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ABSTRACT

Separate reef complexes formed on either side of the northern
4Barbados, pre-Pleistocene, . structural arch, during marine transgressions
83,000 and 104,000 years. ago. .Late Pleistocene uplift has exposed
both these reefs, .and also a narrow fringing-reef deposited during the
short, eustatic, high.stand of sea level, 60,000 years ago.

Pelsparite crustsvsurroundihg late Pleistocene, . reef corals were
cémented.in the marine, diagenetic environment. Pleistocene limestones,.
presently in.the intertidal and supratidal zones;. contain Mg-calcite
and aragonite cements.precipitated: from salt spray..

Pleistocene  limestone in surficial, caleareous crust profiles is
altered by solution, brecciation, recrystallization, mieritization, and
boring.' Calcite, precipitated as micrite, needles; and flower spar,
forms cement, oolite-like particle coatings, pelletoids, and crusts.

Solution and recrystallization of scleractinian corals in the
vadose, diagenetic.environment is controlled by coral ‘microstructure.
Concomitant solution.of aragonite and: precipitation of calcite, be-—
ginning at the . .centre of. the trabecula, transforms each original

trabecula into a.clear, central canal surrounded by a ghost, fibrous

texture.
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CHAPTER 1 - 1INTRODUCTION

PURPOSE

In recent years, improvements in underwater exploration techniques
have resulted in increased understanding. of.modern carbonate depositional
environments. These findings.have,.in turn,.greatly.enhanced. our.ability
to specify more accurately.similar:. ancient.depositional.environments..

The most sensitive.indicators.of. ancient. environments,.however,. the. animals
themselves, are .often.extinct.and,.during.transition from loose sediment

to hard limestone,htﬁeiruremains:undergo;manyvchanges.thatﬁfréquently‘
obscure and mask their.original.characteristics.

Many of the. cement. textures. and. alteration. fabrics.observed in.ancient
limestones are similar.to .those .being.produced.today. during .the. diagenesis
of relatively. young Pieistocene.deposits.. This .similarity. suggests. that
many of the .changes.that take.place.early.in the.history.of.a.limestone

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

of separate.reefs;"perhaps“representingndéposition'spanning"thenentire.

Pleistocene...The.island.is.one.of .the.few.localities.where .carbonates, ..
made up of essentially.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.detaiiedninvestigation"of"the.1ate"P1eistoceneﬂlimev
stones on the.northern.part.of.Barbados (Fig..1l)...The.geologic.history,.
and especially.reef. development, is the result.of. the. interaction .between
worldwide late.Pleistocene. sea.level. fluctuations. and.local.tectonics..
Two late Pleistocene.reef.complexes:.are.described and.emphasis.is.placed
on the correlation.between: modern.and..Pleistocene fabrics. and. sediments. .
Four specific.diagegetic.problems.are.examined:..(1).submarine.1ithifi€ﬁ

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

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

L}



Figure 1. Location map of Barbados and the area encompassed
by this study.
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The  results of this integrated.study.will be .of value in deciphering reef
development :and . recognizing.environments of deposition and diagenesis in

ancient limestones.

LAt L vhen w0t GEOLOGIC SETTING. .
Barbados,.. the ‘easternmost-.island of: the:Caribbean, .has,.because of
-its Tertiary sediment: core'.and: superbly .exposed Pleistocene.limestones,
been the subject:of.several.geological.investigations...In the.past, .
most interest has'.centred-.around.the.Tertiary.sediments. (Jukes-=Brown .
and Harrison311891;ﬂTréchmann;«1937;.Senn3w19ﬂ03u1946,;1948;“Beckmann,
-1953, 1956;:Kugler32196i;mSaundétsuandiCodry,v1965)3m.Inutheulastudecade,
with renewed.interest.in.carbonate:sedimentation.and.the .application.of.
radiomeqricxdatingﬂto:late"Pleistocenevdeposits;nthe;Eleistocene.1imestone.
venéer, orﬂ“Cotal%Cap“;zhasucome:underwcloser~scrutiny"(Russell, 19663
Mesolella and -others,:.1969, .1970).

The island.is .an.emergent:.portion:of-. the .north-south .trending .submarine
ridge of Tertiary.rock.curving.northward.from.Trinidad.and.Tobago.(Fig. 1).
Tertiary strata:strikennortheast.(Trechmann3;1937;u8enn,.1946) and main-
tenance of this.orientation-to-.depths.of.over.4,650.meters. (15,000 . .feet)
(Baadsga%rd;“1960iiis:an:indication:ofztheuregionalunature.of.the.structural
pattern-.: Thetgeolo%?nof'the:ridgenitselfnis:extremely complex. . .Deep. .
tests drilled-.on' the: island.:penetrate .large.scale.faults.and.overturned.
sequenceS'(Baadgsgagrd;i1960):u:Thisucompiesttructuremmayube.caused.by.
the compressionzofathescontinentai;margin:as:twczcrustaluplates.collide.
(Schneider, .1969). . The :3,350-meter: (10,800 .feet) .test.at .Friendship, .on..
northern Barbados, -encountered.approximately:125 meters . (400 .feet) .of ..
Oceanic' Formation'.overlying . an:extensive.clastic.sequence.of .the .Scotland..

Formation.- ' The 3,225 meters (10,400 feet) -of Scvotland Formation seems to



TABLE 1

FORMATIONS ON RARBADOS

THICKNESS
ERA PERIOD EPOCH FORMATION MEMBER I8 MEIERS LITHOLOGY
BOLOCENE
= .
E CORAL LS. MBR. 80 Massive coral and coral-algsl liowstons
: 100
3
& PLs1sTocmaE | SoRAL ROCX A HISTECTIA 20 Well-bedded foraminiferal limestone
2 MBR.
PLIOCENE
MIOCENE
MMWWWW
BISSEX BILL 21 11 and Globi marls grading up
FORMATION. into Globigerina marls and lenses of Globigerina
1imawtone
- VPPER e Sl e e T
= RIVER LSTATE Globigerina marls and beds of Globigarina
» GLOBIGERINA tone
© MARLS 1000 ues
[-] WWWW\—W
o | roous
i (e ey S T P S
= CODRING~ 130 Well-camanted clayey Globigerina mazls
e LOWER TON COL- T
© > 5 LEGE MBR. |/ FLOW 55 Dark grey, pabbly sile with blocks of oil sand
s o g PATH UPPER 55 Creyiah Radfolaria-Glcbigerina marls
e - MBR,
. - vePER -] LOWER 50 § Radiolsria-Globigerina marls and volecsnic ash bads
[ ]
o " ] T, UPPER 340 Radiolaria marls and clays with intarbeds of
- o 2 HILLASY g volcanic ash
[ ] 2 ez, LovER 22 Radiolaria-Globigerina marls
b L] s Globigerina marls and maristones
R e T S
JOES RIVER 0 ~ 500 Dack grey pebbly silts with green clay pebbles
: womoLE FORMATION and blocks of tar sand
B FRESH WATER LS. k4 Blocks of limestones with freshwater molluscs
: o MT. ALL MER. 520 Interbadded silty and sandy shales and sands
- 4 E CHALXY MI. MBR. 100-230 Coarse sands, gritty silts, lenses of concraticnmary
= § calcarsous grie
o~
§ MURPHYS MBR. 70-110 ] Interbedded silts and fines sands
MORGAN LEW1S 460-520 § Grey ailty and sandy shales with green clay
LowER g MBR. =3 inclusions and brown claystone nodules
g Grey silty and sandy shales with green clay
w WALKERS MBER. 520-560 inclusions and brown claystone nodules inter-
bedded with sands
PALEOCENE Blocks in Joes River and probably
P 1n oil wall
CRETACEQUS

