946). .• ~. ,These..,;.bed1!l-,,:display . small 
scalefau1t:Lng(uppe~ ,left). '. . 

B •. Lower' EO,cene; Scotland .. Format:Lon, saD:dstones .near·,: Sprin$"Hall Factory 
(local:Lty·. SR' 30)~." Fine"':gra:Lned.,.·.poor+y 'l~ ~:L'f1ed·;,sands·~-cClnta:l.n many 
th:Ln :Lrregular >micr:L te lam:l.rit;Le. . 

C. Contact· between··M:l.ddle;,EClcenei, .. 0ceanic"Format·:LQn., .... cQ;a1k.s~.(bottom) and:' 
Pl:Lo-Ple:Lstocene,.phyllC1·:Ld::.al-gal:l:Lmestones..:.(,tap).:at.·Cluff'e Bay. 
Irregulàr·nsture·' of'. the;eCln.tac.t~:Ls :/:L11us tz:at:'ed;~b.y.;.an~~Qs;Lona:l . channel 
c~t . :Lnto . the·:.chalk~. (a'J::rows·::L-nd:Laate·~ehanne1::.boQucl:m:±es,;'..;,tme, bottom .. of . 
the channel iS·jtÏ:st·.·out of· V:l.ew) • . .' ".' . . 

. . '.. ..... 

D. Contact··.betwe~n ·Low.ell'·,EClcei1e.:,.".Seotland· .... E(n~lIlat;f.Cl)J;~,.,_sanda,t:Emes· and. Pl:Lo-
.. P1e:Ls tocene.~phY'1l;oi.d.~a;lgaLd:Lmes.t:e~es;:.:,(a). ;.near,Spr.Lns,,,·Haa.-l~Fac tory •.. The 

l,:Lmestones' are'iilnde~lai.n:;by~a., eanglome1;ate:whose.:.bcn,q,ders::. (b) . ·are· madè 
up of ·Scotll;lnd:·Format:Lon:.and~ .. whase.: matr:l.x. Cm) ·,is.m:Le·r:U:e,·.wi. th:scattered 
foram:Lnifera. . '. 

E. ·Plio-Ple:Lstacelle,:,:phy.ll.li)·:Ld.:::'aJ.gaL .. ,l:Lmes.tene.~.(,locaJ.d.,ty_;.,SB:"I9:}.:.~WIl.th.·prom:l.Iient 
band:1ng~""Di~eter::of: :the:·.penny.:,.scale :Ls. 2 ·cm. 

F. WeIl' bedded' sequence,af, ..Amphd.s.tesina .. calcSl:en1..te..-;a,t: .Cluff' S· Bay. 

j) 

\ , 
1 

1 

1 

1 

1 

1 

! 
; 
1 
i 





.. ~.~ . 
~,~~ta:i:'~' ~"'~/ 

; "::~';"'.J<'l",":,.: .~:; . 



158 

PLATE 3 

PLIO-PLEISTOCENE ADGAL AMPHISTEGINA LIME STONE 

PhotoDiicro graphs· .. ;, ... · . Plane .Pëla.rizedLigh t 
,~ . 

[., 

A. Phylloid algal limestone. A cross:\~ection of crustose red algal 
plates which appear as dark bands in', thin section. .Fracture·. at 
upperright cuts bot1:î foraminiferal inicriteand. sev.eralalgal plates. 
This fracture is filled with the same pelsparite' as .. bè.twe~n. thé plates 
:Ln the lower part of thephotograph,. suggesting· .early,.lithification of 
the:foraminiferalmicrite:(Sample M35 B). 

.B. EnlargemeI!-t'of lowerright hand .areain.·above· .. thiI!-,.s~ctièn:.illustrating . 
pelspari te' betweén' the: cruBtc:>se;.~ed al gal plates • . 

C. Phylloid algal limestone·. Excellent; geopetal texture" .. occursbetween 
algal plates. Each.void·.is rimmedwith, a thincrust .(20 micra?) of 
calcite spar. cement".which issucceeded:by a,.partial:.~:detr.ital fill of 
fine.pellets (SampleBl3 B). . 

..... D~ Phylloid. al gal limes tone, calcareni telens. Tbe .l~rge .intraclast at 
cen'tre is composed of pelsparite, identical to thatbetweencrusto/?e 
red al gal plates in (B) above, sug~;esting .early lithification and' 
erosion. 

E. Amphistegina calcarenite. The biomicrite between.whole foram tests 
contains scattered sand sized fragments of. crustos'e .red . algae (centre) 
(Sample C24 B). 

F. Amphistegina calcarenite. The biomicrite between·large lentiform 
Amphistegina tests contains .many planktonic .. foraminifera:and crustose 
redalgae fragments (Sample SG 9) •. 
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PLATE 4 

60,000 YEAR OLD REEF TERRACE 

A. Western side of .C1uff'.s.Bay.~ .. 0c~anic.Eo1:ID.ation . (white). .at .1eft .... . 
centre .is .over1a:in .byP1io-:E1eistacene .. 1imestanes ~which. make .up ... ; .. . 
most of· the dominant· .30 .. meter .high .c1iff •.. The .p1atform .at.right . 
centl:e· (Gou1ding'.s .Green). is.a separate reef terrace formed about 
60,000 years aga. 

B. Point Harrison .aa .viewed.from·.Norse '.a .. Bay: •.. Note .notch·. cut .into .. 1ate· 
.Pleistocene limeatones .on .the promontory. •... The .floarof .this .notch 
lies at about .the .aame .e1evation .(about .. 3 .meters) .as .the 60 .. 000 
year o1d reef terrace1imestones:of.Norse's Bay •. 

C. The 60,000 year .. ald.reef_terrace.is .. deposited .. upon.a hench.cut .into .. _. 
older .Pleistocene _limestane. (see ~.Eig .. :.11). ...... On .the .1andward .. side .. of . 
this bench, .a .. notch .. (i11ustrated· .. here) ... is ~cut .into.the .1imeatone ... 
cliffs. In .thia .examp1e .at .Gou1ding'.s.Green the notch ·is cut .into 
Plio-P1eistocene limestone •.. 

D. Scattered mollusc . fragmenta . (white .specks) :'in coarse. to .medium grained .. 
ca1carenite of the 60~000.y.ear.old reef .terrace.at Goulding's Green. 
( Camera lens cover 5 cm. in diameter). 

E. Large columns of Montastrea annularis,. connnonly found in. the reef 
facies .of .modern and.Pleistocene reefs, forming the northern edge of 
the terrace.(Hammer scale). 
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PLATE 5 

83,000YEAR OLD REEF COMPLEX 

BASAL STRATA 

A. Sea cliffs,. about .. 20 "meters.high,. .forming .thenorthern .shore ,of, , 
Gay's Cove (see.'21ate .U) • . "Late .Pleistocene . (83 ~OOO .year ,.old). .reef. ' 
limestones ove1:1ie .tilted,. we11';"bedded" .Upper .Eocene.(Qceanië ,.Formation).", ' 

, o.' G10bigerina mar1s . that .dip.eastward"at . ahout .40 ,., .. The ,.dark .. colour ;,of , ' , , 
the 10wer reef .. 1imestones .is.due .to .the'_re1ati-ve1y .1arge .proportion of 
reworked Scot1and.Eormation.terrigenous.grains.in the matrix between 
cora1s. . The, contact. is .irregular •... , . 

B. Cong10merate .at .the .contact .:.il1ustrated.in . (A) .•. '.White .bou1ders .of .' ... , 
,Oceanic Formation·.are .surrounded by' a dark'matrixof':reworked Scot1and 
Formation sands. 

C. Contact. (arrow). .between .83 "OOO..;y.eal: .ol.d_ (upper). .and '.125 ~OOO .year .,0Id"' ... · ..... " 

D. 

E. 

(lower) reef .complexes' .:in _the .20..meter .~cl:ii:fs .at'~Anima1 ,.E1ower.,Bay ... .. 
,The ',y.ounger 1imestones .are .not .as .. we1l..1ithified .as .those .be1ow .and, ' 
'so weather rla'cessi v.e1y, yie1ding a' good· physica1 expression of the 
contact. 

Basal lithologies ,of. the .83,.000 .year .01d.1:eef .compl.ex .at '.The Landlock ..... _ . 
A thin, ,basal .cong1omerate .is.ove1:l.ain .by."heads .of',MoIitàstreà :àIiIi1i1ài"is ' 
which ,in turnare covered.by, a', we11-bedded , ,terrigenous .• sand •. o .• _ .•• 

Contact, at hammer,. .. between·:the·.basa1; ··,Acropora'.palmata' 1itho10gy. and. 
overlying ,back..,.reef .facies,ai;: ,The '.Landlock . (see .Fig. :.14). ; .Crustose red 
a1gae thick1y,encrusts,the.upper surface of the coral. ' 

,F. Upper surface.of a 1:imestone.boulder.in'.the.basa1.conglomerate,of.the. 
83,.000 cyear .01d.reef .comp1ex.:.. .This .boulder.has .been .extensiv.e1y. .. bored _ ", 
by the spongèCliona .(note.numeraus .bareho1es). .indicating,..as .daes ,.the 
encrusting red .a1gae .in ,(E)." a .period of non-deposition. Penny sca1e 
is 2 cm. in diameter. 
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PLATE 6. 

REEF FACIES P ALMATA ZONE 

A. A large ACl:opora palmata .colony.growing .. at: .. a .depth~of about .three 
meters in the reef .facies of the.Florida.reef tract. Each extended 
coral b ranch is concave. upwards • 

B. Cross-section of .a.large :Acropora .palmata .b1:anch~ .. or· frond, .. in. the. 
reef facies of _the .:e.leistocene~ .104~000 .year .old,. .reef .. complex ..... 
(locality FR .CS1) .•.. '!he .large .central.coral·.is .conca"'\le .upwards,. .indi- .. ·. 
cating .thàt it .is .. probably .in .growth .. position •.. The.two .c~~als .at . 
the .right, however, are .concave down,suggesting·theyarenot in 
growth position. 

C. Massive accumulation of Acropora pàlmata fronds inthe.barrier~reef 
facies of the 83,000 year old complex (locality AF). 

D. Interbedded Acropora palmata (a~·:t:n â-dominantly.Acropora.cervicornis 
(b) reef facies. River Bay. 
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PL,ATE 7 

SEDIMENT BETWEEN ACROPORA PALMATA FRONDS 

Photomicrographs - Plane Polarized Light. 

A. Large whole.sticks of the articulatedred.corallinealga Amphiroa 
(lower half) and scatteredblocky .. coral grains. (upper right) in a 
calcilutite matrix, Calcite •. (Sample CD 2). 

B. 'Large whole. tests of the foram.Homotrema.(left and lower right) in­
a calcilutite matrix. Calcite.' (~ample P25 A). 

C. Calcilutite matrix betweenlarge skeletal .grains illustrated in (A) 
and (B). Clear bloèky calcite hasbeen .precipitated into the.voids 
created 'when, fine aragonite allochems '(m~nlycorals) are ·dissolved. 
(Sample FHD 3). 

D. Calcilutite )natrix between . large skeletal, grains, •.. One relatively 
large area (lower left) andnumerous small areas of:blocky calcite 
are. the result of calcite precipitation into voids ;created by the· 
solution ,of aragonite allochems (mainly corals) •. Contrast witli the 
weIl preserved textures of the smsll Homotrema fragment (originally 
Mg-calcite) above the large area of clear clacite. (Sample FHD 2). 

E. Coral calcarenite, with a relatively .uniform .. grain. size, in which eacli 
grain is nowcalcite. (Sample AFD2 B9). . . 

F. Well.sorted 'coral calcarenite with.ac·cesso.ry dark .. gra:Lns··of art1.culated 
. coralline . algae. . .. These coral· grains are .. still aragoni te. and h;ave not 
yet altered to calcite. (Sample WB5 G2). 
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PLATE 8 

REEF FACIES P ALMATA ZONE 

.An AC1;"opora .. palmata·..colony.:~in.the·.83;.OOO ~year·.~old .t:eef complex,.· .... . 
. encrusted with'red .algae.alld boredby t;he .. date·~mussel :Lithophaga ... . 

B. Acropora pa1mata.fronds .:Ln~the 83,OOO·year .. old·reef·complex, viewed 
from the base. 

C. Palmata zone off the .north .. coast.of .Jamaica .. ,:eear .'!ree .. Bottom) ..... 
The.floor .b.etween .coral.colonies,. .at.a .depth_of .about··.6 .meters, .. is. . .. 
littered with large, often overturned~'brokeIi"Acropora 'pal11iata branches. 

REEF ·.FACIES.:- :'MONTASTREA ANNULARIS 

D. Sea cliffs,. .abo.ut .. 12 .. metera .high, .. ,forD1Ïng .. the .. northet:n side .of ,The ... ' 
.Landlock~ : .The ,large·~Montastrea:~annÙlà.ris,~olo.ny:·:occupies ',most ".of ...... : ...... 
the .cliff .and .separates:the.ha1:rier-:1:eef ~ (.righ t).·~ ancLback ... reef .. Ueft). '. 
facies. This· co1ony. .is .over1ain·.by.·:a· Pori tes :~porites~rich.:l.ithology. 
(see Plate 14) upon which are developed.surficial.calcareous crut;lts •. 

E. Contact between .1arge .Montastrea .. annu1aris . '1eft) .and ·.massiv.eAcropora 
palmata . (right). .1ithologies . (locality B25). •.. Sca1e divisions on range 
pole (lower.right) are l footwide. 
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PLATE 9 

MONTASTREA'ANNULARIS 

A. Large :Montastrea .. annu1aris .. calony:, .ahaut;2.5 .cm .nde,. ,in .the .reef .. 
facies, . in about .3 meters .of .water off the north.coast· of J'amaiea 
(Peàr. Tree Bottom). 

B. Tall,' columnar Montàstrea .. alinularis :surrounded .. bY :Acropora cetvicàrrtis. 
in.thereef facie:;of.the Pleistocene, 83,OOOyear old,.reef complex. 
(locality B25) •. 

REEF.FACIES· CÈRVICORNISZONE 

C. Profuse growth"of .Acropora .cervicornis ;in .abou~.lO-meter.s ~of.water . 
off the northcoast of J'amaica (Discovery. Bay).,· Diver .. at,. top p:rovides 

. scale. 

D. Cervicornis zone .in the .barrie:r:"reef· .. faCies.of .the·lneistocene, .. 83~()OO .. 
year .. old, reef .complex at.River Bay , Barbados .' Scale. diviaion on ·r.ange 
pole is 1. foot.'. . . . 

E. CEirvicornis z~ne in .. the,83;OOO·Year.old.reef.complexat.Little.Bay, 
Barbados. Helre sticks .are weathered.out of. the poorly lit:hifiedmat,rix •. 

F. Large' Acropora cervicornis .sticks ,to.the.right.of .the .Montast·~ea ... 
annularis colony in Plate 8D. Compare the size of the coral sticks 
tO'those in 9D: 

() 
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PLATE 10 

SEDIMENT BETWEENACROPORA CERVICORNIS STICKS 

Photomicrographs .,. Plané .Po1arized Light 

A. Large rods of the articu1ated cora11ine. a1gae Amphiroa (upper 1eft) 
in amatrix of very fine coral andother accessory grains. Calcite. 
(Samp1eSD 1). 

B.Fine· grained matrix of samp1ei11ustratedin (A) •.. Clear b10cky 
calcite hasbeen precipitated: into.voids created. by the solution 
.of· aragonite coral fragments. 

C. Bi1l).oda:l. calcarenite .made·.up.of large·whole:Amph;l;roa rods (lower 
left) and·biVl;l1'veparticles·'in. a. matrix of:f~ne'.grained coral 

. fragments. (Sample. SD 1).' 

D. Bimodal calcarenite C?f large·Amphil.·oa ,(right)ina.matrix .of fine 
gr8.ined. coral fragments and. miliolid foramtests •. (Sample P13 D). 

CRUSTOSE RED ALGALNODULES 

Photomicrographs - .PlanePolarized Light 

E.Redalgalballcomposed of a central core of crustose red algae 
(a) encrusted bythe foram-Gypsina.plana (b)which .. is .. in turn coated 
with more crUstose red algae (c). (Sample M23). 

F. A brokèn fragment: of. crustose, red algae· encrusted by the foram 
Gypsina plana. (Sample M19 A). 

) 
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PLÀTE li 
, . . 

83,OOOyEAR. OLDREEFCOMPLEX 
. - _. .' 

BACK.-'-REEF. FACIÊS CORALS (TRELANDLOCK)' 

. '. . ~. ~ .'-' ~ '-:. .,". ::.'~ . - ,: ;. '.' . . .. , ~ '-.' . ' .. " .' . .'-,". '" B. ". La'rgê'~'rounded"head:~of:Montast1:ea,:anIiu1aris ~._i ~25 ... meters;_high; ' ... ··(côui.p'à~e.,with,E1ate:9B); surroundèd;::~nd"covered.with .smaU - . . indiV1dua1··· "hat~shaped" colonies: in·growth .' posi tion. , 

C. 9l:(?ser .yfew of .côltnnrÙr "hat-shaped··.colonies or ,MoIitastrea annu1aris.·.· 

.D~Morifaàt~ea:.;.~nnula!~is ~in_the._·~hat-:-:shapêd·~_growth.form,ata depthof abQtit.4~S;meters;in,the.back~reef.ôf:.the.F1orida _reef' tract •. ' Com'::' parewftb. ·thePle:tstoceri~.forms#l (C)~ . . , 

. E. I.ow~·:encrt1SdIig, .. sheet'"'like:growth ro'rIIl of.Morttastrea _ann111aris, . . O.25:1ni:!tei:Sh:i.gh. Smal1,' attachêd' gastropods are living·Littorlna. 
F. ' Abund~Ilt 'coraU:i.tesof E~smi1ia fastigiàta •. / 
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PLATE 12 

83,000 YEAR OLD REEF COMPLEX 

BACK-REEF FACIES OUTCROP OF VARIOUS SEDIMENTS (THE LANDLOCK) 

A. Bioturbated terrigenous .sand •... Note the .. re1atively ~horizonta1 1aminae 
disturbedby burrowing .aniIila1s (see Plate SD). 