(from Macintyre, 1967)



BARBADOS  GENERAL STRATIGRAPHY

Pleistocene reef carbonates

Plio—Pleist carbonates

' Middle Tertiary Oceanic Fm
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Figure 2. General stratigraphy of Barbados.




6
be all overturned .and .to. contain at least three majot thrust sheets
(Baadgsgarrd, 1960). .
Barbados .can beuseparated:into.two;distinct:physiographic regions:
(1) the ScotlanduDistrict;:underlainuby outcropping .Tertiary .strata and.
(2) the Coral.Cap;zunderlain'by'ausuccession;ofuterraced.Eleistocene.lime—
stones which rise:to:330uheters.(1070.feet)uabove.sea.level (Fig. .1). .

- The fertiaryasuccession:exposed~in'théuScotland'District.and.in.
various wells .is outlined .in.Table.I. In.general, .a basal .sequence .of
Lower to MiddlenEoceneuclastics.(Scotland:Eormation).is.overlain.by.Middle
Eocene to Miocene marls.and.limestones:(mainly:Oceanic Formation). .

The igland.appears.to.have.been.uplifted.more or less continuously

throughout the Pleistocene. A coral reef grew .around .the .emergent portion

of the island duringueachzeustatic-high.standuof'sea.level,.yielding.a
| Pleistocene:terraced'1imestone.veneer.over.thexcore.of.Tertiary.strata,
with each terrace:representing;a.single:highustand 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 yearSnold-and.each.higherureefuterrace.is:slightly.older than .the
one below. Two terraces, .the "First High' C1iff" and ."Second High Cliff"
(Senn, 1946) (Fig. .2, 3),.have.greater.relief.thannthe:others.and stand
out as continuous.features.around.most'of.the'island. The First High Cliff
(average crest .elevation 34.meters)u(120.feét).is.a.127,000.year.old.reef
complex. Two.younger.terraces;.104,000:and:83,000.years old, .1ie .below
it. Between.the First and Second .High .Cliffs .are a series of .terraces
dated-between}l70;000aand:230;000.years.old..uThe Second .High .Cliff (average
crest elevation 150umeters)u(480'feet)uand'highernterraces.appear-to,represent

reef  complexes formed more than' 250,000 years' ago. -Original depositional
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Figure 3. Areal distribution of certain prominent Barbados
reef terraces (after Mesolella and others, 1969).
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topography of the reef'terracesuhas:been-modifiedvtouvarying«degrees by
subsequent wave abrasion  when they were sea cliffs and, later, by sub-

aerial solution.
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The application of the Scanning.Electron‘Microscope to problems of
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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 .at the .base.of the .Second
High Cliff (Fig. 3). The Second High:Cliff .has :roughly'.the same .shape
as the present shoreline, .sweeping.in.a-.gentle-.arc-.from.the northeast . .
Scétland 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.. Only on-the'southwestern.side.of the'.plateau do terraces .
appear and southward'theyteventuallyzbecome:distinct'physiographic.features.
The ﬁorth~Poiﬁtashe1fzi8'not:simply.Bleistoceneilimestone;'aS'suggested by
Mesolella and others .(1969), .but contains-.numerous scattered Tertiary
»outcrops-ofudiffering:lithologyt(Fig;'4);'imp1ying"under1ying topographic
felief of some complexity. .

The reportedly late .Pleistocene limestones'.below the Second High Cliff
on'northernuBarbados.weretmapped:in:detail.inzorder:to:provide.a.stratie
graphic andustructuraluframework:inzwhich'torconduct:investigations of
reef development'andﬁcarbonate.diagenesis;t:Stratigraphy,determined.from.
field'studiesﬂwas;:wheretpossibie;naugmentedtby radiometric- dating of late

Pleistocene in situ coral skeletons.

TERTIARY
Introduction
Initial.fieldwork.anduearlier.reports.(Trechmann, 1937) indicate
small inliers of Tertiary strata on the North Point Shelf (Fig. 4), suggesting

10



ey

, NORTHERN BARBADOS
i
iyl STRATIGRAPHY
T 5 P e 5 : 60000 year o reef complx
. ‘H’im: o : 8000 gear o et comlec
{ 104000 year o ref compler
agon . * ) i et el conges
, | T Tre——
% =M
i Lower Tertiary  Seolland fm
%% 104 .
3
2 Q !
1& KM
0
827 % —
NRJ7I Spai 2 T
paightstown z 3 S

Figure 4.

RS

Geologic map of northern Barbados,

11



Ve !

12
that Tertiary.sediments:throughout:this .area .may benear .the present
topographic- surface. . .Such'.topographically high, Tertiary:substrata would.
undoubtedlyihéve'influencedrtheudistribution and- form of ' subsequent late
Pleistocene- reef-.development. .

As the northerm-:end:of-:the:island.is:dry, many water wells have .been
dug. Senn (1946), who .logged:some:of .these'.wells-.and:obtained data on
many others, .divided the structure :of ‘northern Barbados:into .elements
trending northeast+«southwest- —«.the Mt. .Poyer'.Syncline- and the Crab Hill .
Anticline. .Since'.then, however, many.more .wells-have been dug yielding
much more information. . .Correlation:of .surface-and-:subsurface data
indicates that .Tertiary .outcrops.are .eroded-tops-of threeseparate pre=
Pleistocene .highs; . with-individual-reliefs-.of- over:45 meters .(150 feet). .
These highs, for .the .purposes-of discussion; .are:given the names "Spring
Hall Platform”, '"Crab- Tree .Ridge',.and:"Cluff's Arch" (Fig. 6). These.
highs also' appear as primary and' secondary ‘groundwater-divides (Tullstrom,
1964).

" Inspection .0f the structure contour and isopach-maps prepared from
water well- data .(Fig. .5, .6) indicates:that .these three .highs together make
up’ the  northern-.extension:of-the :north-south-:ridge-that-.forms:.the .backbone .
of Barbados;.'Theﬂburiedﬁportionﬁofﬂthisﬂlargetstructurevunderlying‘the

North Point- Shelf-is-herein-called-the "St. ' Lucy Arch" (Fig. 5).

‘Spring- Hall .Platform.
At the .foot of .the Second .High :.Cliff, .near .Spring-Hall Factory, is.
an' extensive.area.of:.Scotland .Formation :sandstone. -~ These poorly lithified,
fine to medium.grained clastics‘(Plgte.ZB) with.indistinct bedding range .in

colour from.dark brown .to .green .to.yellow.and .are partially covered .by

‘patches of Plio-Pleistocene limestone. These sediments' form a flat-topped
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arch which dips steeply along its northern flank, over 45 meters (150 feet)
within a distance of 200: meters.. - The eastern flank dips gently at 37 meters
per kilometer.(200:feettper?mile)'and‘theuwestern”side'iS'separated from the

southern'extension'of“Crab"Tree“Ridgelby'a depression.

-Crab. Tree -Ridge. .

Silts andvclays-ofxthe:ScotlandvFormation,ucontaininga1ayers of brown,
clay.ironstone.concretions.are;exposed:at:the.top:ofiCrab Tree Hill. This
outcrop is' the northern-.end:of an illadefined:ridge"running parallel. to
the western- shore.. It. is separated:from.the: Oceanic Formation of Cluff's
~ Arch by a depreésion'which:may,;innpart;;be'fault.controlled. North of
Crab Tree Hill, the pre~Pleistocene. surface dips-gently northward and
then abruptly plunges to .over 62 meters (200 feet) below sea level. within

a distance - of 400 meters.

- Cluff's .Arch.

The shoreline at Ciuffis'BayzisunormalutozthiSﬂarch'and exposes an.. .
excellent'cross~section.of:theunorthﬁsouth:trending’structure. The .core . .
of the arch:isnOceanic.Formation;ﬁ:Whilenthezcontact'between Oceanic and
overlying Pleisﬁocenenlimestoneuon'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. - Uhdermining:by.wave-actionuhas.resulted'in.large.scale slumping
of the upper part of:the:exposure:andaoverlying Pleistocene limestones, so
that large blocks: have moved .down..to. sea. level.

The' Oceanic Formation is buff, well bedded Globigerina chalk, Bedding
is made up of .chalk. units 30 to .40 cm thick, separated by bands of dark
brown, silt .to fine: sand, 5 to 6.cm thick (Plate 2A). These dark bands
are ascribed to ash:falls.(Senn,.1946)nandzloca11y exhibit graded bedding.

Burrows in the chalk beds are filled with dark-brown; clastic material.
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As the4OceanicrFormation:atdCluffis:Bay:cannot:beztraced.to dated

outcrops in:the:Scotland:district;:foraminiferawfrom.the.Cluff's Bay
section,’andwfromﬂa;31-meter:(lOOufeet):deepnwell,:O;4zkilometers.(1/4
mile) southJoftthezba&;uwere"examined:(see:Appendix:E);‘:The age .range .

of thé<diagnostic:foraminiferanfoundzinzninetsampies:studieduis.indicated.
in.Table'Z'Cafter;Bolli;.1957);:uThe:fauné‘suggest"that“these.sediments.

are Middle'Eocene;(Lutetian);in;age:and:more:specifically'belong.to the .

’Globigerapsistkugleri?zoneu(Bolli;.1957);::The“uppermostzsample.(C36-1)

may belong toathe:slightlytyOunger;tGloborotaliaz1ehneri:zone. On .the .

basis of Bandyﬁs:(1964);subdivision;oszertiary:foraminiferaluzones,.these.

sedimentS'would:betplacedﬁinﬂtheﬂGiobig&rina*frdntosa'zone; at the base

of the Middle Eocene.
Saundersr(1965;1p;u4&8)?indicateszthat?calcareousnsiltstones exposed .
at Mqunt'Hillaby,"thetoldestuknownnsedimentsuofﬁthetOceanic.Formation,.

belong“to"thenPurticuiasphaera:mexicana:zone::1The<discovery'of.these.older

marls'at'Cluff!s:Bay; clearly:two¢zonesxlower:and1near1y.at the .base .of .the
Middle'Eocenenstége;zindicateS“thatzpart51of:theHOceanictEormation.are
older than'hithérto.determined:tuThis:discoveryﬁaISOfsuggests.that.the.

underlying"Scotland'Formation“iS"aimost"entirely'Lower“Eocene in age.

- BASAL, PLEISTOCENE .
.Contact .

The-preePleistocene:surface:atxall'localities is irregular (Plate 2C)
with pocketszofuconglomerateu(BlatexZD):inxplaces:up:to 0.5 meters .thick.
Clasts are'invariably:Scotland:Formation;.and:vary'in.composition.from
well lithified;tcoarsezconglomerateStto.siltstones;‘zIn.most exposures,
limestone'restsudirectlytupon:theaeroded'surface.and“angular.fragments.of.
'sandstone'up”to:0;3"meters:(1"foot);in'diameter:areufound.as high as 2 meters
(6 feet)‘above‘the.contact.u;Theabasalzlimestone:contains terrigenous grains

but- these disappear‘within"a“feW'centimeters.
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TABLE 2 ~ AGE LIMITS OF DIAGNOSTIC FORAMINIFERA-FOUND-IN- OCEANIC FORMATION AT CLUFF'S BAY
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- Lithology ...

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

. Tertiary contactiiSwseen.on.Barbadosg(except;along:the'northeast-coast, see

Chaﬁter:3) basal. Pleistocene lithologies. are different from the main mass
of coral limestone:above.. Although;largeudiagnbstic fossils . are rare and.

their conditidn:poor;.Trechmanngcollected-a.representative"assemblage from

these "basal:PleistocenéV.limestoneSWU.The most. noticeable fossils. are.

several'spécies.of‘Haliotisu(abalone);.the‘gastropodfPléurotomaria,Mand.the
bivalve Meicardia.: : Trechmann: (1937,:p. 358) ..concluded - that; on. the.basis. .

of these'andzother-fossils; the. 1imestone: might-be- pre=Pleistocene,.

‘possibly Pliocene,.in age.'.Sincevthe'exaet“agerisrsomewhatiuncertain,.these.
vsedimentS'ﬁilltbe:called,:until:more;detailed“paleontoiogical study is

‘carried out, Plio~Pleistocene..

Senn (1946)-confirmed-Trechmann!Sv(1937) observations. and. divided
the Pleistocene: "Coral Cap. Formation".into. a-thick, widespread, upper
"Coralline Limestone:memberﬂnencompassing:all'reefucomplexes and a lower,

much- thinner; ~"Amphisteginar-limestone: member". - This lower member is a well-

bedded limestone;characterized:by:calcareous:algaezandanumerousutests of

the large lentiform'foraminifer:Amphistegina'1essonii.d'0rbingy.