B. Burrows preferential1y cemented by carbonate in the terrigenous 
sand zone. 

C. Transition between coarsebasa1 ca1carenites and mott1ed back-reef 
sediment. 

D. Typicalmott1ed lithologies of .the .. back~reef .. facies •... Dark .. sediment .. 
is .terrigenous .. sand ;and the white mott1ed materia1 .is fine grained 
carbonate. 

E. C1ose-up view of mott1ed :texture .in vertical.cross-:section .. showing .. the .. 
more resistant.tubular and cross-cutting nature of the. white carbonate 
mott1es. 

F. Horizontal surface section :i11ustrating .the .internal.nature of .the ... 
white mottles •.. Each .. mottle .. is .lined:.with . fine .white .. carbonate .and. 
fi11ed with .slight1y ·_coarser .very .fine .grained.calcarenite.These ... 
.mott1es may represent .. the .holee .of .borrowing .animals . (perhaps .. the 
shrimp Ca1lianass~)that were later.filled with fine carbonate. 
Penny scale is 2 cm in diameter. 

) 
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PLATE 13 

83,000 YEAR.OLD REEF COMPLEX 

SEDIMENTS.FROM BASAL PART OF COMPLEX 

Photomicrographs Plane Polarized Light. 

A. Large, elliptical intraclasttypicalof the matrix between larger 
clasts in the basal conglomerate. (Sample GC A2). 

B. Calcarenitematrix.between.largecorals.inbasalunit.(see.Plate. 
SD) composed of.large:Homotrema, .red.algae (dark.grains) and various 
foraminiferal tests. (Sample GC B4). 

SEDIMENTS.FROM THE BACK-REEF FACIES 

Photomicrographs Plane Polarized Light 

C. Terrigenous sand zcin~ •.. Unlithified· sand made up .of reworked .quartz 
and feldspar grains .derived .. frpmLower .Eocene •. Scotland .Formation.and 
scattered carbonate.grains •. Sample from area illustrated in·Platel2B • 

. (Sample L 7) • 

D. Poorly lithified calcareous .sandstone_made .. up of numerous.clear •. angular • 
. terrigenous grains .and.scattered.dark •. unidentifiable.microcrystalline 
carbonate "peloids". Sample from area illustrated in Plate·l2A. (Sample 
L8) • 

E •. Poorly lithified .sandy .calcarenite .. with .. numerous .clear . terrigeI\ous .. 
grains and matrix.of .dark .. microcrystalline grains, .some .of .which 
(upper right) .possess .. the.remnant .reticulate . structure .of .red .algae .. 
This is typical.of the.sand between the white mottles in Plate.12D. 
(Sample Ll9). 

F. Fine pelleted microsparite in the white mottles of Plate l2E. 
(Sample L19). 

_J 
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PLATE 14 

83,000 YEAR OLDREEF COMPLEX 

BACK-REEF FACIES 
1 

PORITES~THALASSIAZONE 

A. Cliff section, .10 .. meters .high, .. at.Lay:cock .Bay, .. in .which.a .massive ... 
. Acroporà '~à1màta .Htho1ogy .isoverlain .by. .à;PcirUes :porUes .litho1ogy • 
. The who1è· section iS'capped by subaeria1~ ca1careous crusts.. . . 

B. Horizontal surface of thePorites-Tha1assia zone with a profusion. 
of smal1,fragmented, coral branches (locality RB CS). 

·C. Po:tites-Tha1assiabiotope .in .about lmeter.ofwateroff Tavenier 
Key of theF10rida reef tract. Tha1ass:i.a.blades are 10-:15 cm. high. 

D. Small knobs ofMontastrea.annu1arissurroundedby manyfraginented 
Poritesp01:'itessticks (locality Ll2, Barbados). 

E. Several large Strombusshells,iamong:numerous:P.orites.porites frag-· 
ments (loca1ity B2s). 

FRINGING-REEF FACIES 

F. Road cut exhibiting.a .typical .Acropora .palma.ta .deve1opme~t .. with .. 
large but relatively .fewscattered·Acrcipora·pàlmata branclies 
(locality B14). ) 

l 
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PLATE 15 

83,000 YEAR OLD·REEF COMPLEX. 

SEDIMENTS OF THE :POR~TES~THALASSIA ZONE 

Photomicrographs Plane Polarized Light 

A. Scattered, finegrained, .skeletal fragments in a pelmicrosparite 
typical of the.fine grained sediments in the lower portion of the 
zone. (Sample RBl A2). . 

B. Calcite coral grains ina. micrite matrix.· (Sample RBl B2). 

C. Coarse grained calcarenite.composedof articulate coralline red .. 
algae and whole valves of the pelecypod Chione cancellata. (Sample 
:te 5). 

D. Coral calcarenite composed mostly of aragonite coral fragments. 
(Sample RB C6). 

104,000 YEAROLD REEF COMPLEX· 

BACK-REEF FAC~ES SEDIMENTS 

Photomicrographs PlanePolarized Light 

E. Well cemented coral calcarenite withnumerousmicriteenvelopes 
which originally enclosed coral grains.but.have.since been dissolved 
and the voids filled with.calcite. Small .intraclasts.are made.up 
of mud, planktonic foraminifera and the encrusting foraminifer Bomo­
trema.(Sample FW 7A). 

F. Coarse whole skeletal ,grain!,! .ty.pical .of .back-,reef .sands .. adj acent . to 
the reef .facies., These grains.are.Bomotrema (left), pelecypod 
valve (centre)' and Amphiroa (right). (Sample M52). 
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PLATE 16 

104,000 YEAR OLD REEF COMPLEX 

BACK-REEF FACIES SEDIMENTS 

A. Ca1careni~e·a4jacent to the.palmata zonewith differentia11y cemented 
tubes •. 

,B., Acropora, cervièornis .S1;i,cks .in ,the .. stick ... cora1 ~zone "of .the back..,.reef 
facies surrounded·.by ,fine.grained ca1careniteto 'ca1ci1utite matrix., 

C. Contact. bet;.ween .125,.000~ .year .. old'.reef,.camplex .and:'.104~000 .year .. o1d .... 
reef ,camp1ex ,in .a .. road .. cut ',east.iaf.Et:}!er'.s:.We11.Bay . (loca1ity FW .. 12). 
Exposure .of the ,:under1ying .. older.reef ,.camp1ex.~ to '.subaeria1 .. weathering 
priar ,to .buria1 ,created':.a .. crumbly .limestone'~simi1ar .. to,that.seen_on .. 
the ·,nartheast .. coast~today .. ~ ,The:overl.ying .younger ,limestones ,are, 
we11~laminated ca1carenitessimilar'to:modernbeach·sands., 

D. Cro,ss .bedding' ,in', the ,Pleistocene' beach" ca1carenites.i11ustratedin. 
Plate 16C' (locality A3A). . 

E. Porites bank'zone., (loca1ity',M29)~ :with .numerpus:;vertica1,Porites, .. ' 
porites stic~s;, a11 in,.growth:.position.' :.Contrast· with. Plate 14D.", , 

F.Porites porites.bank' .. in.about .. 5 .. meters',of',water:,off"the west coast' 
of Barbados. Compare withP1ate 16E. 

) 
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PLATE 17 

104,000 YEAR OLD REEF COMPLEX 

BACK-REEF SEDIMENTS 

Photomicrographs Plane Polarized Light 

A. Coral calcarenite with accessory .red algae and molluscfragments. 
Although most clear coral.grains are calcite, several aragonite 
ones remain unal:terëd (a). '(Sample M52). 

B. Biomicrite from stick-coral zone of the central back-reef illustrated 
in Plate l6B. Areas of clear, blocky calc~te result from the precipitation 
of calcite into voids created by solution of fine aragonite allochems 
(mainly corals). Accessory grains are.planktonic foraminifera and 
micritized peloids. (Sample FW33). 

C. Fine grained foraminiferal calcarenite adjacent.to cross-laminated 
beach calcarenites. (Sample FW34). 

D. MediUm grained calcarenite similar to (C) but from.fine laminae.in 
cross-laminated beach sediment illustrated in Plate l6D. (Sample 
A3A-a). 

E. Coarse grained calcarenite dominated by the.foraminifer.Amphistegina 
and well-rounded fragments of red algae and intraclasts. (Sample FW12). 

F. Sediment from the coarse laminae in the same cross-bedded beach 
sand sample as (D). (Sample A3A-b). 

) 
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PLATE 18 

SYNSEDIMENTARY SUBMARlNE LITHIFICATION 

A. Sticks of Acropora cervicornis(a~.surrounded.and.cemented.by a 
lumpy .crust .of _pelsparite .(b) •.. Sample .from_reef .facies .. of living .. 
reef.off the north.coast.of.J.amaica.(courtesy.L.S •. Land). The 
pelleted crust is. composed~of .. Mg..,.calcite ... 

. B. Sti.cks .of .Acropora :cervicornis -surrçuoded .by.a .lumpy .. crust of .grey .. 
pelspari te . (compare _with .. A).~ ... _SaJI!.ple .. from.:.the _reef _facies .. of .. the . 

. Pleistocene, .83,000 .year .ald, _reef .. complex .. an .. the _nartheast_coast .of 
Barbados •.. The· crust .in .this .sample.is composed .of .. calcite. Penny 
scale is 18 mm diameter. (Sample RBD). 

C. Cut .. slab of the .. Jamaican.crust .illustrated .. in·.CA) .. with .irregular .. 
laminae in the.pelsparite.surrounding.white:Acropora·cèrvicornis 
sticks. Photo is 2 cmwide •. 

D~ Cut .slab .af a.brown, .11.1mpy.crust .with_irregular .1aminae .. surrounding 

E. 

F. 

an Acropora cervicornis .. stick.fram.the.reef.facies.af .tbe"Pleistocene, 
. 83,000.year .. old, .reef .. camplex .on .Barbados.. .The·.pelsparite"in .this . 

crust is Mg-calcite •. Photo.is 2 cm.wide. (Sample RB.C4) • 

. Palmata zone, 83,000 .year .. old .reef_camplex~ .nartheast .coast, .Barbados .. 

. (locality .AF D). •. The .lower .. surface .. of each coral'frond is coated 
with a pelsparite crust. 

Enlargement .of .central.caral..frond.in . (E). .... Arraws .indicate . the .base. 
of the caral, . the .sediment .belaw .othis .is .a .well..,.lithified .calcite .. " .. 
. pelsparite crust. .The .. elliptical.baring .of .othe .date'.mussel :Lithophaga .. 
cuts both.the .coral.and .cemented.crust,· suggesting·.pelsparite lithi­
fication occurred early in the coral's history. 

) 
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PLATE 19 

SYNSEDlMENTARY SUBMARlNELITHIFlCATION 
~ 

Photomicrographs -l Plane Polarized Light 

A. Mg-calcite pelsparite. Lithified .crust .cementing ;.Acrcipora ·cervi-. 
comis sticks in the living.reef .facies off Discovery .. Bay, Jamaica. 
Thin section from sample.illustrated in Plate l8A. 

B. Enlargement .of the . th in section .illustrated .in .(A). .Eachirregular. 
micrite pellet issurrounded by an isopachous fringe of dentate Mg­
calcite. 

c. Mg-calcite pelsparite. Brown,.well..,.lithified .crust .surrounding 
Acropora cervicomis .s.ticks _in. the reef .facies .of .the .Pleistocene, 
83,OOO.year old complex.on·Barbados" northeast.coast.· Thin section 
from sample illustrated in Plate l8D. 

D. Enlargement of thin .section .. illustrated .in .. (C).. .Each .micrite pellet 
is surrounded.by.an.isopachousfringe of dentate Mg-calcite similar to 
that in (B). 

E. Pelsparite. Well-lithified .grey .crusts .. surrounding .Acropora .. cervi- .. 
co mis .sticks .in .the .reef .facies of .the .. P.l.eistocene, .83,OOO .. year. old . 
. complex on the northeast .. coast .of Barbados. Both pellets.and cement 
in this sample are .calcite •. The calcite .spar .is .. coarser .. than .. in .. (B) 
and (D) andallvoids .between .. pellets .are completely filled with 
spar. (Sample AF D2 B3). 

F. Pelsparite. Thin, ... well...,lithified .. crust .at.the .. base:.of .the.Acropora. 
palmata .frond .. illustrated. in .P.late l8E~._ .. '!he .pellets .are .. similar_in ...... . 
size and distribution.to.those.around:Acropora:cerviCci.rnis.sticks 
illustrated in. (E) •.. The .voids .are also .. filled .. with .clear calcite, 
suggesting that these crusts may be lithified early as welle 
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PLATE 20 

INTERTIDAL LITHIFICATION 

A. Norse's Bay. 60,000.year oldreef .terrace .. just.above .sea .. 1evel..at. 
the foot of older, .P1eistocene .1imestone .c1iffs, .obscured.by .trees •. 
The vertical rod (arrow) on the terrace .is 1.5meters .high •. The. 
partia11y 1ithified, Pleistocene .sediments .. which .form the terrace 
are continuous1y bathed in salt spray. 

Photomicrographs Plane Po1arized Light 

B. Fine grainedca1carenite.between.numerous.sti.cks.of:Acropora:cervi,..... 
cornis direct1y .under1ying .. the ... 60,.000 .year .old .reef .. terrace .. (see 
Fig. 18). Large. voids .. are .1ined .with .an .isopachous .crust of c1ear .... 
calcite up to 30 .micra .. thick •.. _The .remainder _of _the .v.oid .. is fi11ed .. 
with ca1ci1utite which .. stains .red.with .C1ayton .ye11ow,. .indicating .. 
the presence ofMg.."ca1cite~ .. This .suggests.that ·.the .void .was .fi11ed. 
during deposition .. of .the .over1ying .60,000 year old .reef .sediments, 
which are still Mg-ca1cite-rich. (Samp1e SB lA). 

C. Fine grained .ca1carenite.fromthe .same .. 1itho1ogy .as ,.above~ .. Grains. 
are most1y fragments .. of . the .articu1ated.cora11ine .a1gae . Amphiroa 
and .Jania. Each .g-r:ain .. is .surrounded .byan isopachousrim.of c1ear 
calcite about 30 micra thick. (Samp1e N 6A). 

D. En1argementof the .thin .. section i11ustrated .in .. (C) •. The c1ear .. 
. ca1cite .rim .cement .is succeeded._by .a.second .stage .. of .slight1y .darker . 
cement •.. This .second .stage.cement .. stains bright red with Clay ton 
ye110w indicating Mg~ca1cite. 

E. Coarse ca1carenite.of.we11-rounded crustose.red.a1ga1 fragments, 
typica1 of the sediments in the 60,000 year old, fringing··reef .terrace. 
This samp1e is from the upper part of the terrace, in the spray zone, 
and exhibits two stages .. of carbonate cement •. The grains are cemented 
together by c1ear drusy.ca1cite, the outer ha1f.of which.exhibits 
a dark rim. .When.stained with . Clay ton .ye11ow, . the .outer .dark .rim 
turns red and .the .inner .cl.ear . calcite .is .. unaffected, indicating the 
former is Mg-calcite •. (Samp1e N 4B). 

F. En1argement of the. th in .section .i11ustrated .in. (E).,. .v.iewed .. under .. cross.,.,. . 
po1arized 1ight •.. The. two .cement .stages .can.easi1y .. be .. differentiated. 
The dark, second stage .has .. precipitated .in .optical..continuity .with 
the first stage even though made up of sma11er crysta11ites. 

) 
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PLATE 21 

. SALT . SPRAY' ARAGONITE 

A. Northeast' éoast of·· .Barbados. uear· ·Animal .Flow~-.Bay~ .. , .... ·Waves. breaking 
against cliffsthrow ... 1arge .. amounts.of· .. salt.·spray •. into ... the. air. C1iffs' 
about 12 meters·high·.· ..... Person .. ,.on .. ~c1:Lff. itop.·provides .... sca1e· (arrow) • . . .' . '. 

B •. Sùrface .ofc1iff· top·along: the.northeast.coast·.w.ith.patchy white 
coatingof aragoniteon;dark limestone. . 

Phototnicrographs 

C.:·Ct-bès.section of limestone (dark lower,third)and.1amiuated aragonite' 
crust' from area pid:ured in (B). .P1a*kpol~~ized light. 

:~ " . 
. . 

D. Enl:arged area of aragonite cr.ust viewed under cross .polarized .1ight. 
Longaragoni te. need1es· are orien ted· a t righ t. angles.:. to. the horizontal 
latninae. 

,; -) 
\ .. 

) 
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PLATE 22 

SURFICIAL CALCAREOUS CRUST PROFILES 

FIELD EXPOSURES 

A. Sea c1iffs, about .. 10 .. meters high iO ·.a1ong .. the .northeast .. coast .. of. 
Barbados, .. near .The .Land1ock •.. The .development .. of .hard, ca1careous 
crustsoccurs in .. the .. upper .few_feet .. of .the.section •.. These hard 
crusts are more resistant .. toerosion.than .. the .under1ying .poor1y . 
1ithified, 83,000 year old, Pleistocene, reef 1imestones. 

B. Surface of the crusts i11ustrated in (A) with numerous fractures. 

C. Surficia1 ca1careous crusts.deve1oped in the upper part of 1ate 
Pleistocene (83,.000.year.o1d) ca1carenites .some 1+1/2 kiœometers 
from the northeast coast (loca1ity SG 7, looking east). 