- Tertiary inliers. on .northern:.Barbados: are overlain by the Plio-

‘Pleistocene;: Amphistegina-limestone member.: - The areal. distribution of .

this member was: studied- in: detail: to: delineate. the form'of.pre—Pleistbcene
highS'(Fig;:é)...On'northern:Barbados,dthis:member can be divided into two

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

calcarenite unit..

Phylloid algal unit.—-This unit' covers the pre-Pleistocene surface

as a veneer, from 0.3 to 1l meter {1.to 3 feet) thick,in all exposures omn
northern Barbados-except:along:thernortheastncoast,-beloW'the‘83,000 year old.
reef complex. Its thickness is. apparently-independent of- the topography

o s
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of'the‘underlying:sutfacé;r:Irreguiarrléminaeﬁ(2:to:lewcmﬁthick).ofncrustose.

red coralline~algal:platess(PlatEﬁ2E)Fandninterstitiai“geopetal.sediments.

'constitute'up:to.60'perucent:ofﬁthetrock:rrThese¢1aminae:are'separated.by..

pocketS'of'calcisiltite:and:fineagrainedaealearéniteﬁand‘1enses‘and.irfegular
fands of- coarser  grained: calcarenite..

The:thinn(Q.ZQ:tO"ltmm)tcrustosexred:aigalnplateS'constitute a. self-

.supporting'structurexbyzforming:dpmesuover:unduiations:and'protubefances

in the underlying plates: (Plate: 3A;:B):: : The  structure. of: the rock. resembles
thevPennsylvanianLphylloidhalgalrlimestones:ofﬁthermid&continent,.rich in

Archeolithophyllum: (Wray,.1964):: -The:specific-identification of. these .

crustose red: algae: is:difficult-as:most: specimens: appear: infertile and.

lack the'diagnosticuconceptacles;=:Therhypothallusrmakessup most. of the. .

'individual'plates.and:the.majorityaoﬁaspecimens:exhibit:a,cell‘arrangement.

reminiscent"ofrLithothamniumﬂ(Johnson;:1961;:Ginsburg.and'others,.197la).

About‘ZO'per:cent,-however;-display:a~hypothallic‘arrangement'moré.akin.to.

Lithophyllum' (Johnson;1961;: Ginsburg:and: others; 1971a):  -Most plates are.

encrusted'with:atrleastrone:and;urarely;nupzto:ten;:iayers=offLithopdtélla .

and'occasionally:the-foraminiferasngsina:anOriginaifsediment;.shell.fragr.
mentS“and'algalrplatesrare:exfensiveiyrbcred;:resuitingrintnumerous.random,
circular'to<ovoid:holes;r0.1:t030:4:mm'in"diameter:?ﬁMany'aigal plates are
fractured and fragmented.
Sedimeht«deposited:with:thesevplateénisaa:biomicrite:whose.most.cénr .
spicuous faunal: elements:.are .planktoniec:foraminifera; mollusc debris.and .

fragmented'algal:plates;i.Most“of:thenmatrix:between:thesetplates, however, .

-is micrite pellets:and:minor:allochems;;whichﬂiater:filteredr1nto.borings,

fractures and: primary:voids;.creating:an:.excellent-geopetal fabric. (Plate.
3B, C);"IntercalatedrbandsvofrfinEHGO:mediumrgrained“intrabiosparites,become-

more common towards-the-top-of-the-onit:--Skeletal- fragments- (5 to 30 per



~

21

cent) in these-intrabiosparites:arendominantlynmollusc“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 oripelsparite  (Plate. 3D) identical. to. that. between ad-

jacent algal.plates,: indicating both- early, possibly submarine; lithification

and erosion.

Amphistegina?calcarenitenunit.——Theophylloidbalgal.limestones.gfade

into a calcarenité;'richfinrAmphisteginagwwhichris:relativelyﬁtﬁin over pre-

‘Pleistocene topographic:highs. but:is: up:to. 15.5 meters: (50 feet) thick

(Plate  2F) in.intervening: depressions:- . The: rock is: composed dominantly. of

Amphistegina-and:fassorted:al%ochemsn(ﬁﬂbperucent)rin'a‘varied-matriX~of-either

:micrite; pelsparite; -orrbiocalcisiltite: and-planktonic- foraminifera (Plate.

3E, F). Calcarenites:becomercleanerntowardszthe:top:of.thé-unit.
Although:thennumerous:1arge:foraminiferanmake:this:1ithology.easily.
recognizable;:itaisathetassortedfallochemSﬁthatidistinguishuit from other. .
calcarenites;.:The:alloéhemsrarenfragmentszoffred"algae‘and~1ntrac1asts.
with‘only'minorfskeletai'debrisa:'Red:algaleragmentS"aretdominantly.ripped—.
up clasts of:crustose:corallines,fsimiiarzto:the:phyiloidfalgae below,. and.
occasional articulated:corallines:which:become: dominant. towards the top
of the unit.: Intraclasts:arervariedﬂinacomposition:butfcanrbefbroadly grouped

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

surrounding“variedvfragments=and~(4)'1arge'compositefgrains of foraminifera,
red algae and:micrite.or:érusto#e‘red-algae»anducement coated with micrite..
These intraclasts.are'clearlyrrelatedstouadjacent:orfimmediately underlying
sediment: Also»conspicuous:is:the:lacknof.terrigenous-grains; so common in

younger Pleistocene limestones.
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. Areal Extent .
Tertiaryuinliers.aretsurroundedﬂbyzthevPliOFPieistocene.units.which..
reflect*the-shape“of:the:underlyingrprePPleistocenerhighs;."In:several.areas,.

water well data:r suggests:a pre-Pleistocene. high-rising-to-within. a. few. feet.
of the:present-surface:bututhereiiB:nO'recordrofrTertiaryToutcrop.--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-Pleistoeene:surface;u:In‘addition,:results:ofrtheserinvestigations..
suggest that:Plio-Pleistocene: units: form: a"large parf‘of‘the"exposed lime~
stone on'the'North.Point.Shelf.(Fig..é).‘V
These“limestoneS“iilustrate.thencompiexrstructural.historyrof-

the ‘area. At:Cluff!s:Bay;: the- well=bedded-Amphistegina calcarenite. is.

slightly undulatoryvbut'in:generalvdips“to:the:eastrbetween.A.degrees-and.
13 degrees, while the:. steeper:contact- of: the:pre-Pleistocene: surface dips.
at 17'degrees,:indicating:that:Ciuff?s:Bayrhas:beenrmore:orfless:structurally.
gtable since:early:Pleistocene,:andy+if:it:was - uplifted, the.entire area..

moved as a‘unit:- ~The: Amphistegina. calcarenite:bounding’ the:northern. outcrop

limit of*the<Scot1andrFormation;:onatheuSpring'HallfPlatformf(Fig..4),how—
ever,'dips'steeply:to:theﬂnorthaat:betweenrls-degreeS‘and:SOfdegrees,-indicating
that at -least.part-of:the: pre-Pleistocene:topography:-observed may be due

to tectonic-movement :since- early Pleistocene.