D. C10ser view of crustspictured in (C) .with numerous thin resistant 
crusts which, a1though .. moreor 1ess para11e1 to .the.ground surface, 
are high1yirregular.and .branch .and .merge .insevera1 places. The 
poor1y deve1oped .. horizonta1.crusts .a1sooccur be1ow.the extensive 
upper zone. Dark .. vertica1 1ines .. are.organic .. stain on the rock sur­
face. Hammer in.1ower1eft is sca1e. 

E. Surficia1 ca1careouscrust .deve1opment .on .. the 60,000 .. year .old reef 
1imestones at.Gou1ding's Green •. A cross section of this crust is 
i11ustrated in.P1ate 30C. 

F. A single, thin, .ca1careous .. crust.deve1oped.on.we11..,.lithified, older 
Pleistocene ca1carenites (loca1ity CS1). 

"~ 

. i 
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PLATE 23 

SURFICIAL CALCAREOUS CRUST PROFILES 

.. Rock Slabs 

Arrow indicates up; square is Z cm on a side 

A. Crust profile. typical..of ... de"llelapment .. al.ong_the .. nartheast .. coast •.... 
A series .of .hard~ .. irregular,. .cal.careous .~crusts .. 'c).,._underlain py ....... _ 
original brecciated .limestane .. fragments . Cb)" .and.separated.by .car.,. . 
bonate with abundant coated particles (p) •. (Sample RBl.BS). 

B. Well-lithified, Pleistocene.calcilutite. (83 "OOO .. year .01d) brecciated .. 
in the .caliche .profile .with .fractures .. filled .. with brown .. carbonate .. 
and crust developed .in .. upper .. part .. of sample. (Sample RB . CR) • 

C. Crust developed .an .60"OOO .. year .old .. calcarenites .. alang .. the .. northwest. 
coast. (seePlate .. 29E) •... The.calcarenite.at .the .hase" .. composed .. of 
grains of unstable .. mineralaroz,. .. is .. directly .a"llerlain .. by a .. thin . 
laminated .crust .of . tangential .. needles .and .pelletaids,. similar .. to 
the "laminated.microcrystalline .. rind" .of .. Multer .and.Hoffmeister ... ., ..... 
(1968). .Material.aha"lle .. the.crust .is.calcarenite .. grains" .. of .. un.". . 
stable .mineralogy .and .similar_in .. campasitian .. ta .. thase .below~ .. coated ..... . 
with .concentric .laminae .of .brown . calcite .and .. numeraus ~micrite .. pelle- .. 
toids. Pelletoids .become .. dominant towards the top of the crust. 
(Sample SB IG). 

D. Highly fractured .limestane .. hetween .. the .calcareous .crusts .. on .the .. 
northeast coast. .This .material iseasily broken by hand and often 
crumb les upon touching •. (Sample LCR 1). 

E. A thin, single, surficial.brown.crust developed on well-lithified 
aIder Pleistocene calcarenites. (Sample CSl). 

) 

) 
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PLATE 24 

SURFICIAL.CALCAREOUS.CRUST PROFILES 

ALTERATION OF ORIGINAL LIMESTONE 

Photomicrographs - PI~~ Polarized Light 

A. Limestone brecciation. Fracturing takes place both around the 
periphery of the Amphiroa fragment, separating ·it f;,om the matrix, 
and across the grain.itself, breaking it into several separate 
pieces. (SampleRBCR3). 

B. Microspar brecciation. (Sample LCR 1) • 

C. Microspar,' a common, ~omponent. af . many.prof.:Lles, > .resul ts from the 
recrystallization of Pleistocene ,'. micrite. r:Lch .. limestanes. (Sample 
LCR3). 

D. Fragments of brecciated 'microspar; such:·as .. those .. il1ustrated in· 
(B), are often .caated,.with"a layer. of .fine .. brown .. calcite" composed 
o~ brown mi cri te and .. tangential .. needle .. fibres:..: .. ~.Small microspar 
crystals can often be ·seen in' the caating, .sug.ges.ting it may be, 
in part, an alteration rim of.degrading·recrystallization. (Sample 
WB 7G). 

E. Echinoid fragment, .. surrounded·.by .. brown micrite •.. The .boundary be­
tween grain and micrite.is" ir~egular and diffuse •.. (Sample N4 H). 

F. Enlarged view.of·.contact described in, (E) ,.Note. ,the gradual 
alterationof' the single large calcite crystal:: to fine micrite 
size crystallites. The or,d,éginal structure of the allochem can 
be traced into the micrite-for some' distance. 

.. ~ 

) 
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. PLATE .25. 

SURFICIAL CALCAREOUS .. CRUST.PROFILES ... 

ALTERATION .. OF . THE _ORIGINAL ,LIMESTONE.. . 

Photomicrographs Plane.Polarized Light 

A. The lent:f,form .. foram.Amphistegina .. wi th_an .. irregular :.incomplete:outline . 
surrounded .by.a . thick.coat .of .brown .. micritic ~calcite.· .. The.coating 
.can be divided. into two.areas, a dark inner zone, and a lighter outer 
zone. (SampleN4.H). 

B. Enlargement .of,the.Amphistegina. test .illustrated .in (A)., showing the T 

irregular .fuzzy.nature .0Lthe .contact .. between .the .brown .micriteand 
clear calcite .0:1; .the .. test~ .. The .clear .pa.tches .. of .. càlcite .. indicated ... . 
. by.the arrows .are .. in .optical.continuity .with .the .rest .of .. the .test ... . 
. and mark unaltered .remnants .of. the skeleton •. It . appears the .skeleton. 
is partially micritized'andthat the darker micritemay mark the 
ot"iginal. outline. of the test.. . . ' ...... 

C. A fragment of the articulated coralline redalgae.Amphiroa tha1= 
has been extensi vely .bored •. ,The, remnant . reticulate algal. texture . 

. in the centre is the .only .remaining clue to the original nature of 
the grain. .(Sample WB .2E). 

D. Borings, of· the .blue ... green .. alga_Schizothrix .. in_the .. intertidal...zone_ .. 
, .. along .the ·northeast .. coast._showing.the _slightly .. smaller .. nature .. of the ... 

holes in both calcite'cement'and Amphiroa. (Sample N4 G). 

Rock slabs 

E. Fine ,grained .calcarenite .in .. the .upper .part·:of .the.:Eorites"",Thalassia ... , 
.zone in the ,83,.OOO .. year .. old .. reef .complex .with .a .. small·.dark vertical 
roottube in . thé' centre •.. (SampleLCR ... Z) •. 

F. Same zone as in, CE).·.showing .• numerous .. small.brown .. root tubes, .many 
of which are nearly horizontal." (Sample RB CRl). 

) 

) 

) 
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PLATE 26 

SURFICIAL CALCAREOUS CRUSTS 

MICRlTE, RANDOM,NEEDLE FIBRES 

Photomicrographs 

A. CIo tted m:lcri te, p;Lané·. pol~rized ligh t, from.crus ts developed on 
Pleistocene Key Largo limestone, Windley Key, Florida. 

B. Dense micritic crust limestone composed of numerous·· close packed 
pelletoids, each of which has a thin coating of tangential calcite 
needles. P'11in~j,. polari zed ligh t. Goulding' s Green, Barbados. . 
(Sample C33C)." 

C. Micrite pelletoids with a relativelyJ:llick coatingof tangential 
calcite needles (between arrows). P'lane,\ polarized.light. Waites 
Bay, Barbados. (Sample WB2 J). " 

D. Random needle fibres, cross polarized light, showing complete lack 
of preferred orientation •. Waites Bay, Barbados. (Sample WB2 E). 

E. Random needle fibres, cross polarized light.,- River·". Bay , Barbados. 
(Sample RB C7). 

F. Randpm needle fibres, pi1Bné·0.-. polarized .lighto, .. ·fx:om_cal.careous crust 
profiles developed on Pleistocene .. Key~Largo •.• li.mest:G)ne, .Key Largo, 
Florida. 

) 

) 
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PLATE 27 

SURFICIALCALCAREOUS_. GRUST PROFILE;S 

TANGENTIAL,.NEEDLE:),F·:tBREB=,. FLOWER. SP AR 

-,Pho.tom:1.crographs 

A •. Tangentia1 .. need~e ... fib%es.;;.cross"'"'poJ.a.J:·i.zed...J..i.gh..t.,....sb.eWlLng a' genera1 
- dignment. compl1lred=..t:a.'~the,::.random:;;:fibres;..in.:,p~a1:e,;:.2.6 .. ,~.· Wa:i tes Bay, 

Barbados .•.. (Sample WB 2J). 

B. Tangentia1' . :need1.e: .~ fibTes:,,;cross.,.po1ar:f.zed ... ~igh.t .. :-_ti:v-er;; Bay, Barbados. 
(Samp1e RB C3). 

C. Contact between P1.e:is.tocene_.ca1ei1u.ti.te_ (1eft) ..:and_a..fracture fi11ing 
of brown·c~c:i;te. spar~ (rlght) .. :(see.:Plate~.23B.)~~ ... The._tan8entia1 need1e 
fibres are: aligned.~paral1e1:. to_the_friilc.turec:wa11. (centre) • 

D. F10wer spar.. . Each: calcarenite.:a11oehem ... is .. r:immecl.::.tri.:th_.e1ongate cry­
sta1s of calcite •. '. This::calcite:.:cement~occurs..;.as;;4istinct groups of 

. crys t~ls ; which . radiate ~ ou t ~ froE·.separate.: points:.: on:::the::' grain boundary. 
C1uff's:Bay, . Barbados.; : ... (Samp1e. Cs1). -

. --E:. F1ower .. spar~ ... : Composed:. in~ thi.s::.: ease,:.of ... el-ongate_ er;y.s.tals·. of calcite, 
growirig:' from: a:' preexis,ting''; epi taxial.~cemen:t~rim;:.precipitated on an 
echinoid fragment.: (lEàft)..; : :Cluff!s: Bay; .::Barbados;.;.;.:: (Sample. Cs1). 

F. F10wer spar. - Cementiug_ allochems .. :f.u_the .. upper_.part .. of .. the. Pleistocene 
Key. Largo 1imestone,;:··Key·;Largo,. F10rida. 

) 
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'PLATE 28 

SURFICIAL CALCAREOUS CRUST PROFILES 

COATED PARTICLES 

Photomicrographs - Plane Po1arized Light 

A. Un1ithified ca1carenite. Each, a11ochem, still retainingits original. 
minera1ogy, is coated with brown calcite micrite. Strout;l:' Bay, Barbaqos. 
(Samp1~ SB lM). 

B. CompouI\d coated partic1e. ,. Each.a11ochem, sti1Lretaining, ;J.ts original 
unstab1e minera10gy is coatedwitha. thin .series·;of ~laminae made up of 
micri te and tangential.. nEleq.1e fibres. A second, thicker, coat of 
identic~l compositio1=1.surrounds and joins both coated.partic1es. St:ç'oud 
Bay, Barbados. (Samp1è SB 1C). 

C. Coated .micritepe11etoids" _from, thes1ab "i11ustrated _in Plate 23A, 
Thedark . cen1=re .~of .each -pelletoid .may._be,a -miC;;tt:ttized:~skeletal. pa~ticle 
(seeP1ate 24E,F, .. 2SA,B) .... The._micrite.between_the:.larger pe11etoids 
has ac10tted texture •. River:Bay"Barbados •.. (Samp1e RBl BS) • 

. D. Coate4 partic1es exhibitit;lg .many 1aminae (bottom"centre) .•... Str\)ud. Bay, 
Barbados. (Samp1e SB 1F).· 

E. Coated microspar fragment •. ~e irregu1ar.nature of thecoating 
sug$ests parti~lmicritization •. Waites.Bay, Barpa.dos.· (Samp1e WB 2J). 

F. Interre1ationship-between-crust _and, coated particles .. , "The two grains 
in the centre left 8l\d .extreme.cen~re.right .. are .. both.coated with 
1aminated micrite and need1es. The outer coatings, however, are con­
tinuous with the crust that joins both partic1es •. ,Stroud Bay, Barbados. 
(Samp1e SB 1C). 

) 

) 
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PLATE 29 

SURFICIAL CALCAREOUScCRUSTPROFILES 

TUBULES 

Photomicrographs - Plane Polarized Light 

A. Ramifying network of tubules. The wa1ls of eachtubu1e are comnosed 
of mi cri te and mièrospar. North Point Shelf, Barbados. ('i( SaIbpl:È{ (15) .', . 

B. Network of interlocking tubules. Northeast coast, Barbados. ::' (Sample 
WB 2E). The tubu1esare.çontinuous.with the borings i11ustratedin 
Plate 25C. 

C. Tubules" developed'in upper meter or so of Pleistocene Key Largo 
l:l.mestone, WindleY'Key'Quarry, F10rida. 

D.,Tubules"developed'in'upper meter or so of Pleistocene Key Largo 
l:l.mestone, Cross 'Key Canal,' Key Largo, Florida. 

) 
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PLATE 30 

BURIED CALCAREOUS CRUST PROFILES 

A. .Contact .between .104,000 _y:ear .. 01d .P.1eistocene.reef . comp1ex .. (upper .. unit;) . 
and 125,000'2 .year .01d .. Eleistocene .. reef .. complex .. (lower recessive unit). 
(See a1so Plate 16C). .. (Locality . FW) • . 

B. Hard, we11-1ithified •. ca1careous .. crust ~profi1e .. deve10ped .. at.the .. 
contact .between .the .two .reef _complexes ~pictured .in. (A). •.. Theseburied. 
crusts .and associated .features .. indicate .subaeria1 .exposure .of .the . 
under1ying125,.000'2.y.ear.o1d"comp1ex.to.conditions.simi1ar.to.those.on. 
the northeast coast today,prior to.buria1 by the 104,000 year old.comp1ex •. 

C. Contact between.f1at.1y.ing_1imestones_of.the .104,000 year.o1d reef. 
comp1ex and dipping.ca1carenite.beds.of .ano1der .comp1ex •.. Arrow. 
indicates 10cation.of.s1ab pictured in (D) (10ca1ity M18).Outcrop 
is 5.8 meters high. 

D. Rock. slab .. i11ustrating .. dark .irregu1ar _bands .. developed .in the. upper 
.few feet .of .the .steep1y: .dipping. ca1carenite .. pictured .in .. (C). .In ... 
outcrop .these .. darkbands ~cut across .bedding and are para11e1 ta the 
upper surface. (Samp1e .M18).. . .. . . 

. E. Contact .between .pa1mata .zone .. of .. the .. 104,.000 .year .01d .. reef.comp1ex.and .. 

) 

under1ying .01der .cervicornis _zone. of .the .125,.000'2 .y:ear .01d .. reef .comp1ex. . .. . . . ) .. 
Large vugs deve10ped _in. the. upper. few ... feet _of .. the. under1y:ing . cerviccirnis . 
zone pictured .here a1so .attest _ ta : the _subaeria1 .. exposure ~of .. the _lime-
stone prior ta .buria1 •. The vugs .. are 1ined .with .browu .. ca1careous .. crusts 
and f100red with.coated grains. Lens caver is 5 cm. in diameter (10ca1ity 
US). 

F. En1arged are a .of .. (E). .. i11ustrating .the .. irregu1arities . (arrows) of the vug 
1inings. Photograph covers an area 16 cm wide. 

) 
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PLATE 31· 

' .. BUR:EED···C~CARE0U~. ,CRUST PROFILES 

.. ,Ph'o~omer0graphs.,,-<,P1ane ... ,Pe1arized, Light 

A. Coatedeke1eta1 grains. Coatingecomposed.of .a1ternating1aminae 
of tangentia1'needle' fibres .. and·"mict:ite.· The··curved mo11usc fragment 
ie coated'with' successive ·.l.ayers. to.fol:'Dl' a.circu1arpartic1e. . (Samp1e. 
M1S). . . 

B. Coatedndcrlte pel1etoids, .. we11. cementedwith c1ear calcite. spar. 
(Samp1e M18). 

C. Coa·ted pèlletoid"."enlarged •. wi,th;al,.~èrnatiJ\lg;·latruLnae.-.of tangentia1 
nèed1es - (dark"and'1MCri te=:(light) ~ ~' .. (Samp1e M1S) •. 

D. ':Coatèd~ allochém'. ,. ·The-~origina1. allochem·; has' ·dissol-ved: subsequentto. 
bed.ngcoated·; and - '.the 'resu1 ting;voic:l' has'been' .fi1.1ed wi th c1ear. 
ca1cite~ . The' ca1cite'coating:has',:however,.remained'unaffected. 
(Samp1e M1S).' , 

E. Calcareoue cruet. ·Irre~r;.,lam:f.nae;"of:;-c1ear.cale:Lte~.spa;. (Samp1e 
FW").2) ~' 

F. Ca1careous crust.· Horizontal 1amiriae of tangential·need1e fibres. 
(Samp1e M1S). 

" .. ) 
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PLATE 32 

CORAL DIAGENESIS 

A. Acropora palmata, cross-section.of fronde Long, vert~cal .corallites 
(c) are joined.together by a.series of horizontal.bars and.vert~cal 
rods, collect~velycalled.the coenosteum. Photo is 1 cm wide. 

B. Acropora palmata, .. 104,000 .year old reef .. complex, ... illustrating .axial . 
alteration •. Note the._calc~te .. (c) .. concentrated .at .the .centre of .. the .. 
coral. branch while the aragon~te remains'atthe periphery (local~ty 
P25). 

C •. ' Acropora ·palmata~ .. 83,.OOO_y:ear.:..old._reef_complex,. ~~llustrating .. dorsal_ ........ . 
al tera t~on. . .Note:. the .. crus tose _red _algae .. on _ the .. upper _surface.:. 0 f _ the. ., 
coral which .is .. directly: .underla~n .. by: _calc~te.. The .basal.part .. of .the 
coral is .. chalky.aragonite •... Scale.in ~m •. (local~ty RB). 

D. Acropora palmata .. zone, .125,.000 .y:ear .old _reef . complexe .. The .. coral.fronds 
have .been completely .. d~ssolved,. .result~ng .. in.a .ser~es .. of .curved .vugs. 
(arrows) .in well"",lith~f~~d .. calcilutite .(local~ty River .Bay). 

E. Cervicornis .zone, ... 104,.000 year .old .reef .. complex •.. Note .the.numerous. 
coral .st~cks .that .are .. being .dissolved .by .solut~on around the periphery 
of each stick .. (locality FW3). 

F. Cervicornis zone,104,.000.year.old_reef .. complex •.. The .coral .. sticks.have .. 
been completely .dissolved .resulting .in .a .ser~es .of.holes .. in a .well- .. 
lithified calcilutit~,.yielding an exposure resembl~ng Sw~ss cheese 
(locality FWl). 

) 
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PLATE 33 
. ..., ..... ~-... ~ ... -~ .. ~ ~-.-..- . .!_. ~ 

ACROPORA PALMATA 

Photomicro~raphs. 

A. Recent, aragonite, .0ffshore.western .. Bar.bados, .plane ... polarized_lighe. 
Note the numerous · .. irregular .pores. . Dark . horizontal .. lines _ are __ the 
centre of. calcification.of.separatehorizontaltrabecula. 

B •. Pleistocene, aragonite,.reef facies, 83,000year' old.reef complex, 
plane polarized .. light •. The .. original texture .. has .been retained .. and. 
there is a complete.lack of alteration •. · Dl;lrk.horizontal.lines are. 
the centres of .calcification of separate parallel trabecula. (Sample 
AFD,A) • 

C. Pleistocene, aragonite,. ... reef. facies, 83,000.year old:.reef .. complex, . 
planepolarized .1ight •.... Enlargement .. of .Plate .. 33B .showing .relatively .. 
dark centres of.calcification .. (arrows) .and.aragonite·needles radiating 
from these .lines •. :. (Sample .. AFD, .A).. . 

D. Pleistocene,' chalky :aragonite,.;.reef· facies, _83',000c:year _old::reef .. complex, .. 
plane. polarized .lighta- ... Initial.:solution .. of .. the .coral.skeleton •... Each ... 
centre of calcification .. has.been.,dissolved_and ·.is .. now.a .. linear .white .. void. 
and the chalky.aragonite .. is .. darker .. compared.to the:unaltered~aragonite .. 
in . (C) • The darker . colour .. is' . due __ to . in ternal·. reflection . of .. the .ligh t 
in the minute.pore.space.created.by.solution between the.aragonite 
needles (s,~e S.E.M. plate 36) •. (Sample L17). 

E. Pleistocene, chalky.aragonite, reef facies, .83,000 .year old .. reef .. complex, 
plane polarized light. .Extensive solution .of :the .coral..skeleton .with-. 
out reprecipitation.of calcite. Solution.is restricted to .the.inner 
parts of the trabeéu:l:à;:(clear irregular white patches,not .labelled).and 
in some cases almost' all .of .the original .. aragonite.has been.dissolved. 
The pore walls, on the otherhand, .retain.their.sharp outline indicating 
little o~ no solution.". (Sample L17). 

F. Pleistocene, chalky.aragonite,..reef facies, .83,000.year.old.reef. complexe 
Enlarged area. of. coral .. pictured .. in. (E) . viewed·. under . cross polarized.light. 
The· central part .of .this.trabecula.is .almost .completely .. dissolved.and ... 
the aragonite .. surrounding .the .void .is .ragged . and .irregular.indicating 
solution is proceeding outward from the centre. (Sample AFD, A). 
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PLATE 34 .... 

.ACROPORA .. PALMATA. 

Photomicrographs Plane Polarized Light 

A. Pleistocene, chalky.aragonite, reef .facies,. .. 83,OOO. year .old .reef .complex. 
Light material in .. upper .. part .. of .. thin .. section .iscalcite; dark .. material. 
in lower part .. is .. aragonite. " In the. calcite area, .the .. original pore 

'uutlfnes are still.retained •. Chalky.aragonite still fringes.many pore 
walls~ indicating .that .. replacement took .place .. from .the .. centre.of .. the· 
trabecula out .towards .. the .. pore· .. wal1. .. Aragonite .... calcite .contact .at 
the upper right .. (arrow) .. is similar to that illustratedin S.E.M. Plate 
38B. (Sample LIS). 

B. Pleistocene, chalky _aragonite .. and .. calcite, .reef .facies·,. .I04,OOO .. year_old . 
reef complex •. " .Light .. material .. in .. upp~r .. part .of .. thin .. section_is .. calcite; ... . 
dark material .. is .. aragonite .. and .. the .. pores .. are_indicated~.by .. {p).._ .Clear ....... . 
calcite .is restricted_ tO· .. the .. interior_of .. the .. trabecula .. and;.never. occurs" .. . 
first .adjacent:.to .the .. pore .. walls •... In .the .. centre .. of .. the .. plate,. .. the long, .. 
thin ribbon of .calcite.follows the original centre of calcification.' 
(Sample SD 2). 

C •. Pleistocene, calcite, .. reef .. facies,. .. I04,OOO .. year old_reef .complex ..... Com..,.. 
pletely replaced .. partion_of .. sample .. illustrated_in .. (b) ... The .. original. ...... 
form and.sharp .. boundaries_of.the.pores"are.retained,. .. but .. the .. original .. 
dark centre of calcification in. aragonite corals is now a canal of 
clear calcite. 

D. Pleistocene, calcite, reef .facies, I04,OOO.year.old.reef complexa En- .. 
. largementof sample illustrated. in .. (C). A .clearband .. of calcite .. is 
now in the positionoccupied.by centre.of.calcification.in.aragonite 
forms. Compare .. to .Plates .. 33C .and .33D •.. The new .. calcite .. cleavage cuts 
across the original trabecular texture. (Sample SD 2) • 

. MONTAS'L'REA.ANNULARIS . 

E. Rock s1ab illustrating .. a .. partially.altered .. form .... Dark_material..at .. 
top is calcite;. .light .material .. atbottom .is .. aragonite •.. Photomicro.,.,. .. 
graph in (F) is taken at contact. Scale in mm. (Sample B2S). 

Photomicrograph . Plane Polarized Light . 

F. Pleistocene, calcite .and ... chalky aragonite, .83,.OOO .. yearold reef .. complex .... 
C1ear material .is .calcite .. and.dark .material .. is .chalky .aragonite .... The . 
clear bands of calcite follow the original centres of calcification. 

) 

) 
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PLATE 35 

SCLERACTINIAN CORAL,ACROP.ORA~CERVICORNIS. 

Photomicrographs Plane' Polarized Light 

A. Recent, aragonite,. .axial . cross-section, offshore, .western .Barbados •... 
The numeroustrabecula .. are_well.illustrated,. .each .. with .. a .. dark .. centre .. 
of calcification .. surrounded .. by .li~ht,. .. fibrous .aragonite.. . . ...... . 

B. Pleistocene,. .chalky .. aragonite, .. axial..cross.".section,.reef .. facies, .83,000 .. 
year old .reef .. complex •. northern .. Barbados •.. Dark material..is .. chalky ... 
aragonite. The .long, .linear .clear .voids .were .once .o"Ccupied .. by individual 
centres of calcification (compare with A). (Sample B2lA lA). 

C. .Pleistocene,. calcite,. .. axial..cross.".section, .reef .facies, 104,000 .. year ... 
old .reef complex, .. northern .Barhados •.... The .canals .of·.clear.;.calcite .. were .. 
once occupied .by . the .. dark .centre .of calcification. (compare· .. with.A . and. B) • 
Original pores are now rimmedwith calcite'spar cement. (Sample FW2 C). 

TABULATE:. CORAL, .THAMNOPORA 

Upper Devonian, .Perdrix .and .. Mount .Hawk .Formations .... 
Mount Haultain, Jasper .National .P.ark, .Alberta .. 

(samples .. courtesy .J .C. Hopkins) 

Photomicrographs .... .,..P.lane P.olarized .. Light 

D. Calcite, axial .cross.."section ..... A .canal .of .clear .calcite .. occupies the 
centre of .. each .. trahecula .. and .. the .. original.pores .are .now .. filled .with .. 
a light, late.stage •. calcite.cement~ ... Location."",.Section 2, Perdrix 
Formation, 44 meters . (Hopkins, 1972). 

E. Calcite, tangential .. section .. _ .. A .. clear .calcite .. canal .occupies .. the .. centre .... 
of each .trabecula.and .. the.main_part_of .the .skeleton .. is .. composed .. of .rad." 
.axial calcite ..... Pores .are .. filled .wi.th .pelsparite .(bottom). •. Location 
Section 1, Mount .. Hawk .Formation, 2 meters from base of Arcs Member 
(Hopkins, 1972). 

F. Calcite, tangential .. section •.... A .canal.of .. clear .. calcite .occupies .the. centre. 
of each trabecula .. and .. the _main .. part .of. the .skeleton .. is _composed.of .rad." .. ' 
axial calcite ...... The .original_coral_pares _are .. filled .. wi th .. mi.crospar .. and 
late stage, clear .. calcite .cement •... Locatian ".",," Section '.1,. .. Mount Hawk .Eorm­
ation, l meter from base of Arcs Member (Hopkins, 1972). 
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PLATE 36 

ACROPORA:.PALMATA- RECENT 

Una1tered coral 

(Living· ·spee:Lmen;·" off· ,wes t· coas·t of· Bà-rbados-"."depth 5. meters) 

Scanning. e1ectron. micrograph.of,.broken surface. 

A. Ce~tre of trabecu1a. The. fineirregu1ar crysta11itesof aragonite 
in the'" centre· ·of. calcification,,· running from.10wer"left. to upper 
right, are surrounded':by c10sely, packed:bund.1es.of.aragonite need1es. 
The· fine' crysta11ites_·.in· the. centre, of ca1cificatioo··are the. first 
to be disso1ved orrecrysial1ize to, ca1cite.;during a1teration. The 
sma11 intercrystal1ine pore spaces~between,these~crystal1ites (Wain­
wright, 1964) 'may act as".minute·.conduits.for pereo1ating vadose water. 

B. An en1arged view of the.junction between ·two,,·buod1es.of. aragonite 
need1es', or s c1erodermi tes , in the outer part of· the .. trabecula. 
In this coral skeleton these need1es·are .. tight1y,packed and give 
the exoske1eton its dense, rigid structure. Initial solution, 
however, acting a10ng the long 1inear intercrysta11ine contacts 
(see Plate 37), destroys this dense structure. 

) 

) 



.""" ~ 
! 

1 

..J 



25 }J 

5..u 



- ---_ .... -"""". -.~, ... __ .....•... ,- -.. -

192 

PLATE .. 37 ............ . 

ACROPORA .. P.ALMATA .. .,... P.LEISTOCENE. 

(Reef facies ~ .. 83~OOO .. year .. old .reef comp1ex) 

Scanning e1ectron micrograph of broken surface 

A. Composite micrograph .. i11ustrating .. partia1_so1ution .. of .a.sma11 
trabecula in.:Acropora~pa1mata •.. The.trabecu1a .. is .. being. disso1ved .. . 
from 1eft .to right •.... Aragonite .. need1es .. on .. the .. far .. right .are.un..,. ... . 
affected and .retain .. the .. origina1 .. smooth,. .shiny,. .. we11 .. packed .. texture. """ .. . 
The .partia11y .disso1ved.need1es .. in .. the.centre_and:.to .. the .. 1eft,..how.". ........... . 
ever, are. ragged,. .. du11,. _and .separated _from .ane .. anather •... These ..... 
partia11y disso1ved .needles .. can .easi1y .be .. hroken .. and .on a .. macrosca1e 
give the coral a.sbfit .. '.'cha1ky".appearance ... (Samp1e L22 A). 

B. An en1argement .. of .. the .. central..part .of .. P1ate .A •.... A1though .partia11y __ . '" . __ 
.disso1ved, the .aragonite_need1es .sti11.retain_their .origina1.spatia1 .. '. 
arrangement •.. Solution .. does._not .appear .ta .have.cut .acrass._needles .but .. 
occurred .. para11e1 .. to. them, .a1ong. the .. 1inear .. intercrysta11ine .contacts •... 

C. Aragonitefrom .. a .. partia11y·~dissa1ved:.:.Acrapora_palmata._frond. . .. _ ......... . 
. Solution .a1ong .the~.intercrysta1line:.houndariés .has separated .the ...... . 
aragonite need1es,..creating a porous, weak, coral structure. 
(Samp1e Ll7). 
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PLATE ~ 38 '" ~ ___ .' . 

.ACROPORA .PAIY.ATA .. - , .PLEISTOCENE 

SAMP.LE LIS, 83,000 YEAR.OLD REEF ,COMPLEX . 

·Calcite' and .-a:t'agonite 

Scanningelectronmicrograph ofbroken surface 

A. , Contact between .. calcite._flat:..block~Lc:cy:stals._and:,chalky, aragonite 
fibrous .crystals •.. Centre .. of .. photograph _is _a .. trabecula. between. two 
pores·(centre.left.and upper right) almost completely altered to 
calcite. 

B. Enlargement .of . ~rea .adj.acent _ to_pore'_wall .with only ~a., rim of. ara-:-, . 
gonite needles bordering .. the_pore .. wall..left •. ,.The_position.of. this, , 
photograph'is similar to that illustrated in photomicrog:t'aph 34A. 

C. Enlargement .of .contact_between.aragonite_(1eft) ... and calcite (right). 
Partial solution has _separated .. some ,.of .. the .. bundles .of .aragonite 
needles • There ' is,. .. however,. _no _evidence .of .. a :..solution. stage. between. 
aragonite and .. calcite.. _The "spaces between. tbe. needles . are still 
preserved a short way intothe:new crystal.' 
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PLATE 39 

ACROPQRA PAJ::MATA PLEISTOCENE 

SAMPLE L17, 83,000 YEAR OLD REEF COMPLEX 

Calcite and aragonite 

Scanning e1ectronm:l.crograph· of broken surface 

A. Contact between.ca1cite,._f1at.b1acky_cry:sta1s . (top) , .and.cha1ky ... 
fibrous .aragonite ~ (bot tom) ~_ . The ·;.fa11owing . photographs . are. from 
the centr~ of thetrabecu1a·indicated·by arrow.· 

B. En1argement.of.ca1cite.(upper.1eft).and·chalky·aragonite (lower 
1eft and right)· contact, 

C. En1argement·.of· .contact.:.at·~centre_of·. (B).., _Calcite_ai. upper.1eft: . 
. . and .aragonite _at _lower _right •.. Aragonite _need1es _ar~; enc10sed by ...... . 
. . blocky .ca1ci te. and. a . void, . indicative· of partial'· solution, does 

not occ~r between them •. 
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APP;ENDIX A 

PROCEDURE 

Field studieson'northern Barbados were facilitated by a series of 

detailed topographic maps. All road cuts, quarries, and, where possible, 

river. valleys and sea cliffs, ~n the are a were visi ted, mapped and liIampled. 

A brief description of the lithology and dominant corals found at each of 

these localities is tabulated in .Appendix B. Each outcrop or section was 

numbered and its location o~ be found, on the map enclosed at theback of 

the texte Complete areal photographic.coverage.enabled less obvious outcrops 

to.be discerned lilnq'subtle-trends to be followed laterally. 

A total of· 300 Pleistocene limestone samples were routinely analysed 

by X-Ray diffrac~ion to determine which carbonateminerals were present 

(Appendix C). On the basis of· field studies· and.X-Ray diffr~ction analysis, 

a total of 140 samples, representingthe spectrum ofcar~onate lithologies 

encountered, were impregnated with epoxy resin, and thin sectioned~ The 

composition of these sediments was vif?ll.ally estimated by comparison with 

grain estimation charts. Each sample is classified according to the spectral 

subdivision of limestone,tvpes proposed by Folk (1959, 1963, 1968) (Appendix 

D) • 

Specifie petrographic problems were resolved by additional X-Ray 

diffraction analysis, thin section staining (Friedman, 1959; Windland, 

1969;), electron microprobe analysis and viewing broken surfaces under a 

scanning electron microscope. 

Electron microprobe samples were analysed semi-quantitatively. 

Standardcarbonate.samples, selected to span the range of elemental com-

position expected, were analysed for the desired elements by atomic ab-

so-rption. These results were checked with values from other studies on 
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simi1ar materia1. Po1ished tnin sections of these standard carbonates were 

then analysed on the e1ectron microprobe and the relationship between 

counts/backgrou~d and p.p.m. obtained. For magnesiumcontent a series -of 

samples with known,MgC0
3 

content was run,and~ working curve obtained. 

A Cambridgemodel ~canning electron microscope at the Pulp and 

Paper Research Association, Pointe Claire, Quebec, was used to view broken 

surfaces of,carbonates up to a magnification.of aooox. 
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APPENDIX B 

OUTCROP DESCRIPTIONS 

Each localitydescribed and section measured is assigned a combination 

letter and number code and can be.locatedon.the large map in the pocket 

at the backof the texte 

:If thefirst letter of the location is B, then the locality was in­

vest~gated4uring the initial reconnaissance phase of this studY. In most 

çases, however, the first letter or letters refer to the general area in 

which the locality or section occurs and are asfollows: 

SG Spring Garden 
SH Spring Hall Factory 
AF Animal Flower Bay 

C Cluff' s Bay 
M Maycock's Bay 

FW Fryer's WeIl Bay 
A Al leynd ale 
S . Speightstown 
P North of Porter's Factory 

The·first numbe~ refera to the exact locality described. The letter following 

this . number,. if included, designates a. particular sample or line of samples. 