. LATE. PLEISTOCENE: REEF. COMPLEXES.
The sequence:of:reef:complexes -in.the: form: of- terraces below. the
Second High Cliff: along:Barbados':west: coast:is: less: than: 250,000. years. old
(Mesolella and:others;:1969)...Radiometric:ages:-of:several: of: these. terraces,
from'10da1ities:just.north:of.Bridgetown;;andrexperience'gained:from.southern.

Barbados; “where morphology-and-:chronology of the reef  terraces were in most
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cases synchronous, have-been:used~to:postulate:reef=terrace.chronologywalong-u

the west'coastA(Mésolella-andﬂothers;51969):.*Radiometric:dating<was.net.
possible for.most:ofntherterraces*alongntherwestfcoastﬂbecauserthe.relatively.
high rainfall:in. this. area has~accelerated:equilibration:of:the.original -
coral'skeletal:aragonitehto-calcite:(Matthews;-1968),'making-the corals
useleSS'for'age:determinations;.‘Only'onatheirelatively:dry,North Point Shelf,
where many'of.theryoungerucoraIS‘are'still‘aragonite;‘can reliable age dating
be carried out.

These'terraces~werevmappedﬁinidetailﬂfromeoletown:nbrth.in order. to
ascertain"what:happens:to:the:1owerdterraceseasntﬁey:approachvthe-North.
Point'Shelftand.disappear:naLimestoneshonueither*side?of:the.St..LucyvArch.
wgre'radiometricallywagevdatedu(Fig;cS)"to:confirm'thatrcarbonates-on.the :
northern part;pfzthe:islénd:couidrbeﬁcorrelatednwith:those'to:the.south.and.

that' reef' complexes-on either :side :of' the' arch-were-the same age.

West. Coast.Terrace .Series
Below .the. Second. High: C1iff,. on'.the. west coast, terraces are relatively
continuous morphological: features. (Fig..9). The First High Cliff stands
out as' a' dimtinct physiographic. feature,.with a.relief of 16.5 meters (50
- feet) or more, while: the  terraces. lying: above. and: below are more subtle, with
local relief of: 6.2 meters: (20: feet). or less. .Russell (1966) and Mesolella
(1967) confirmed.that.the:1eadingnedge-of.each.terrace'is a . massive. series

of large corals,.dominated;:in.most:cases;ubyrAcropora.pglmata,.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.- Therthicker'soils;:overpthe'back+reef;:arefp1anted in cane..

The terraces: are,: therefore;: easily. discernable both'in’the~fie1d and from

aerial photographs (Plate 1B).
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Figure 9. Areal extent of late Pleistocene reef complexes
along the northwest coast of Barbados.
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The terrace. series.is' cut.by..a. fault at Holetown, near Porter's Factory,
which is termedn”Porter’s:Fault".(Fig..9).- Thié fault is reflected both in the
pre-Pleistocene..surface. and the: terraces. themselves.. Present relief on. the
pre—Pleistocene-sutface-indicates-sin‘stral.movementiand vertical offset of
about 31 meters (100‘feet);..ThewSecondnHigh:Clifffarches-slightly over
Porter's Fault.butvitg.and:the:terraGGS'above,.are:not affected. Te:races

below the Second:HightCliffrare:deflected'bytthesfault:(Fig. 9) but most can.
be' traced acrOSSLit..“The:tworterracesnbelownthevFirst-High:Cliff cannot
be mapped with any certainty north of: Porter's. Fault.

Between:the:First:and.SecondsHighL81iffs;:north’of Holetown, . three
terraces can be:mapped: pTheserare;hforvthe:most'partg'very low. rigers
composed of-coralsncharacteristic~of:thenreefucrest.» The back-reef facies

~-can only locally.be discerned.. -These: terraces.will. be. labelled "p", "E'",
-and "F" (Fig.~9):sonthatLtheyrare:nqt;confusedrwith the' terrace numbering
system of- Broecker:and:others. (1968).

Terrace-F.--ExposuresAare:dominatednbybtheﬂpresence-of Acropora.
ﬁéiﬁéfé in the reef.crest.position. and occasional outerops of the deeper
water cervicornis. zone. .The terrace:-lies at an- elevation of between 93
meters (300 feet)-and.100,metersv(320.feet)-and comes very close to tﬁe
base of the SeconduHighuCIiff‘north.of-Speightstown.(Plate 1C).

‘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. the basis of composition, however, it is
distinctive and easily. differentiated. from other: terraces. While the reef
crest of most reef. terraces is composed of Acropora palmata, the crest of.

" Terrace E north of Holetown is made  up of flat and-columnar Montastrea
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(rhodolites; Bosellini.and 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 southern end of the Crab

Tree Ridge (Fig. 6,.9)...

Terrace D.-=Terrace:D-1lies: at. an elevation: of: between 56 meters
(180 feet)’and‘62:metersﬁ(200:feet);.'Theﬁreefﬁcrestaisfdominantly.Acrogora.

palmata but the¢fore*reefrAcroporancervicornis:commnnity:is'cbmmonly.also

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

facies in several.localities. (Fig..16). The. reef facies loses its topographic
expression northward.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-Pléistocene Amphistegina 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 highly 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 headsrcan“benseen‘at.the"foot:of:theJcervicqrnis zone. North.of
Speightstown.the;terrace.veers:westward;(Fig;i9}“and"postadepositiqnal
erosion has .removed progressively.more of the seaward -edge- of the. cervi-
cornis 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
cervicornis—zone .revealing .the underlying. limestones.as.well. At several
1ocalities,.cliffs“exhibit;armassiveugalmata:zone:resting on a well-indurated

A. cervicornis-rich limestone.' The- contact between the two illustrates
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numerous- subaerial weathering=features: indicating a-period of subaerial
. ‘ exposure between .periods:of:reefraccretion. (Plate 30).
Facles .associated-with:the:First:High:Cliff compilex. are readily
.mapped'due to.extensive:outcrop.::Where:therFirst: High: Cliff becomes. part
of  the sea cliffs;rthezbackwreefafac;esuundergoes?aachangeLfromgdominantly

lagoonal'sands:with:minorgcoraisﬂtO'aﬁPoriteSfpotitesvzone"fringed4in the

landward position:by:annalgalnball;(rhodolite);zonefthatﬁcan:be:traced;northward._
(fig. 15;'forndetailed:faciestdiscussion;see.Chapter.S);"Cliffs‘along"the .
coast, coﬁtinuouszwith:the:First“High:011ff;:arexcomposgd'of.a.massive
palmata'zonetﬁith:numerouswchannelssfilled?withtg;ﬁgoriteS'debris apparently .
washed 1n'fromrthe"backéreef;:rMbstﬁlate:Pieistocene'1imestones.exposeduonA

" the ﬁestern.sidefof:theaNorth'Point‘Shelf are part-of-the-First High Cliff

reef complex.