Fpr example: SH23 BI 

SH Spring Hall ~actory area 
23 locality 23 

B section B 
1 sample 1 

On the broad, relatively fIat, North Point Shelf, most exposures are 

in ~he form of small, shallow, road cuts and occasional quarries. The 

steep cliffs bordering most of the platform yield more extensive vertical 

exposure. Along the north and northwest coast the face of these cliffs is 

often obscured by heavy vegetation and so visual correlation between measured 

stratigraphie sections is not possible. Along the barren northeast coast, 

however, the entire sequence is exposed and units can be traced laterally 

with ease. 
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This appendix is subdivided.into.four.separatesections, representing 

different geagraphic areas.and type of outcrop: 

Table 4A Small scattered outcrops on. the North Point Shelf and 
in1and from the northwest coast. 

Table 4B . Cliff·. sections .. alang .. the .nor,th .and ·northwest coast. 

Table 4C Intertidal and supratidal sections of the narrow 60,000 
yr. old frixjging reef.terrace.· 

Table 4D Continuous exposure of the 83,000 yr. old reef complex 
along the northeast coast. The exposure between Gay's 

Cove and River Bay is varied and reveals both the reef and 
. bâbk~ié~f::i:f~c:f:es. North of River Bay, howeve1;', thesea 
cliffà are almost exclusively massive Acropora palmata 

and so have not been plptted. 

l 



Loca1ity 

B 1 

B 3 

B. 4. 

B 5 

B 6 

B 7 

B 10 

B 13 

B 14 

~ 1~ 

B 16 

B ~1 

B 18 

B 19 

B 20 

B 22 

B 24 

B 27 

RB CR 

L CR 
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TABLE 4A 

North Point She1f Samp1es 

Description 

Scattered,M. annu1aris, and.Dip~oriain,ca1carenite. 

We11 1ithified'ca1carenite ,with'numerous M.'annu1aris and M. 
cavernosa. ' 

Ca1carenite W:l.th,numerous Rhodo1ites. 

Cross-1am:l.nated ca1carenite (a1so M 51). 

ScatteredA. palmata in c~lcarenite. 

Scattered'~!.. ,pa1mata in cal careni te. grading, eastward into 
P. porites in ca1carenite. 

Cong10merate composed,of we11 1ithified ca1carenite c1asts 
in poor1y 1ithified ca1ca~enite. 

Second H:I.$hC1iff. ,We111ithified.ca1carenite. 

Scattered A. pa1matain ca1carenite. 

~. pori tes in ca1carenite. 

A. cervicornis in ca1carenite. 

A. cervicornis in ca1ci1ut'ite. 

Ca1carenite with wide1y scattered A. pa1mata. 

~. pori tes in ca1carenite. 

A. cervicornis in ca1carenite. 

A. pa1mata in ca1c~renite. 

Ca1carenite with numerous Strombus. 

Rhodo1ite ca1carenite. 

Massive ~. pori tes in calcarenite grading eastward into 
A. cervicornis in ca1ci1utite. 

Massive P. pori tes in ca1carenite. 
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Loca1ity 

AF 25 

AF 26 

AF 27 

AF 28 

AF 29 

AF.30 

AF 31 

AF 33 

AF 34 

AF 35 
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Des'crip tion 

Interbedded P. pori tes and A. cervicornis in ca1carenite. 

Interbedded.P. pori tes and.A. cervicornis with scattered 
Dip10ria andM.annu1arisin ca1carenite. 

A •. cervicornis in ca1ci1utite. 

Scattered~. pa1mata and A. cervicornis in ca1carenite. 

P. porites in ca1carenite. 

.A. cervicornis in ca1ci1utite. 

P. pori tes grading seaward to A •. pa1mata. ·Interbedded with 
P. pori tes are numerous.Siderastrea,-Solenastrea, sma11 
Montastrea,biva1ves and .. numerous Strombus. 

Scattered A. ~a1mata in ca1carenite. 

Large .area.of P. pori tes .. in .ca1ci1utitewith. scattered M. 
annu1ar:Ls thatgrades seawardto A. pa1mata • 

. M. annularisin pipe.growth form.and scattered A. pa1mata in 
ca1carenite. 

AF 36 .P.porites .in ca1caren:Lte • 

AF 37P. porites with scattered M. annu1aris in pipe growth form 
in ca1carenite. 

AF ;38 

AF 39 

AF 40 

AF 41 

AF 42 

AF 43 

AF 44 

SG 1 

SG Z 

SG 3 

SG 4 

Scattered A. pa1mata in ca1carenite. 
P. porites in ca1carenite. 

Occasiona1 1enses of 

P. pori tes in ca1ci1utite. "., 
". 

P. pori tes in ca1ci1utite. 

Amphistegina ca1carenite. 

Amphisteginaca1carenite. 

Dip10ria and M. annu1aris in.very wel1 1ithified ca1carenite. 

Scattered A. pa1mata in ca1carenite. 

Crustose red a1gal limestone over1ying cong1omerate at the top 
of poorly 1ithified Scot1and Formation sandstones. 

Diploria and M. annu1aris in very we11 1ithified ca1caren:Lte. 

Very we11 1ithified ca1carenite. 

Amphistegina ca1carenite. 

-, 
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Locality Description 

SG 5 Amphistegina calcarenite. 

SG 6 Small rounded heads.of .P •. astreoides .and .Siderastrea with 
scattered.large Strombusinmottledcalcarenite. 

SG 7 

SG 8 

SG 9 

SG 10 

SG Il 

SG 12 

. SG 13 

SG 14 

Scattered A.palmata grading eastward ta calcilutite similar 
ta' that described in SG 6. 

Scattered Strombusand small Siderastrea in mottled calcarèn~·té';·'. 

Amphistegina calcarenite. 

Very weIl lithified calcarenite. 

Conglomerate. Clasts dominated .. by.Amphisteginacalcarenite 
and very weIl lithified calcarenite •. Matrix unlithified cal­
carenite. 

Identical ta SG Il. 

M •. annularis and .. Diploria . in very .well .. li thified calcarenite. 

Conglomerate. Matrix unlithifiedcalcarenite. Clasts very 
well.lithified calcarenite. 

SG 15 .P. porites.in calcarenite. 

~G 16 ~ .pori.tes .. grading .westward.to.scattered.A. __ palmata in cal­
carenite. 

SG 17 Scattered.A. palmata in calcarenite. 

SG 18 Perched boulder of weIl lithified calcarenite. 

~G 19 Conglomerate with clastsof well.lithified calcarenite in 
unlithified calcarenite matrix. 

SG 20 Cave in Second .High. Cliff.with.floor .. 20 feet above the 
surrounding plain. 

SG 21 Scattered A. palmata in calcarenite. 

SG 22 WeIl lithified calcarenite. 

SG 23 Scattered A. palmata in calcarenite. 

SG 24 WeIl lithified calcarenite. 

SG 25 Cross laminated calcarenite (beach facies?). 

SG 26 M. annularis and Diploriain calcarenite. 

SG 27. WeIl lithified calcarenite. 

1 
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Local:Lty 

SB 1 

SB 2 

SB 3 

SB 4 

SB ·5 

SB 6 

.SB. . 7 

SB 8 

SB 9 

SB.lO 

. SB11 

SB 12 

SB 13 

SB 14 

SB 15 

SB.16 

SB 17 

SB.18 

SB.19 
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Descr:Lpt:Lon 

. M. annular:Ls and M • cavernosa· .:Ln very.well l:Lth:Lf:Led calcarenite. 
M. annular:Ls . and M. cavernosa:Ln very weIl l:Lth:Lf:Led calcaren:Lte. 
M.annular:Lsand M. cavernosa .. :Ln. very weIl l:Lth:Lf:Led, mollusc-· r:Lch , calcaren:L te? 

· M. annular:Ls ... and .. M. . cavernesa· .:Ln .,very . weIl .. 1:Lth:Lf:Led calcaren:L te • 
WeIl lith:Lf:Led.calc:Llut:Lte. 

Very.well l:Lth:Lf:Ledcrustose .red.algal.limestone everly:Lng un­lith:Lf:Led Scotland. Format:Lon .. sandstones. 

· Very .. well .1:L th:Lf:Led .. crus tose .. red .. algal l:Lmestone • 

Very weIl l:Lth:Lf:Led .crustose redalgal.limestone. 

Verywell.l:Lth:Lf:Led crustose red alg<;tl.l:Lmestone overla:Ln by .conglomerate made up of weIl l:Lthified calcaren:Lte clasts :Ln unl~th:Lf:Led.sandy calcaren:Lte matr:Lx. 

Very .w~ll l:Lth:Lf:Led .crustose red .. algal.l:Lmestone overly:Lng unl:Lth:Lfied . Scotland .. Format;Lonsandstones. 

Second Bigh .. Cl:Lff.. M~ annularis .. in .well.lithif:Led calcaren:Lte • 
Second Bigh. Cliff •. ·M •.. annul.aris . and Diploria thickly encrusted with crustose red .al-gae ina very .. well.lithified calcarenite. 
M. annularis .and.Diplor:La .. :Ln .well.lith:Lf:Led calcarenite. 

M. annularisandD:Lploria .. and.M •. cavernosa.in weIl lith:Lfied calcaren:Lte. 

Very weIl l:Lth:Lfiedcrustose red.algal.l.imestone.overly:Lng Scotland .. Formation sandstones centaining .several large boulders. 
Widespread very weIl lithified.crustose red algal limestone. 

Amphistegina calcarenite. 

Very weIl lithified crustose.red algal limestone containing numerous Amphistegina. 

Amphistegina.calcarenite. 

SB .20... . Very weIl lithified crustose .red algal.limestone overlving Scotland Formation sandstones. 

SB 21. Amphistegina calcarenite. 
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Locality 

SR 22 

SR 23 

SR 24 
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Il!scription 

WeIl lithified calcarenite,. rich-in. Amphistegina. 

UnlithifiedScotland Formation sandstone. 

WeIl lithified calcarenite.with.numerous M. annularis and .. "M. cavernosa. 

SR 26 .. Scotlan4 -Formationsands tones .. overiain ·:by.-a . conglomerate made up.of sandstone clasts.in caJ.cilutite matrix. capped by very weIl lithified crustose red algal limestone. 

SR 27 Amphistegina calcarenite richincrustose red algae. 
SR 28 WeIl Iithified calcarenite. 

SR 29 Crustose red aigailimestoneoverly.ingunlithified Scotland Formation sandstones. 

SB 30. Crustose. red aigai Iimestone-overlying .unH.thified Scotland Formation sandstones. 

SR 31 Scotland Formation sandstones.overlain:by conglomera te of clasts made up of Scotland Formation sandstones. Conglomerate overlain by very weIl lithified crustose red'algal limestone. 
SR 32 . Scot:land Formation sandstones. 

SR 33 Scotland Formation sandstones.overlain"by very weIl lithified crustose red algal limestone. 

M 15 Scattered A. palmata in calcarenite. 

M 16 

M 17 

M 18 

M 19 

M 19a 

M 20 

M 20a 

M. annularis and Diploria'in calcarenite.. Coral heads dis­appear northward. 

Rhodolite calcarenite. 

o WeIl laminated calcarenite diuping-30. ·west,. overlain by flat-lying calcarenites rich in small coral.heads. Upper part of steeply dipping calcarenite contains numerous horizontal fossil calcareous crusts. 

Rhodolite calcarenite. 

Rhodolite calcarenite. 

Amphistegina calcarenite. 

Very weIl lithified calcarenite with numerous-Amphistegina~ 



· .... , .... ~~-:-~~,:. :.:."'. _ ... -; . .,,-_._~-,-,.- .. _--... -,"--,.~ .. _._., .-._._"-'. --- .. -

Locality 

M 21 

M 22 

M 23 

M 24 

M 28. 

M 29 

M 30 

M 31 

M 32 

M 33 

M 35 

M ~6 

M 37 

M 38 

M 39 

11 41 

M 42 

. M.43 

M 45 
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Des crip tion . 

Rhodolite calcarenite. 

Very.well lithified .A •.. cervicornis calcilutite, corals dissolved. 

poorly lithified calcareniterich in Rhodolites overlying the 
A. cervicornis lithology described in M 22. . 

Numerous M. annularis in pipe growth form in calcarenite. 

Very weIl lithified A. cervicornis calcilutite, corals dissolved. 

M. annularis·and .Diplor:La .. inwell..lithifiedcalcarenite overlain' 
by Rhodolitecalcarenite. 

Scattered A. palmata interbedded .and-overlain bybanks of P. 
poritesin growth position. 

Massive banks of P. poritesin:.growth position. 

Scattered ·A •.. palmata .. and· .. banks .. of.1. porites. 

Finegrained calcarenite. 

Rhodolite calcarenite. 

M. annularis .. in . very .. well- li·th:l.f:l.ed .. calcareni te overlain by 
Rhodolite calcarenite. 

Scotland Formation mudstones andsiltstonesoverlain by very 
weIl lithified crustose redalgal limestone. 

Amphisteginacalcarenite • 

. Scotland_Formation.mudstones.andsiltstones. 

Scotland.Formation mudstones and siltstones overlain by very 
weIl lithified crustose red algal limestone. Contact between 
the two dips eastward. 

M. annularis in very weIl lithified calcarenite. 

.Amphistegina calcarenite • 

. M. annularis .and. M. cavernosa .. :l.n .. well .. lithif:Led, calcarenite. 

.M. annularis·and·.M. cavernosa .:Lnwell lithified calcarenite. 

Scotland Formation sandstones overlain.by.well Iithified crustose 
red algal Iimestone in turn overlain bywell lithified calcarenite. 
Contacts'dip northwest. 

l 
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Locality 

M 46 

M 47a 

M 47b 

M 48 

M 50 

C 28 

C 50 

C 51 

C 56 

'.- FW :',1 

FW '~ 

(. 

FW 3 

FW 4 

FW 5 

FW 6 

FW 7 

FW 8 

FW 9 

FW 10 

FW 11 

FW 12 

FW 20 
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Description 

M. annularis and M. cavernosa in well lithified calcarenite. 

Amphistegina calcarenite. 

Amphistegina calcarenite with.numerous mollusc fragments. 

Amphistegina calcarenite. 

Amphisteginacalcarenite. 

Very well lithified crustose red algal limestone. 

Amphistegina calcarenite. 

Amphistegina calcarenite. 

P. porites bankand scattered.A. palmata.in .calcarenite. 

A. cervicornis in very well lithified calcilutite. Corals 
mostly dissolved. 

A. cervicornis in very well lithified calcilutite. Corals 
mostly dissolved. 

A. cervicornis and scattered M. annularis in calcarenite. 

A. cervicornis and scattered~. palmata in calcarerilte. 

~ palmata in calcarenite. 

Numerous overturned heads of M. annularis and Diploria in 
calcarenite. 

Calcarenite. 

Calcarenite. 

Calcarenite with scattered P. pori tes and A. cervicornis. 

Calcarenite. 

Cross laminated calcarenite. 

Cross laminated calcarenite overlyinghighly weathered, recessive 
unit of Diploria and scattered.M. annularisin calcarenite. The 
upper part of the lower unitexhibits fossil calcareous crusts. 

Cross laminated calcarenite. 
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Locality 

.. FW 21 

FW 22 

FW 23 

FW 24 

FW 25 

FW 26 

FW 27 

FW 28 

FW 29 

FW 3:1,. 

FW 32 

FW 33. 

FW 34 

A 1 

A 2 

A 3 

A 4 

A 5 

MA l. 

MA 2 

MA 3 
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Description 

M. annularis and Diploria in weIl. lithified calcarenite. 

M. annul.aris, M. cavernosa and Diploria in weIl lithified 
calcarenite. 

~. annularis, M. cavernosa and Dipl.oria in calcarenite (very 
weathered outcrop). 

M. annularis ,M. cavernosa .and.Dipl.oria .. in weIl. lithified 
calcarenite. 

WeIl lithifiedcalcarenite withoccasional coral heads and 
A. cervicornis sticks. 

A. cervicornis in weIl lithified calcilutite. Coral sticks 
often weathered out. 

A. cervicornis ·in well.·lithified .. caIciIutite,.coral sticks often 
dissolved. 

Cal.carenite. 

Cal.carenite. 

Calcarenite. 

Cal.carenite. 

A. cervi~is and scattered P. pori tes in cal.cil.utite. 

Cal.carenite. 

M. annularis in pipe growth form.in.cal.carenite (wel.l. l.ithified). 

ScatteredA. pal.mata incalcarenite. 

Cross l.aminated cal.carenite. 

WeIl. lithified calcarenite. 

Wel.l l.ithified calcarenite. 

M. annularis in pipe growth form surrounded by weIl. lithffied 
calcarenite. 

Cal.carenite with occasional. coral. heads and A. cervicornis. 

Cross l.aminated cal.carenite • 
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Loca1:Lty 

MA4 

MA. 5 

S la 

S 1c 

SD 2 

S 1d 

SD 1 

S ~ 

S 3 

S .4 

S.5 

P 1 

P 2 

P 3 

P4 

P 5 

P 6 

'P 7 

P 8 
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Descr:Lpt:Lon 

Ca1caren:Lte. 

Ca1caren:Lte • 

. A •. palmata.:Ln .calcaz:en:Lte ... gr.ad:Lng .. .w.estward.;:Lnto:.A •. cerv:Lcorn:Ls .:Ln.calc:L1ut:Lte.and __ calcarenite. 

Calcaren:L te w:Lth occas:Lonal P .•.. ~o.z:i tes,. .. M. annu1arls, Dip10riaand numerous b:Lvalves. 

A. Ea1mata.in calcaren:Lte. 

A. Ea1mata :Ln calcaren:Lte. 

A •. cervicornis 'in ca1c:Llut:Lte. 

A. cerv:Lcornis in ca1c:L1u ti te • 

Cross 1aminated ca1carenite.ovez:lying .. A •.. cerv:Lcornis in '. ca1cilutite. A.cervicornis . grades westWard to A~ Ealmata. 
~~ .cervicorn:Ls .in .calcilut:Lte.ovet::ly..:Lng.A •. "palmata in cal-caren:Lte. 

. . 
. M. annularis .in . pipe .. gz:owth .. foz:m ... surrounded ·.by: calcareni te. 
. Rounded ·.M •. annu1aris . in. calcareni te •. 

Scattered A. cerv:Lcorp.:Ls· .. and .. occas:Lonal .. sma11 .. coral heads :Ln calcaren:Lte:-

Scattered A. cervicornis~ smal1.coral heads.and several Strombus in calcarëili te. 

Scattered A. cervicorn:Ls :Ln cross .lam:f.nated .ca1carenite.· 
M.: annularis in .pipe .and .. encz:usting .growth .·forms surrounded by well li thified calcareni te. 

~. pa1mata in we1l lithified ca1carenite. Cora1s disso1ved. 
Scattered M. annularis and A. pa1mata in we1l lithified ca1carenite. 
A. pa1mata in ca1carenite that grades westward to ·A •. cerv:Lcornis in ca1cilutite. 

M. annularis and M. cavernosain well l:Lthified calcarenite. 

l 

..J 
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Locality 

P 9 

P 10 

Pll 

P lf 

Pl3 

P 14 

P l,s 

P 16 

P 17 

. P 18. 

p 1,9 

P 20 

P 21 

P 22. 

P 23 

P 24 

P 25 

P.26 

P 27 

P 28 
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Description 

Scattered A •. cervicornis in calcarenite overlying A. palmata 
and M. annulàris in calcarenite. 

Massive .M. annular'is in pipe .and encrustinggrowth forms and 
. scattered A. palmata .. in .calcarenite. 

Rhodolite .calcarenite .. with.scattered. encrusting··M·; annularis. 

A. cervicornis in calcarenite. 

Scattered A. palmatain calcarenite grading westward into 
;extensi ve A. cervicornis in calcareni te. Large overturned 
M. annularis and Diploriaat westernmost portion of exposure. 

A. palmata in calcarenite grading westward into~. cervicornis 
in calcarenite. 

M. annularis and Diploria in calcarenite with numerous bivalves. 

Calcarenite with occasional ~. palmata.and A. cervicornis. 

.. M •. annularis in both pipe and encrusting grawth forms grading 
westwardinto Rhodolite calcarenite. 

A. palmata in verywelLlithified calcarenite •. Coral dissolved • 

Rhodolite calcarenite. overlain .. and.interbeddedwith massive 
encrusting.M. annularis • 

Conglomerate of very well lithified calcarenite clasts in 
unlithified calcarenite matrix. 

A. palmata in calcarenite. grading .. westward .. into .A. cervicornis 
in calcarenite. 

A. palmatain calcarenite grading.westward.into.A. cervicornis. 

Conglomerate of verywell lithified .. calcarenite clasts and 
A. cervicornis sticks in .. poorly .lithified. calcarenite. 

Coral. heads. incalcarenite (very.poor outcrop). 

A. palmatain calcarenitegrading.westward.intoA. cervicornis 
in calcilutite. 

Conglomerate composed.of coral headsandwell .lithified pieces 
of calcarenite in a poorly lithified matrix. 

ScatteredA. cervicornis, smallM. annularis and P. astreoides 
in calcarenite. 

A. palmata in calcarenite grading.westward.into A. cervicornis 
in calcarenite. 
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Cliff Sections Along Northwest Coast 

Section Location E1evation.(m) Description Thickness (m) 

M 53 Maycock's.Bay. 0..,. 6· Covered 6 

M 51 

M 50 

US .1 

B 26 

Maycock' s Bay 

Mother's Day 
Bay 

.:~ .. 

Greshie.Bay 

Harrison Point 

6-34 

0- 6 

6-34 

0- 4 

4-12 

12":'13': 

13-17 

17-25 

25-34 

0- 9 

9-15 

15-17 

17-20 

20-34 

0- 4 

4-4.5 

4.5- 9 

9-18 

A .pa1mata .. ·in ca1careni te 

Covered 

A. pa1mata_ in ca1careni.te 

Covered 

A. cervicornis inca1ci1utite 

.. :Covered 

A. p'a1mata in ca1carenite and 
terrigenous sand 
A. pa1mata in c.a1ci1utite and 
terrigenous 'sand 

A. pa1mata in ca1ci1utite 

Covered 

28 

6 

28 

4 

8 

1 

4 

8 

9 

9 

A. cervicornis in ca1ci1utite 6 

A. cervicornis in ca1ci1utite. 
Weathered with numerous vadose 
'cavities and ca1careous crusts 2 

M. annu1arisin terrigenous sand 3 

A. pa1mata in terrigenous sand 14 

M. annu1aris, M. cavernosa and 
Mp10ria inca1carenite 

A. cervicornis in ca1carenite 

4 

0.5 

Ca1carenite with scattered Dip1oria4.5 

M. annu1aris, Dip10ria and A. 
cervicornis in ca1carenite 9 



Section· Location 

C 54. Norse 's Bay 

C 53 Norse 's Bay:' 

C 51 Norse's Bay 

C 49 Stroud Bay 
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Elevation (m) Description Thickness (m) 

0- 7 Covered 7 

7-18 

18-23· 

23-34 

0- 4 

4-23 

23-29 

29-35 

0-17 

17.:l20 

20-35 

0- 4 

4-11 

11-14 

14-17 

17-18 

18-20 

20-26 

Cross 1aminated terrigenous sand 
wit~ abundant P~ porites 

Terrigenous sand'with abundant 
P. poritesand Strombus 

P. porites in èa1carenite 

. A. pa1mata, M. "!!E.nu1aris and 
Dip10ria in ca1ci1utite 

Ca1carenite 

A. pa1mata. in ca1carenite 

P. poritesand Strombusin. 
calcarenite 

A. cervicornis with minor A. 
Pa1mata, "M~. annularis ant;}· Dip10ria 

11 

5 

11 

4 

19 

6 

6. 

in calcilutite . 17 

M. annu1aris in calcarenite 

Partia11y covered, P. porites 
in calcarenite 

M. annu1aris in calcarenite 

M. annu1aris and' Dip10ria with 
minor A. palmata and A. cervicornis 

3 

15 

4 

in calca.renite 7 

Covered 3 

M. annularis in ca1carenite 3 

Covered 1 

M. annularis and Diploria in 
ë:a1carenite 2 

~. pori tes in calci1utite 6 



Section Location 
) , 

C 48 Taylor Bay. 

C 46 Lambert Point 

C 45 East of 
Lambert Point 

Elevation 

0- 6. 

6-12 

12-13 

·.13-17· 

·17-23 

23-26 

0.;. 4 

4- 7 . : 

7-12 

12-15 

15-20 

20~23 

23-24 

24-29 

0- 7 

7 ... 10 

10-15 

15-18. 
18-22 

22-25 

25-29 

.·:.!ll 

(m) Description Thickness (m) 

A. cervicornis in ca1ci1utite 6 

A. pa1mata .in ca1ci1utite 6 

M. annularià·,inca1careni te 1 

Cavered .. (H •... annu1aris) 4 

A. palmata in.ca1carenité 6 

P. parites in ca1carenite 3 

A. ·cervicornis. in ca1ci1utite 4 

M.· annu1aris and DiE1aria in 
ca1carenite 3 

A. Ea1mata.in ca1c:i.1utite 5 

M~"aanula%is,.,and A.~. Ea1mata 
in·ca1carenite 3 

Covered 5 

M. annu1aris in ca1carenite 3 

A.. cervicornis in ca1carenite 1 

P. Eorites in ca1carenite 5 

A· •.. cervicarnis in ca1ci1utit:e 7 

Covered 3 

A. Ea1ma.ta,· .. in ca1ci1utite 5 

Covered 3 
M. annu1aris. in ca1carenite 4 

Covered 3 

A.pa1mata in ca1carenite 4 
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Section Location ... · ... ,E1evation .. (m) .... DescriEtion Thickness (m) 

~ 
, 

B 23. Stroud:Point · .. 0- 4 .M· •. ·.annuJ.aris·,!:!;· •. cavernosa and 
DiE1oria'in èa1carenite 4 

4- 6 We111am:i.nated ca1carenite 2 

6- 8 M. -annu1aris . and DiE10ria in 
cross 1am:i.nated ca1caren:ite· 2 

8- 9 Cross 1am:i.nated calçaren:ite 1 

9-12 M. annu1aris, M. cavernosa and 
DiE1oria.in cal careni te 3 

. 12-18 A.Ealmata in ca1carenite 6 

C 4~ Archer's Bay '0.,.. 4·; - .A •.. cerv:i.comil3·.inca1ci1utite 4 - . 
·4-10' . M·.· annu1ar:i.s ·::1:n calcareni te 6 

10-13 A. Ealmata':1:ncalcarenite 3 

C 42 At:'che1;"s Bay 0- 4 A. cerv:i.comisin ca1ci1utite 4 
-: 

~ 4- 9 Cross 1am:i.nated calcarenite 5 

9-12 A. Ea1mata in.ca1carenite 3 

C 33 C1uff's Bay 0- 3 Crustose red.a1ga1 1imestone 3 

3-10 Amphisteiina ca1careni te . 7 

10.,..12.· Covered 2 

12-26 Ca1carenite 14 

26-28. M. annu1aris and DiE10ria in 
ca1carenite 2 

C 36 C1uff's Bay 0-27 Oceanic Formation, partia11y 27 
covered 

27-28 Crustose red a1ga1 1imestone 1 

28-30 Am12histegina ca1carenite 2 

) 



Section 

C 23 

AF 21 

AF 20 
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Location. . Elevation .' (m) . 

Gents Bay 

Touce r S Point:: 

Jordan' s Cowpen 

0-11 

11-12 

12-13 

l.l-23 

0-13 

13-14 

14-21 

0-10 

10-10.5 

1005'-12 

12-23. 

Description 

Oceanic Formation 

COl;lglomerate. 

Crustose red .a1ga1 1imestone 

WeIl beddedAmphistegina 
ca1carenite 

Ca1carenite with scattered M. 
annu1aris and Dipioria -

M. annu1aris in ca1carenite 

A. pa1mata.in ca1carenite 

M •... annu1aris .. and. Diploria in 
ca1carenite 

Ca1carenite 

M. annularis, and A. palmata in 
ca1carenite 

A. pa1mata in ca1carenite and 
ca1ci1utite 

Thickness (m) 

11 

1 

1 

10 

13 

1 

7 

10 

0.5 

1.5 

11 

1 



Samp1e 

N3 A 

N3 B 

N3 Cl 

N3 C2 

N3 D 

N4 A 

N4 B 

N4 C 

N4 E 

N4F 

N4 G 
,;S.i: 

N~'~ 

N4 J 

N4 K· 

N4 L 

N6·A1 

N6·.A2 

N6 A3 

N6 B1 

N6 B2 

N6 C 

N6.D. 

N6 E· 
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TABLE 4C 

Sediments From 60,000 Yr. 01d Terrace 

(See Fig. 18) 

Zone Description 

Lapei Poorly1ithified ca1carenite· 

Lapei We11 1ithified ca1carenite . 

Crust We11 1ithified ca1carenite 

Crust Brownmicrite.benea.thcalcareous crust 

Crust· Ca1careous cruet 

Lapei Cemented ca1carenite 

Lapei Cemented calcarenite 

Lapei Sma11 M. annu1aris 

Lapei Cemented ca1carenite 

Lapei Cemented ca1carenite 

Lapei. Ca1carenite overlainby.ca1careous ·crust 

Crust Ca1careous crust 

Crust 
". ".r'" 

We1J. cêihehte·d:ea1careni te 

Crust We11 cemented calcarenite and calcareous crust 

01der Pleistocene, wel1 1ithified ca1carenite 

. Lapei Smal1 M. annu1aris 

Lapei Ca1careous red a1gae 

Lapei Ca1carenite 

Lapei Lithified ca1carenite 

Lapei .A. cervicornis and: calcareni te 

Lapei. Ca1carenite 

Crust Calcarenite over1ainby:calcareous crust 

Crust Ca1careous crust 



Sample 

N6:F 

N6 G 

SBl A 

SBl B 

SBl C 

SBl D 

SBl E 

SBl F 

SBl G 

SBl H 

SBl J 

SBl K 

SBl L 

SBl M 

SB2 A 

SB2 B 

SB2 C 

SB2 D 

SB2 E 

SB2 F 

SB4 A 

SB4 B 

SB4 C 

SB4D 

Zone, 

.. Crust 

Crust 
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Description 

.Calcareous crust andunderlying calcarenite 

.Calcarenite with ·many .coated .grainsoverlain ,by 
calcareous crust 

Lapei Calcarenite 

Lapei Calcareni te wi th occas±ôn·al:l. corals 

Lapei Calcarenite containing many coated grains 

Lapei Well li.thified calcarenite with .many coated grains 

Lapei Calcarenite with manycoated grains 

Crus t·,' ,Calcareous crus t 

Crust Calcareous crust andunder.lying calcarenite 

Crust Calcareous crust 

Crust Calcareous crust 

Crust 'Calcareous crus t 

Crust Unlithified calcarenite 

Crust Unlithified calcarenite 

Lapei Calcarenite 

Lapei Calcarenite with many coated grains 

Lapei Calcarenite with many coated grains 

Crust Calcareous crust 

Crust Calcareous crust plus underlying calcarenite 

Crust Calcareous crust plus underlying calcarenite 

Lapei Calcarenite 

Lapei Calcarenite 

Crust Calcareous crust 

Crust Calcareous crust 
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Samp1e Zone Description 

C17'A Lapei WeIl lithifiedcalcarenite 

Cl7 B Lapei Poorly lithified calcarenite 

Cl7 C Lapei Poor1y lithi·fied calcarenite 

Cl7 D .Crust Calcareous crust and underlying calcarenite 

Cl7 E Crust Calcareous crust and.underlying calcarenite 

Cl7 G Crust Calcareous crust 

Cl7 J Crust Calcareous crust 

B33 Lapei Calcarenite 

GG 3 Crust Unlith~fied ca1carenite 

--';" 
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83.000 YR. OLD REEF COMPLEX 
SEA CLIFFS ALONG THE NORTHEAST COAST 

Gay'. Cove to River Bay 
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Figure 31. Sea cliff exposure of the 83,000 year old reef complex along the northeast coast. 
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APPENDIX C 

SAMPLE MINERALOGY 

Samp1es·· were· analysed 'on, a Phi1ips-Nore1eo X ... Ray·.diffractometer. 

Mounts were prepared by.·,p1acing a fine1y ground powder (less than 125 

micra) in·a sha110w a1uminum holder and tampiug.slightly:fo110wing the 

procedure suggested by McCreery (1949) •. In. general,· ... the goniometér was 

o 0 run between 25 and 40 ~, the region in which the main peaks·for·carbonate 

minera1s under discussion are found, at a~: rate of 10 per minute. 

Minera10gy ·ofa11 samp1es is recorded, opposite the samp1e number and 

brief description, in Table 5. Minerale ... aoundant .. enough; toyie1d a good· 

diffract:l.on_.peak., ... we1L above background, are recorded and denoted by a .. 1.'+" 

sign.Those·. mineralswhose main diffraction,peaks~.are bare1y discernable 

from backgroulld :.are· .. also. recorded., ... but. differentiated by "tr". 
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TABLE 5 

MINERALOGY OF SAMPLES STUDIED 

60,000-Yr •.. 01d -Fringing .. Reef Terrace 

Sam]21e No •. Descri]2tion .. -Arag .. Mg-Ca1 Ca1 .. gtz Other 

N2 A ca1careous crust + + 
:.N2 .:B soft ca1iche carbonate. + 
N2 C ca1careous crust + tr 

N3 A ca1carenite tr + 
N3 B ca1carenite + + 
N3 C . pe11eted .-ca1careous crust + 
N3 D. ca1careous crust + 

N4 A' ca1carenite + + + 
N4 B .ca1carenite + + + 
N4 E ca1carenite + + 

N4 F ca1carenite + + + 
N4 .G .ca1carenite tr + tr 
N4 J ca1careous crust + 

.. N6 . A. Montastrea . annu1aris + 
N6 A .crustose red a1gae + + 

~; N6 B ca1carenite tr + + tr 
N6 C ca1carenite tr + 
N6 D ca1careous crust + 

N6 E pe11etedca1careous crust + 
N6 F softca1iche carbonate tr + tr 
N6 G soft ca1iche carbonate. + tr 

SB1 A ca1carenite + + + tr 
SB1 B ca1carenite tr + + tr 
&B1 C ca1carenitewithcoated a110chems + tr 
SB1 E crumb1y ca1carenite + tr 
SB1 F pe11eted.ca1careous crust + tr 
SB1 Gu. ca1careous crust tr + tr 
S:S1 G1 ca1carenite + + + tr 
SB1 J pe11eted ca1careous crust tr + tr 
SB1 L ca1carenite + + 
SB1 M un1ithified .. ca1carenite - + + + tr 
SB1 M browncarbonate .coatinga11ochems + 

C17 A ca1carenite + + + 
C17 B ca1carenite tr + tr 
C17 C M. annu1aris + 
C17 C ca1careous crust tr + 
C17 D ca1carenite tr + + 
C17 E ca1careous crust + 

) 
C17 G ca1careous crust + 
C32 C un1ithifiedca1carenite .. + + tr 
C32 E un1i thified .. ca1careni te + + 
C32 E brown carbonate coating a110chems + 
GG 3 un1ithifiedca1carenite + + 
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83,000 Yr. 01d Reef Comp1ex 

t. Sam21e No. Descri2tion Aras 
~; 

M«-Cal Cal -gtz Other 

AF20 A ca1carenite + 
AF20 F ca1carenite tr + + 
AF20 H ca1carenite +- + 
AF20 L grey pe1leted crust below A. Ealmata + + 
AFD2 B2 calcarenite + + 
AFD2 B3 grey pelleted crus t below A. Ealmata tr + + 
AFD2 B4 pelleted (submarine) crust + 
AFD2 BS crus tose - red algae & calcilutite tr + + 
AFD2 B6 crustose redalgae & calcilutite + + 
AFD2 B7 calcarenite tr + 
AFD2 B8 calcilutite tr + + + 

B21Al A A. Ealmata + + 
B21Al B crustose red algae + tr 
B2lAl C calcilutite tr + tr 
B2lA2 A A. Ealmata + + 
B2lA2 C very fine calcarenite + tr 

"B2lA3 A A. Ealmata + tr + 
B2lA3 B very fine calcarenite + + 
B2lA3 D crustose red a1gae + 
B21Bl A A. 2almata tr + 

-B2lBl B calcarenite + 
... B2IBl,; C. ca1cilutite + tr 
t B2lB2 C calcilutite + tr ... B2IDl A A. Ealmata + tr 

B2lDl B Crustose red algae + 
B2lDl C Calcilutite tr + tr 
B2lABl Calcilutite tr + tr 
B2lAB2 Calcilutite + + 
B2lAB3 Calcilutite + + 
B2lAB4 Calcilutite + 
B2lABS Calcilutite + 
B2lD 4 Calcilutite + 
B21D 5 Calcilutite + 

RBl Al M. annularis + + 
RBl A2 Very fine calcarenite + 
RBl. A4 Chalky calcareous crust + + 
RBl Bl Calcarenite + + 
RBl Bl(2) Calcarenite tr + 
RBl B3 Calcarenite tr + 
RBl Dl Calcilutite + tr 
RBl D2 A. Ealmata + tr 
RBl D3 P·-Eorites-&.calcareous crust + + 
RBl DS Pelleted calcareous crust + 
RBl A3 Calcarenite tr + 

RB3 Al Calcarenite + + 
, RB3 A2 Calcarenite + tr 

RB3 A3 Calcilutite + + 
RB3 Bl Calcilutite + + 
RB3 B4 Calcarenite + tr 
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Samp1e .No::.. ..... _._ ......... Des.cription ... ' ... _ ........ . .- .... - . ..Arag .. -__ Mg-Cal. 