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

localities' (see .Appendix.F).  'In.all.cases, the.coral species analysed
230 /U23.4

age of 100,000 * 4,000 years

was A. palmata.. These.analyses. yield an average Th
&. palmata
23;/U235

age of .104,000

* 4,000 years .B.P. .and.an. average -Pa

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

31 meters (100.feet),.is"not“theusame:aée.(lZSgOOO:i.G,QOO years .0ld) as.

the First High Cliff.south.:of:Porter’'s:Fault:but,. rather,. corresponds nicely

to Terrace II.of:Broecker: and:others: (1968) :which.1is..104,000 years old .and, .

around most of the.island,.lies.at. an.elevation:of: about 18.3 meters (60 feet).
As demonstrated. in.the: sea:.cliff.sections,:. these .limestones are not

thick and were:deposited:by:a:-high:stand-of.sea-level following subaerial

exposure of .an.underlying.reef.complex.. .This underlying .reef is correlated

with the 125,000 year .old".complex:on:the.basis".of the following evidence:

(1) it is a well-developed complex whose reef-facies occupy approximately
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the same geographic. position. as:.those: above; . (2):it:forms . the base upon

which the 104,000.year old.'complex.grew, -thus . determining to-a.great. degree .
its morphology; (3). it is. separated:from: theoverlying complex by a perio& of.
subaerial erosion; and . (4) ithié.in:line;withxtheﬁFi:sttHigh:Cliff to .the
south. In this.areaxﬁanarbados;Jthe2125;0003year'oldncomplex was .covered.
by the'104;000:year§.B.P..seanlevelnhighustanduandiaﬂrelatively thin, but

~1atera11y extensive, reef complex accumulated on this foundation (Fig. 13).

Northeast .Coast

The northeast.coast.below .the. Second. High Cliff is.a broad plateau
that slopes'gently eastward. towards: sea..cliffs .which. are being rapidly.
eroded (Plate. 1E)..:These .sea.cliffs:. display .a thick reef facies consisting
of corals and:sediment:that:.are,..for.the .most .part, little.altered.and
poorly lithified, suggesting: they:are:relatively .young.. These sediments rest
on well-lithified.limestones;. except:.in..Gay's: Cove where they directly overlie
‘the Tertiary;:Oceanic:.Formation..(Plate: 5A).. Detailed:mapping of .their .com-
plex facieé.(see:Chapter;B);reveals:that“these.sedimentS'belong:touone later=-
ally continuous .complex..and- make up most'of’the limestone exposed on the
northeast coast.

Differential movement during .uplift:.is-indicated-by a' fault at River
Bay (Fig. 14). .This.structure.strikes.obliquely to the. coast .and rocks on
the seaward side.have:suffered:a:vertical offset of:at-least 6.2 meters
(20 feet). .The.upthrown:block on the seaward side-forms the partial barrier
to River Bay.- . |

In situ:coral:skeletons-were:selected..from.three widely separated
areas'withinnthisncomplex:forrfadiometricadating“(Fig;-8). Specimens.
"were taken from-(1). the:palmata.zone:.of:the: barrier~reef facies, (2) the

coral-knob zone of the back-reef facies, and'(3)'the'fringing—reéf facies.‘
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These samplesyield.an.avefage"Th-zsolU.z:g4

and an averagenPags;/Ug§§:age-of:82,0000i;15000wyear3'B.P;'(Appendix F).

.agé.of:825000't 2,000 years

This reef complex.appears..to.be . the same' age as.the lowest reef terrace near
sea level along.the south.and‘southwest'coasts:of"the“island“(Broecker and
others, 1968).

The shape. of .the..83,000:year: old:.limestone :body:along:the northeast
coast is like a wedge,.with.its:feather. edge .lying-along the top of the
St. Lucy Arch:and thickening:eastward:(Fig.:14)...:Uplift and erosion..
along the northeast. coast have..combined:to expose mot-.only the 83,000. year
old reef complex, but the underlying. sediments as well. In the northern
part of  the northeast.coast, the. 83,000.'year old. reef complex is ‘underlain

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

The upper part-:of:.the:.underlying.calcarenite contains numerous large heads

- of Montastrea:annularis. (Plate :5C). . While well-indurated reef limestones

f;‘ o - underlying this:complex.to..the.west:cannot.be used.for radiometric dating
because all aragonite:rhas. inverted..to.calcite, .along the sea coast such
diagenesis has been: arrested,. 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.secured:for dating. (Fig.:34). ;Th151samp1e.yie1ds a.

ZSQ/Ugsénagéfbfﬁ127;000¢i.3;000‘yearSﬂB.P; and a Pa231/U235

radiometric .Th
age of 124,000nt.5,000fyearsuB.P..(Appendix'F)*indicating'that.the.upper.
part of the .underlying .limestone:in:this:area:was:formed-during . 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 complex.
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- .. .Northwest:coast fringing. .terrace

‘Occurrence: and:dating.=+A:narrow;:discontinuous- terrace .lies at the

foot of Pleistocene.limestone:.cliffs:aleng 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'Bayz(Fig;nlO):to:aboutrh;snmetersw(17:feet)'above sea .level at

Cluff's Bay.nnAs.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
interaal composition: from:older:reef: terraces described by.Mesolella and
others (1970).zuItnisnbuiltnonnaawave—cut:platformweroded'in Tertiary or
older Pleistocene:.strata. The. sediment, which has accumulated to a thick-
neéé of up to 4 metersu(ls.feet)-on-thisuplatform, is divisible into .coral
and sand facies (Fig. 11). The seaward part is a massive, shallow water,

’

reef limeséonendominatedubynthe-corals Acropora .palmata:-ahd :harge ccdkumnar

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

Caribbean reefs .today...Other.corals.include .occasional large.in.situ

heads-of Porites .astreoides and. small-banks-of .Porites porites. The

poorly-bedded, .carbonate sand .facies contains..abundant mollusecs (Plate 4D)

especially thewland..snail:Helix isabella and the marine  gastropod Cittarium

- (Livonia) pica.

Samples of:.the: coral-P. astreoides. and- the~gastropod Cittarium

(Livonia) Ppica were .analysed to date the terracé. The fossils yielded
230/U234

an average Th
a231/U235

age of. 61,000 tiZ,OOO'years B.P. and.an average
P age .of 59,000ni-3;000:yearsuB.P;:(Appendian). The narrow

range of datesAclustered:aroundUGO,OOOJB;P;:obtained'by'both methods of
dating indicates their reliability.. .The.coral.dates are more reliable

than those'obtained“from'cittarium'Eica‘because'the'gastropods are likely
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Figure 10. Localities of 60,000 year old reef terrace along
the northwest coast of Barbados. Cross-section in Figure 11 taken

at Cluff's Bay.
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Figure 11. Cross—section and areal distribution of 60,000 years

B.P. reef terrace, at Cluff's Bay, Barbados.
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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 they .are.still pure aragonite. and .have retaiﬂéd:theﬂstriking ex-

terior markings .and:shiny: interior mother .of pearl.
Trechmannn(1937)zhasudesdribednbeds:rich.intthefland.snail‘gglig.

isabella as .forming.a.veneer-.along:the.coast on"the:south-and east.éides..

of Barbados.u-Theseubeds,’O;S-to:3.Sumetersdaboveﬂseatlevel,-contain a

mixed land and-marine.mollusc:fauna:as:well .as.corals. . Since they are

found at or .near.the.present:.coast.and:are .different in composition .from.

the Pleistoceneulimestonesguhenbelieved:theyswerezdepbsited'subsequent.to

formatioh~and-uplifttofzthe:entire»Pleistocene:Goral-Cap;"Field investigation.

of these deposits:.indicates-:that-they:are,:.as .Trechmann’'s .descriptions. suggest,.

essentially.the.same:as:ﬁhoseusediments;formingxthetdatedﬂterrace.fringing.

the northern.part.of .the island..: Although-not-dated;-the similarity of

stratigraphic position .and .composition:suggests-they were-deposited during

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

Contemporaneous:late-Pleistocene-marine..terraces.—-Marine terraces

formed during early. Wisconsin: time, although rare, -have been reported from
other parts' of the.world.-.Shoreline .deposits-in-coastal Georgia .suggest
one marine transgression:between:.25,000:.and .30;000:years .-B.P. and another
between 40,000:.2nd-.48;000..years. B.P...{Hoyt..and .others, 1965). Radiometric.
dating of interglacial‘shoreline.depositsuin Alaska indicates a high stand
of sea level..between:.40,000:and. 505,000. years:B.P. .(Karlstrom, 1965). In
New Guinea a.complex.series: .of .reef .terraces:'.suggests three separate marine
transgressions at .(1l) .29,000:years.B.P.,..(2)-35,000 .to 50,000 years B.P.,
and'(3) 65,000 .years.B.P.. (Veeh::and:.Chappell,:1970). . On .the central

Ryukyu Islands in the western Pacific, two separate"limestoné units have

et e e e i
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dated at 42,000Aanda67;000ayearsuBgP;n(Konishisandtothers, in press)
(Fig. 12—-barurepresents;range.of:agesureported*for'each'deposit, not
error in single age:.determination)..

Additional‘evidenceﬁof:laterPleistocene:climatic“changes;—-Comparison

"with late Pleistocene..climatic events determined by other: studies reveals..

’the'importance:ofnthisnterrace.nMWisconsin:chronologyiand.climatic‘

fluctuationsuarenbased:1argeiyaon.continentaitstratigraphyfwhich.records.the.

presence of two: major.glaciations: (!'Classical" andt"Early""Wisconsin;.Flint,
1963). The Plum Point.interstédial;(ZS,OOOtto 35;000 :years-B.P.) and Port
Talbot Interstadial (45,000..to..55,000. years B.P.)..separate . the .two major
Wisconsin glaciations, while:. the: St..Pierre .interstadial (60,000 to 65 000
years B.P.) records a boreal. period -during .the .post~Sangamon . glacial advance
(Fig. 12) (Goldﬁhwaite.anduothers;31965;:Dreimanis,u1969).
The"patternuof:climaticnﬁluéiuationsnis:refiected.in'deep'sea sediment
(Ericson'andaWoliin;31964;1Emiliani;ﬂ1966,21970);ﬁbut*thefexact dates of.
these'temperature;fluctuationsuare:stillnunresolvedt(Rona and Emiliani, .1968;
Broecker and.Ku; .1969).-: The times.of .climatic-fluctuations .obtained .
from deep-sea. cores: ‘have; ‘however; been.correlated.withAthenBarbados.terraces
by Broecker“and.otherSA(1968)grandrso:are:usednhere,inuFig..12.
High'standszofasea:levelu(interglacials)r80;000%year5‘and older are in
good"agreement:with:therinsolation:curve:predicted'by the "Milankovitch
Hypothesis"."4Unfortunate1y,:few:radiometric-ages.are available for the
younger, mideatonlate:Wisconsinninterstadials;zexceptias.noted above. The
insolaqion'curve:suggests;warmnperigdss(butxnotias.warm as the Sangamon) .
should'be"present1at;approximatelyu33,000;260;000'and'possibly 48,600 years

B.P. (Mesolella and' others, 1969).
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Figure 12. Ages of uplifted.marine terraces correlated with
Pleistocene climatic fluctuations. Marine terrace data from Georgia
(Hoyt and others, 1965), Alaska (Rarlstrom, 1965), Ryukyu Islands
(Konishi and others, 1971), New Guinea (Veeh and Chappell, 1970),
and Barbados (Broecker and others, 1968; this study). The bar re-
presents the range of ages reported for each deposit, not error in
single age deter&%nation. Glacial chronology after Dreimanis (1970).
Deep-sea core $§0 data after Broecker and Ku (1969).
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Therefore,. the: occurrence . :0f:a-60;000 .years B.P.. terrace on northern
Barbados is not anomalous,..but: fits both..the.glacial - and deep sea chrofology
and the predicted:solarﬂinsolétionucurve.

"In Barbados,  the. 60,000 year..0old: terrace probably .represents the sea
level high- stand between:60;000:and:.65;000..years ago.: The younger high
stands may beurepresenteduasapart:of-thenshalloanater:erosional-terrace

‘that extends up to' a mile  offshore- from the west coast (Macintyre, 1970).

- SUMMARY :AND..DISCUSSION. - ) !
1;'The'broadpplatformsonnnorthern-Barbaddsnisfunderlainﬂbynthe.extepsion

of a north-south:-ridge .ofdeformed-:Tertiary. strata that: forms the core of

Barbados. -- This-northexn. 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'intozthree:distinct;:partiallyﬁburied;Ahighs:(Fig. 6). The

sediments making up. the.core:of: one:of  these highs, exposed at Cluff's

Bay, are Globigerina:chalks-(Middle: Eocene :{Lutetian);-Globigerapsis
kﬂglefi zone..-Afhese.are-theuoldestubedsnofuthe:Oceanic Fofmation so .
far reéorded,,exteﬁAingsthe.agenofuthese'world.famous sediments over a
slightly Wider.range,:éndurestricting'the‘underlying Scétland Formation

to the Lower Eocene.