RB3 Cl 
RB3'C2 
RB3 B3 

RBD lA 
RBD lB 
RBD.lC 
RBD2. 
RBD 3. 
RBD3 
RBD 3(1) 

calcarenite 
calcareous crust 
ca1carenite 

calcilutite 
ca1cilutite 

. pel1eted.-c.J:US&;..on...A..--cervicornis 
.. calci1utite -
ca1carenite 
pel1eted:·.crust. (submarine) 
pel1eted .. crust.below. A. pa1mata 

RBCR 1 brecciated.calcilutite & 
ca1iche.carbonate 

RBCR 3 brecciated .. calcilutite & 
ca1iche carbonate 

RBCR 4 pe1leted .. submarine crust 
.. around-A •.. cervicornis 

RBeR .5 .... calcarenite 
RBCR .. ~7 ...... -- calcareni te 

B2s.A. . .. M •.. annularis 
B2sB. ca1ci1J,lti.te 
B25.C .... P •. porites .. and.calcilutite 
B2s D ......... calcareni te 
B2s; EL ..... ~a1carenite 

+ 
tr 
+ 

tr 

tr 

+ 
+ 

B2s. E2 .. :Dip1oria. s·trigosa tr 
B2sG .ca1cilutite 
B2s Hl.. .M •. annularis +. 
B2s H2 ... crustose ... red ... algae ... &. calcaren:lte 
B2s K calcarenite 
B2s N. A. palmata tr 
B2s 01 calcilutite 
B2s 02 calcilutite 
B2s P calcarenite tr 
B2s Q P. porites + 
B2sR crustose red algae 
B2s T calcilutite 

WBs Dl 
WBs D2 
WBs D3 
WBs D4 
WBs El 
WBs E2 .. 
WBs FI 
WBs. F2. 
WBs Gl 
WBs G2 
WBs HIA 
WBsHlB 
WBs H2 
WBsJ 
WBs KI 

A. palmata 
calcarenite 
crustose red algae & .calcarenite 
calcarenite 
A •. palmata 
calcarenite 
calcarenite 
M. annularis 
A. palmata 
calcarenite 
A. cervicornis 
calcarenite 
A. palmata 
calcareous crust 
Strombus & calcarenite 

+ 

+ 

+ 
+ 

+ 
+ 
+ 
tr 

+ 

+ 

tr 

tr 

. Cal 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

tr 
+ 
+ 
+ 
tr 
+ 
+ 

tr 
+ 

+ 
tr 
+ 
+ 

Qtz 

tr 

+ 
+ 
tr 
+ 
+ 
+ 
+ 

+ 

tr 
tr 
tr 
tr 

tr 
tr 
+ 
tr 
tr 
tr 
tr 
tr 
tt 

+ 

+ 
+ 

+ 

tr 

tr 
tr 

Other 

1 
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SamEle No •. DescriEtion Aras· .Ms-Cal Cal gtz Other 

WBS· K2 calcareous crust + 
WBS K3 . calcareous crust tr + tr 
WBS K4 calcareous crust tr + tr 
WBS K5 calcareous crust + 

WB7.Al calcarenite + tr 
WB.7-A2 . A •. Ealmata + 
WB7.A3 . DiEloria + tr 
WB7.::S1 .: A •. · cervicornis + tr 
WB7B2 Calcarenite + + 
WB7 C2 Calcarenite + tr 
WB7 Dl Calcarenite + tr 
WB7. ... D2. A. Ealmata + tr 
WB7 D4 Calcarenite + + 
WB7 El Calcarenite + + 
WB7 E2 A. Ealmata + tr 
WB7.E3 .. M •. annularis + tr 
WB7 K3 Calcareous crust tr + 

L3 Calcilutite. (clast) + 
L6 Sand + + 
L7 Sand tr + Feld. 
LB Sand +. + Feld. 
LIS Calcarenite + + 
L16 .. .Calcilutite + + Feld. 
LI6.C Calcarenite + + 
Ll9 Calcilutite .. (white mottle) . + + 
Ll9 Calcilutite. (white·mottle) + + 
L19 Calcilutite (white mot.tle) + + 
Ll9 P. Eorites & calcilutite tr + tr 
L19 Brown. sand tr + 
L20 Calcarenite + tr 
L20. Calcilutite + + 
L22 A Calcarenite + + 
L22.B Calcilutite + tr 

LCR l Crumbly cali che carbonate + 
LCR2 Crumbly. caliche carbonate + 
LCR S Calcarenite + + tr 
LCR 7 calcarenite & calcareous crust + 

GC.AI .calcarenite + 
GC A2 calcarenite matrix of 

conglomerate tr + tr 
GC B3A calcarenite + tr 
GC B3B calcilutite + tr 

SG7 A Goniolithon + tr 
SG7 B calcarenite + + 
SG7 C calcarenite + + + 
SG7 D. calcilutite tr + + 



Sample No. 

B6 
B8 
B14 A 
B14 B 
B14 C 
B15 A 
B15 C 
B16 A. 
B14 D 
B16 B 
B17 C 
B17 D 

P25A 
P25 B 
P25 C 
P25 D 
P25 E 
P25 F 

P13 

SD 1 
SD 1 
SD 2 
SD 2 
Sl A 
Sl B 
Sl C 
Sl D 

FW1A 
FW1B 
FW2A 
FW2B 
FW2 C 
FW3A 
FW3B 
FW4 B· 
FW4D 
FW7A 
FW7B 
FW8 
FW9 
FW10 A 

. FW10 B 
FWll· 

') FW12 
FW33 

224 

Description Arag 

calcarenite 
calcarenite tr 
A. palmata + 
calcareous crust 
calcarenite 
P. pori tes & calcareous crust 
caliche carbonate tr 
A. palmata + 
calcarenite + 
calcarenite 
calcarenite tr 
A. . cervicornis + 

104,000 Yr.Old Reef Complex 

calcarenite 
calcarenite tr 
calcilutite 
calcilutite 
calcilutite 
calcilutite 

calcarenite tr· 

calcilutite 
calcilutite 
calcarenite tr 
calcarenite 
calcarenite 
calcilutite 
calcarenite tr 
calcilutite 

very fine calcarenite 
A. cervicornis _. 
very fine calcarenite 
very fine calcarenite 
A. cervicornis tr 
very fine calcarenite 
A. cervicornis tr 
A. palmata . + 
very fine calcarenite + 
calcarenite 
calcarenite tr 
calcarenite tr 
calcarenite 
calcarenite 
calcarenite 
calcarenite 
calcarenite 
calcilutite 

Mg-Cal Cal 

+ 
+ 
tr 
+ 
+ 
+ 
+ 

tr ·tr 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Qtz 

+ 
+ 

tr 
tr 
tr 

tr 

tr 

tr 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

Other 
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Sam2le No. Descri2tion. - . -Aras-· . MS-Cal ·,Cal. gtz Other-

USIA "sandy.. calcarenite, + + Feld. 
USI B sandy ,_ calcarenite + + 

FHD 1 sandy calcarenite + + Feld. 
FHD 2 sandy-calcilutite + + Feld. 
FHD 3 calcilutite + tr 

B26,A calcarenite + tr 
B26B- 'calcareni te + 
B26,C "M •. annularis + tr 
B26 C Di2loria + -+ 

. B26 C M. cavernosa. tr + 
B26.-D -A. :,.cervicornis - + 
B26'E calcarenite + + 
B26 F calcarenite + tr 
B26 G -calcarenite + tr_ ... 
B26 K M. annularis + + 

. ,' 

B26.N. calcarenite + + + 

B23 A A. 2almata + tr 
B23 B calc~renite tr + tr 
B23 C -P .• astreoides + 
:823 C calcarenite + 
B23 D calcareni te - + + 
B23_E calcarenite + + 
B23 F M. cavernosa + tr 
B23 G M. annularis tr + 
B23 H calcarenite tr + tr 
B23 J A··,2almata + tr 

B4 C. calcarenite + + 
B27 calcarenite + 
B28 A calcarenite + + 
B2~-B calcarenite + + 
B30.A calcarenite + tr 
B30 B calcarenite + tr 
B32 calcarenite tr + tr 

Ml7 calcarenite + tr 
M30 calcarenite + + 
M3l calcarenite + tr 
Ml9 calcarenite + 

) 

1 
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Sample:No. Desc.ription . . .·Arag· Mg-Cal . Cal Qtz Other 

B2A 
B3A 
B3. B· 

·M22;. 

SHl2 
SG22. 

o .. Bl0"A-. 
C32A 
M45B 
SH26.:: 
SG9··.·'. 
C24··B 
M4lC. 
M34. o' 

SHl.O 
M47 
AF42· 

SHlO. 
SH23. 
M45-C 

Undated (Older~) Pl.eistocene Carbonates 

calcarenite 
calcarenite 
cal.carenite 

·.cal.c.arenite . 

· calcil.utite . 
. calcarenite·· 

Rlio-Pl.eistocene 

· Amphis.tegina limestone 
PhY:lloïd;:.alga], limestone·. 

· Phylloid~;algallimestoiu~ 
Calcil.utite· 

.. Amphistegina' l.imes'tone .. 
: oAmph:Lstegina l.imes toue 
: Anrèhistegina. l.imestone. 
Amph:l.stegina l.imes toxie.,. 

·:Phyl.loid"c.a1gal. .. limestone 
o .. Anrèhistesina: l.imes totte:. 
.' ~his.tegina l.imestone 

Sand 
SandE;ltotte 
Sandsto~e 

Scotland Formation· 

+ 
+ 

.+ 

+ 

+ 
+ 

+ 
+ 
+. 
+ 
+. 
+ 
+ 
+ 
+. 
+ 
+ 

. tr 

+ 

+ (fel.dspar 
+ (sericite 
+ (illite 
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Sample.No. Porosity 

N3 B 

N4 F 

CHA 

N4 G 

SB1.B 

SBl G 

C17.B 

N4 B 

SBl C. 

SBl A 

N6A 

AFD2 B3 

AFD2 B4 

AF20 L 

AFD2 B7a 

Porous 

,Porous 

.Porous 

.Porous 

Porous 

.Porous 

,Porous 

.Porous 

Porous 

Porous 

Porous 

.Porous 

.Porous 

Porous 

Grain 
Size 

·cs. 

cs. 

cs. 

m-cs. 

cs. 

m-cs. 

.cs. 

vf,..cs. 

cs. 

m-f. 

m-f. 

APPENDIX D (TABLE 6) 

SAMPLE DESCRIPTION 

Classifieation. 

60,000 Yr •. Old Reef Terrace 

Amphiroa, coral. (a) ~, penerepelid·,. tounded, .intrabiospar~ te 

cora1..(v), peneropolid., .molluse".(v)·,. reunded,intrabiosparite 

. Homotrema. (mc) , peneropolid (me).;.~ rounded;- 'in~rabiospari te 

pen~ropolid; coral,·' Amphiroa·, moll~sc' (a), rounded, intraQiospari te 

peneropolid, . coral (a) ,. mo11usc" (a),Amphiroa . (mc) , . rounded; . intrabiospari te 

penerepolid .. (mc) , -mollusc .. (ah • Amphiroa . (mc), rounded, intrabiospari te 

. Homotrema,.mollusc -Cv) ,Amphirea'; :rounded; in~tabiosparite 

Li th6thamnion, ... Amphiroa, rounde~'i-in~rabiospari te 

coated grain, rounded, intrabiosparite 

Sediment Underlying 60,000, tr·.·,O:ld.·' Reef Terrace 

Homotrema, miliolid, Lithethâmnièn, 'sorted, .biosparite· 

Homotrema,Lithothamnion, ser~ed, biosparite 

83,000 . Yr •. Old Reef .. Complex . ...-".p àlmata . Zone. 

bimodal cs. Homotrema:& f. coral· (a) "unsorted, intrabiosparite· 

m. Homotrema,Lithothamnion, coraL (v):,sorted, biosparite. 

cs-m. Homotrema.~ Lithothamnion,Amphiroa,unsorted·, biomicrite 

f. coral (v), sorted biosparite 

* a11 constituents are calcite except when denoted as·' (a)',aragonite,(mc) Mg,..calcite, or (v) void. 
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Grain 
Sample No. Porosity Size,ClassificatiQn . 

--

AFD2 B7b 

AFD2 B9 

B2lD4 

B2IB.IC 

B25 T 

WBS G2 

RBD3 C 

RB2 A2(2) 

B2lA 2C 

RB3 Cl 

B2lD IC 

RB3 B4A 

B2lB 2C 

B2lAB 

RB3D 

RB3 C3 

B21D AB 

RB3 BI. 

B2SB 

RBD 2(3) 

RBD lA 

RBD2 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Parous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

cs. 

f. 

himodal 

cs. 

cs-ft 

f. 

cs. 

m. 

cs. 

m-f. 

cs. 

v.f. 

vf.· 

m. 

cs. 

f. 

, cs. 

Amphiroa,mollusc, unsorted biomicrite 

coral (v)·& (a), sorted biosparite 

cs~ Amphiroa,.mollusc, Homotrema& f. coral, unsorted, biomicrite 

Amphiroa,.Homot~a, mollusc, unsorted, biomicrite 

Amphiroa,.mollusc, coral. (a), unsorted, intrabiosparite. 

coral (a), sorted biomicrite 

Homotrema, ,Amphiroa, .unsorted, biomicrite 

Amphiroa,.Lithothamuion, ·Homotrema, unsorted biomicrite 

Amphiroa, ·Lithothamnion, Homotrema, unsorted, biomicri te 

. cora l.(a), Amphiroa, mollusc,unsorted biomicrite 

Amphiroa,. coral. (a),. Homotrema, unsorted biomicrite 

pelsparite 

Amphiroa,.unsorted biomicrite 

Homotrema,Lithothamnion,.Amphiroa, unsorted,biomicrite. 

Homotrema, Amphiroa, unsorted·biomicrite 

microsparite 

micrite & pelsparite . 

Cervicornis Zone 

micrite 

Amphiroa, mollusc, unsorted, biomicrite 

coral (a), sorted, biosparite 

Amphiroa, Homotrema,unsertedmicrite & pelsparite 

sandy micrite 

N 
N 
00 

~} 

>j 

.'. 
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1 
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Sample.No. 

B21 D 

RBI DI(b) 

RBC.4. 

LCR 5 

RBCR 6 

B25 D 

B25 C 

B25 E 

RBCR 5 

Ll9 

Bl7 C 

Ll3 B 

B25 (ll , 
RBI B2 

RBI BI 

RBI Al 

RBI A2' 

RBI B3 

RB3.E5 

RBI A3 

RBI A4 

Grain. 
Por6stty SizeClassification _____________________ _ 

Porous ·cs. 

Porous ·m. 

Porous cs-f. 

Porous m·. 

Porous ·bimodal 

Porous bimodal 

Porous m·. 

.Porous 'bimodal 

Porous .bimodal 

Porous vf. 

Porous f. 

Porous cs-vf. 

Porous m. 

. Porous cs-vf • 

Porous bimodal 

Porous bimodal 

Porous cs-f. 

Porous cs,...f. 

Porous cs. 

Porous cs. 

Porous cs. 

Amphiroa,.Homotrema,.unsorted, biomicrite 

sandy. Amphiroa, .. sorted, . in~rabiospari te 

Homotrema,.coral (a), unsorted, biosparite 

.Porites,...Thalassia Zone 

Amphiroa, pèneropolid,unsorted, biosparite 

cs. mollusc &·f. coral (a), unsorted biosparite 

cs. mollusc,.Amphiroa & f •. coral (a), unsorted, biomicrite 

Homotrema, coral (a), molluBc, unsorted, biomicrite 

cs. mollusc, Amphiroa & f. coral (a), unsorted, biomicrite 

cs. mollusc &. f. coral (a)., unsorted, biomicrite 

sandy, biomicrite 

coral (a), unsorted, biomiarite 

molluBc, coral (a), unBorted, biomicrite 

coral (v), mollusc (v), unBorted, biomicrite 

coral (a), molluBc (a), unBorted,- b:i,omicri te 

cs. coral (a), mollusc (a), unsorted biomicrite 

.cs. Amphiroa, coral (a), mollusc (a) & f. unsorted biomicrite 

coral (a), mollusc'(a), Homotrema, unsorted biomicrite 

coral (a), malluBc (a), unsorted, biomicrite 

mollusc (v) & (a), unsorted, biomictite 

Homotrema, unsorted, biomicrite . 

Homotrema, Amphiroa, coral. (a), unsorted, biomicrite 

N 
N 
\0 

1 
1 

1 

1 
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Sa~_llQ. _Po!'osity 

..... 

L19 

L20 

WB7 B2 

WB7 El 

WB7 B7 

WB7 B2 

WB7 C2 

L19 (2) 

L7 

L8' 

L16 

SG7 1 

SG7 2 

SG7 4 

GC A2 

AF20 F 

GC.B4 

GC B3 

AF20 H 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Grain 
Size 

f. 

m. 

v-cs. 

Classification 

.Coral-Knob Zone 

sandy, mollusc (a), unsorted, microsparite 

Amphiroa,.unsorted, biosparite. 

algal baIl, .Homotrema, mollusc (v), unsorted, biosparite 

microsparite 

microspari te 

microsparite 

microsparite 

f. sandy, mollusc (a), unsorted, microsparite. 

vf. sandstone 

vf.' 

cs-vf. 

cs. 

cs. 

cs. 

cs. 

f. 

m-f. 

cs-m. 

m-f. 

sandstone 

unsorted, biosparite 

F#ng~pg---re~( Facies 

Homotrema, Lithothamnion, unsorted, biomicrite 

Homotrema, mollusc (v), unsorted, biomicrite 

Homotrema, Lithothamnion, unsorted, biomicrite 

Basal Lithologies 

unsorted biosparite (conglomerate clast) 

sandy, Amphiroa, unsorted, intrabiosparite 

sandy, coral (v), mollusc (v), Lithothamnion, unsorted, intrabiosparite 

sandy, Lithothamnion, unsorted, biosparite 

Amphiroa, unsorted, biosparite 

.•. ____ •.••. ___ ,_~_._.~._,,_ .... ~ _____ ........ ~~ ....... _~ __ ~_,_...:;.c..<. ___________ ~'.H_ ...... _. ____________ ·_ . -----.. ----. 
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Grain i 
Sample No. Porosi ty Size Classification! 

-- - - --- ----- -- - --- --- ------ ~ 

J 
AF20 .G Porous m-f. sandy, Amphiroa, ûrisorted, intràbiospari te '. 

RB3 E2 Porous cs. sandy, Amphiroa, unsorted, biosparite 

WB5 D Porous f. sandy, Homotrema, Amphiroa, unsorted, biosparite 

WB5 E2 Porous bimodal cs. Amphiroa, Homotrema &vf. unsorted, intrabiosparite 

LIS A Porous sandstone 

LIS B Porous cs. Amphiroa, unsorted, biosparite 

l04,OOO.Yr. Old Reef Complex - Palmata Zone 

SI C Porous m. Amphiroa, sorted, intrasparite 

SD 2 Porous m. coral, Amphiroa, Homotrema, sorted, biosparite 

SD.2 Porous cs. Homotrema, mollusc, unsorted, biomicrite 
N FHD·l Porous' sandstone w 
~ 

FHD.2 Porous f. sandy, Homotrema, Amphiroa, coral, uns'o'rted, biosparite 

FHD.3 Porous f-vf. coral (a), packed, intrabiomicrite 

US 1 Porous sandstone 

US 2 Porous bimodal sandy, cs. coral (a) & f. quartz, unsorted, biosparite· 

Cervicornis Zone 

P25 C Porous bimodal cs. Amphiroa & f. coral, sparse, biomicrite 

P25 E Porous bimodal cs. Amphiroa & f. coral, sparse, biomicrite 

P 25 F Porous bimodal cs. Amphiroa & f. coral, packed, intrabiomicrite 

P13 C Porous bimodal cs. Amphiroa & f. coral, packed, biomicrite 

P13 D Porous bimodal cs. Amphiroa & f. coral, unsorted, biosparite 

SD 1 . Porous cs. coral, Amphiroa, packed, biomicrite 
1 

1 

i 
i 
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8ample No. Porosity 

FWl A 

FW2 A 

FW7A 

PIS 

M52 

M52 

M3l 

FW8 

FW9 

FW30 

FW3l 

FW32 

81 B 

82 B 

FW10 A 

FW33 

82 A 

FWlO B 

FW28. 

FW20 B 

FW20 A 

FW34 

.Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

\ Porous 

. Porous 

Porous 

Porous 

. Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Grain 
8ize 

cs. 

m-f. 

m. 

cs. 

m. 

cs. 

m. 

f • 

f~ 

f. 

f • 

f. 

m-vf. 

cs-m. 

cs-f. 

m-f. 

f. 

m. 

m'·· --• .J, • 

m. 

m. 

m. 

Classification· 

Amphiroa, mollusc (v), sparse, biomicrite 

molluse, coral, packed. biomicrite 

Back-reef Facies 

sandy, coral (v), mollusc (v), peneropolid, sorted, intrabiosparite 

coral, molluse, Lithothamnion,. uns?rted, intrabiosparite 
1._,'. 

Lithothamnion, eoral'j. sort~p(,intraDi:osparite 

coral (a) &·(e), Homotrema, Amphiroa, unsorted, intrabiosparite 

coral, Homotrema, molluse, Lithothamnion, sorted, biosparite 

Lithothamnion, echinoid, sorted, intrabiosparite 

sandy,coral (v), peneropolid,Lithothamnion,unsorted, biosparite 

sandy, .coral, Lithothamnion, sorted, biosparite 

sandy, Lithothamnion, sorted, intrabiosparite 

sandy, Lithothamnion, sorted, biosparite' 

coral, Amphiroa, uhsorted, biosparite 

coral, un~orted, intrabiosparite 

Lithothamnion, mollusc, eehinoid, unsorted, biomicrite 

coral, unsorted, biomicrite 

sandy, foraminifera, sorted, intrabiosparite 

Lithothamnion, Amphistegina, rounded, biosparite 

sandy, foraminifera, Lithothamnion, sorted, biosparite 

sandy, foraminifera, sorted, biosparite 

sandy, foraminifera, sorted, biosparite 

sandy, foraminifera, sorted, intrabiosparite 

I\J 
W 
I\J 

,-! ' 
( 

, 
.:1 
il 
'S 

~j 
, 

j 



L 

Sample No. 

--

FWll 

FWl2 

FWl2A 

A3A A 

A3A B 

B32 

B32 A 

M23 

M19A 

SH26 

SH22 A. 

SH22 B 

C33 A 

C32 H 

M35 B 

M45 B 

C25 E 

SG9 

C24 B 

C37 

M41 C 

M34 

Porosity 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

Porous 

,! •. :_o ~ 

Grain 
Size 

cs. 

cs. 

cs. 

f. 

cs. 

cs-f. 

cs-f. 

cs. 

cs-f. 

cs-f. 

cs-f. 

cs-f. 

cs-f. 

cs":,,vf. 

cs-vf. 

cs-m. 

cs-vf. 

cs. 

f. 

Classification 

sandy, Amphis tegina, .. rounded, intrabiospari te 

Lithothamnion, rounded,intrabiosparite 

Lithothamnion,rounded, intrabiosparite 

sandy, foraminifera,Lithothamnion, sorted, biosparite 

sandy, Amphistegina, Lithothamnion, sorted, intrabiosparite 

Amphistegina, unsorted, biosparite 

Amphistegina, Lithothamnion, unsorted, biosparite 

Amphis tegina , mollusc, Lithothamnion, sorted, intrabiosparite 

Amphistegina, Lithothamnion, unsorted, biomicrite 

Plio-Pleistocene Limestone - Phylloid Algal Unit 

sandy, planktonic foraminifera, sparse, biomicrite 

crustose red algal, intrabiolithite 

crustose red algal, unsorted, intrapelsparite 

crustose red algal, Amphistegina, unsorted, intrapelsparite 

crustose red algal, planKtonic foraminifera, packed, intrapelmicrite 

crustose red algal, intrabiolithite 

crustose red algal, packed, intrapelmicrite 

Amphistegina Calcarenite Unit 

Amphistegina, unsorted, pelbiomicrosparite 

Amphistegina, packed, pelbiomicrite 

Amphistegina, Lithothamnion, unsorted, pel~iomicrite 

Amphistegina, unsorted, pelbiointramicrosparite 

Amphistegina, planktonic foraminifera, unsorted, microsparite 

sorted, intrapelmicrosparite 
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APPENDIX E TABLE 7 SAMPLE NO. 

FORAMINlFEUA-FROM .. OOEANIC FORMATION . . . . . . 
t: t: t: t: t: 

AT CLUFF' S BAY, NORTHERN BARBADOS 0 0 0 O' 11'\ 
.-l N ('1 ..::t .-l N ('1 11'\ 0\ 
1 1 1 1 1 1 1 1 1 

\0 \0 \0 \0 0 0 0 0 0 
(identified by K. Laborde) ('1 ('1 ('1 ('1 N N N N N 

tJ tJ tJ tJ tJ tJ tJ tJ tJ 

Globigerina senni (1eckmann) x x x x x 
Globigerina boweri Bolli x x x x 

Globorotalia aragonensis Nuttall x x x x x x x 
Globorotalia bullbrooki Bolli x x x x 
Glohorotalia spinulosa Cushman x x 
Glohorotalia lehneri Cushman & Jarvis x x x N 

Globorotalia centrRlis Cushman & Bermudez w x x -Il'-

Globorotalia bolivariana (Petters) x x 

Globigerapsis kugleri Bolli, Loeblich & Tappan x x x x x 
Globigerapsis index (Findlay) x x x 
Globigerapsis semiinvoluta Keijzer x 

Globigerinoides higginsiBolli x x x x x 
Globorotaloides suteri Bolli x 
Globigerinatheka barri Bronniman x 
Truncorotaloides topilensis (Cushman) x 
Truncorotaloides rohri Bronniman & Bermudez x x x x x x x 
Ca~apsydrax cf. dissimilis Cushman&Bermudez x x x x x x 
Hantkenina aragonensis Nuttall x x x 
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Plio- Pletstocene lirnestone 
C20 

----------1 

C36 4 

lOft 
20ft 
30ft 

2 

OCEANIC FM. 50ft 

95 ft 

Sample localities for Tertiary Forcminifera 
Cluft's Bay, Barbados 

Figure 33. Sample localities of Eocene foraminifera in the 
Oceanic Formation, Cluff's Bay, Barbados. 
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APPENDIX F 

RADIOMETRIC·AGE.DETERMINATIONS 

AlI radiometric age dating was carried outat Kanazawa University, 

Department of Earth Sciences, under the direction of Aldo Omura. In aIl 

230 234 231 .. 235 cases, both Th /U and Pa /U- ratios-were determined on the 

material supplied • 

. Samples·of coralwere used·for age-determination·in aIl cases except 

two, when· gastropods· were analysed·~. Each. sample·was-first checked by 

X-Ray·diffraction·to, confirm thataragonitewas·the .. onlycarbonate 'mineral 

phase present. Thin·.sectionswere .. cuttodiscern.-whether .. epitaxial aragonite 

was· present in the'pores- and, if· ,solution·, of· the -skeleton· had conimenced. 

Age· determinations·were-only carried- outon-·those .. skelet:ons·-that were ex-.. 

clusively' aragonite- ·wi th no- secondary· cement -precipi tation. 

Samples . were. c01lected· from scim~· of the .. ou.tcrops: already dated by. 

Meso1ella and· others (1969)· and· these·.sampleswere· analysed. along with 

the samples' of- unknown-.age . (Table. 8).·.· The· close· agreement between age 

determinations. onsimi1ar samplesby,Mesolella.and·-others (1969) and Omura 

(this study) .suggests··that the· remaining- recently .determined radiometr:tc 

ages -from-northern· Barbados can-be, added--to· those· obtained by Mesolella 

andothers (1969)· toyield an almost .complete.chronology of the late 

Pleistocene"limestones' on the· island· •. ' Radiometr.ic ages-.of the undated 

. material .from .northern·.Barbados-are ... listed,·-:Ln-Table .9·..,and .. each sample is 

located on·· the accompanying map. 

236 
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Sample 

B-OC­

J-OC 

B-FS 

J-FS 

B-FT 

J-FT 

B-AFZ 

J-AFZ 

B-ADR 

J-ADR 

* Samples with prefix "B" are from-Mesolella and_others (l969;Tabie--l; p. 257) ;samples with prefix "J" 
werecollected-from the sameoutcropby-James -and-datedby-Omura:(this study).-

** Coral spedes Ma=Montastrea annulads; Ae=Aereporacervicomis,; Ap=Aeropora palmata 

1 
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TABLE 9 :J 
-, 
t 
1 

Radiometrie Ages, of Previous1y- Undated Samp1es-From Northern Barbados* 1 

Samp1e Materia1 U238 J34:u238 Th230:u234 pa231:U235 Th230Age pa231Age 1 
J 

3 3 -, 

** (ppm) ~_ (x10 yr) (x10 yr) j 
j 

GG1-A Pa 3.06 ± 0.06 L09 +0.03 0.442 + 0.012 0.742 + 0.024 6.3 + 2 63 + 2 
1 

GG1-B Pa 3.01 + 0.03 1.13 + 0.03 -0.436 + 0.012 o .723 + 0.025 63 + 2 60 + 2-

GG-2 Cp 0.245+ 0.010 1.15 + 0.06 0.420+ 0.018 0.699 + 0.036 59 + 3 56 + 3 i 
j 

SB4-B Cp 0.720+ 0.018 1.09 +0.03 0.419 +0.016 0.692 + 0.030 59 + 2 55 + 2 j 

1 
B6-A Ap 3.79 + 0.08 1.08 + 0.03 0.516 + 0.015 0.831 + 0.030 79 + 2 83 + 3 1 - - -

1 
B21A-3A Ap 3.76 ± 0.09 1.13 + Oi04 0.533 + 0.016 0.836 + 0.028 83 + 2 83 + 3 N 

w 
WB7-E3 Sr 3.14 + 0.05 L13 + 0.02 -0.534 + 0.011 0.823 + 0.020 83 + 2 81 + 2 co 

1 
j 
! 

FW Ap 3.43 + 0.01 1.08 + 0.05 0.621 + 0.020 0.888 + 0.040 105 ± 3 103 + 3 
1 
i 
1 

US-1 Ap 3.83 ± 0.08 1.10 + 0.03 0.605 + 0.016 - 0.862 + 0.029 100 + 3 93 + 3 1 
! 

C-44 Ap 3.96 + 0.06 1.06 + 0.02- 0.589+ 0.012 0.877 + 0.026 97 + 2 98 + 3 1 -

B26.,.C Ap 2.66 + 0.07 1014 + 0.04 0.633 + 0.020 0.882 + 0.038 110 + 3 100 + 4 

B22 Ap 4.11 + 0.09 1.09 + 0.03 0.630 + 0.018 0.901 + 0.032 108 + 3 108 + 4 

AF-50 Ma 3.54 + 0.08 1.04 + 0.02 0.690 + 0.014 0.929 + 0.036 127 + 3 124 + 5 

* See Fig. 34 for samp1e locations. 

** Cora1-speeies Pa=Porites astreoides', Ap=Acropora:palmata, Sr=Siderastrea radiens, Ma=Montastrea annu1aris 

Gastropod Cp=Cittarium pica 
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Section 

- P28 

SD 2 

. FR'l 

,·FR' 2 

FR3 

AFD lA 

AFD lB 

B21 

RBD 3 

RBD 4A 

L15 

L22A 

L22 B 

Total 

240 

APPENDIX G 

TABLE 10 

MINERALOGY;; OF, .. AGROPORA:·PALMATA . COLONIES 

-. IN--REPRESENTATlVE-LATE'· PLEISTOGlENE '·REEF SECTIONS 

ON,-NGRlEHEBN BARBADOS* 

Age -Number Aragonite '!Chalk" Transition 

(x103yr) % % % 

- 104 48 0 0 26 

104 -44 -2 0 34 

.. 104 ·49 E) . -le· 63· 

- ·104 -35- 3· 15 69· 

104 24 21· ·10- 67 

83 50 ·28· 10 62 

83 15 -53c 0 47 

83 38 13 0 87 

83 74 ·7 50 43 

·83 20 25 50 25 

·83 .20 0 .10 90 

83 24 0 75 25 

83 26 8 15 77 

467 10% 19% 54% 

* See Fig. 35 for location. 

Calcite 

% 

73 

64 

27 

14 

4 

0 

0 

0 

0 

0 

0 

0 

0 

18% 

-
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Figure 35. Loca1ities where the mineralogy of Pleistocene 
Acropora palmata was investigated in detail. 
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·TABLE·ll 

P0SI,TI0N -0F--1.'CHALKY~'ARAseNl!TE OR. CALCITE 

IN" P ARTIAl.LY-·Ar:.TERED-· PLEIST6CENEo"AElR6P0RA, P ALMATA FRONDS 

Total 251 31 152 61 7 

% 100 12 61 24 3 

* axial a1teration -·"cha1ky" aragonite or-calcite located at centre 
of fronde 

**. dorsal a1teration- "chalky" aragonite or calcite located at upper 
surface of coral fronde 
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