2, Overlying'the:ﬁre—Pleistoceneﬂsurfaeenis:anconglomerate, with clasts
&erived mainly- from: the :Scotland -Formation:clastics.  The presence of
boulders of Scotland..Formation in:the:overlying Plio-Pleistocene limestone.
units suggests.that.inigialncarbonate sedimentation began. in some areas
while erosion. was. continuing:in:others, .perhaps-on the topographic highs.
Erosion- along:with:subsequent:tectonic: activity:may:be responsible for

the highly dissected nature  of  the St. Lucy Arch.



A A 1 e e ae e

38
3. Plio-Pleistocene -carbonates -constitute a-greater part  of the limestones
on' the North -Point-Shelf than-previously  supposed: - -They are-divided into
two units+-(1l).a-thin; basal;-phylloid .erustose-red-algal .unit forming
a more or less continuous -mantle over:the:-pre~Pleistocene surface and
(2) an upper;-thicker; -Amphistegina.calcarenite-unit which is thickest

in lows on' the pre-Pleistocene surface.

4. The areal-distribution-of-Rlio-Pleistocene- and-Tertiary rocks shows . . .
that the  late Pleistocene:outcrops-cannot-be-traced-across-the St. Lucy
Arch. Radiometric.age-dating of icorals-:from-the widespread-:limestones .on
either side :of-~the-arch-indicates-that-limestones-forming most .of the out-
crop- along the-western:edge-of-the-platform were:formed-during a .sea level
high stand-104;000:years ago. and-are-not-comparable-with-the .limestones.
making up most-of:the sediment-on - the:eastern :part-of the-platform deposited

during the subsequent high stand of sea level 83,000 years ago.

5. The sequence- of-reef: complexes-on-most .of Barbados-appears -to record
a late Pleistoceneahistory.opreriodic=deposition-on-ancohstantly-rising
substratum: (Mesolella :and- others,-1970), but-stratigraphy of .the same

reef  complexes -on:northern:Barbados:records-a-history -of ~periodic -deposition

on' a substratum-undergoing:sporadic-uplift. .-Warping .of northern Barbados .

sometime between..105;000 and-125;000 years.ago -resulted in relative de-
pression ofthe area... High stands-.of.sea.level 104,000 and 83,000 years
ago transgressed-part-way-across :the :North .Point Shelf and accompanying
reef depositioniburied .pre-existing-reef .complexes. Subsequent increased .
uplift raisedthese:later-reef:complexes-to-heights-above comparable de—

posits- on other-parts-of the-island.: .This-relatively greater uplift along

. the northwest coast has resulted in the subaerial exposure of the pre-
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Figure 13. Diagrammatic comparison between late Pleistocene reef stratigraphy on

northern Barbados and central and southern Barbados.
x 103 years.

Radiometric age of reef complexes
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viously unreported-:60;000:year:old reef -terrace which  formed below present

-sea level (Fig. 13).

6. A narrow,<discontinuouswreefuterrace,.2;5:t014;52metersrabove sea level,
and radiometricallyﬂdatéd:at%60,000ﬂt=2;000-yearSWB.P:;.fringes.the‘.
northwest coast .of Barbados: . This:terrace :is:distinctfrom .older -terraces
and can be  correlated .lithologically.and:stratigraphically with similar .
terraces some-32 kilometers.(20-miles) .distant-on.the southern part of.
-the island. : Marine:terraces-dated:at-653000 years B7P: on-New Guinea .and
67,000 years :B:P. .on -the-Ryukyu.Eslands-were probably deposited during

the  same’ sea’ level high. stand.

and ‘early Wisconsin-throughoutithesworld;, and-coupled-with .continental .
glacial and -deep ‘sea :core:stratigraphy;-indicate-that-sea level stood

reléﬁtvely high at .three.separate-times-during-the-Wisconsin—-about 30,000,

48,000 and 60,000.years .-B.P. . As .these .periods were not as warm as .the

interglacials, .sea level .did -not rise.to .a.level corresponding to the
present sea Iével.«‘Consequentlyudepositsnareuonly'observed-in-areas
that have undergone .some subsequent :tectonic uplift.

Variations in .elimate:may :beicontrolled by-changes in .solar .insolation
(the Milankovitch-Hypothesis):: Galculations .suggest -that warm periods,
although noéuaS'warm:aszinterglacials,-should;havetoccurred about 33,000,
- 60,000 and’ possibly~48;000 years :ago . (Veeh :and.Chappell, 1970). The
close agreement ‘between: the.times :0f the warm .periods-.discussed .above .and

‘the-times of-those-predicted-by:the Milankovitch:Hypothesis lends support .

to those who:feel .that:-large variations-in solar-insolation may initiate

glaciation.
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CHAPTER 3 -~ LATE PLELISTOCENE .REEF - COMPLEXES

INTRODUCTION ‘.

Owiﬁg'to the'unique.conditions;necessary'for-exposure of Pleistocene.

1imestones,;fewthave:beenmdescribedmin"detailf(Stoddart, 1969). A re-

connaissance studyrof.alllthe;reefSJOnnBarbados:waswcarried out- by Mesolella .

(19685 and‘sediment:compositiongofvsome:selectedffeefﬁcompiexes was .de=
termined by:Kieséwetter;(1968).:;Fromsthesevinvestigationsuaﬁgeneral"model
of'reef‘development;wasvproposedw(MesolelléJandwotheré;ﬁ1970):‘ None .of. the
Pleistocene reefsJonstheuislandmhasubeenusubjected:to"detailed‘examination,
due main1y~to"lack=ofacontinuouswexposure..
Uplift.andJsubsequentwerosionsofuthg'1ate.Pleistocene;reef complexes .
(104,000 yearé:B;21uand483yOOOJyearstB.P;)sonunorthern:Barbados.has.created.
extensive“outcrop:whichvcannbeJexamihed.in;detail.;:The:83;000“year-old
complex, in.partiéular;1displays:a4sequence:of.facieSJthat.reflects“the..
response*of:animalJcommunities:andssedimehtary;regimesstouavslowly“rising"
sea level. As"the;animals:that:inhabitutheureef:ecosystem.todayware.“
esseﬁtiallyzthe:same;as:those:of;looiOOO:yearsrago;;comparisonacan"beumade
betweenj1ate"Pleistoceneufossil:and:modernuliving:communities...These_two_
reef'compléxesuare:describedufrom;theupointﬂofﬂview*of'stratigraphy, facies

development;-and sediments.

83;OOOnYEARwOLD:REEFuGOMELEX;rNORIHEAST.COAST.

This-reef;complex:is:exposed?in;excellent;:but?oftenkinaccessible,m
outcrop-along:the seascliffs-(Plate;1D);s:Thesezcliffs:are;parallel.to"the.
facies trends -ard are;mostly.cutﬁintovthe;reef:facies;(Fig..31). .Bays.
and river valleys,“at.right:angles:to;the.coast,;yieldaexcellentmcross? .
sections of the complex (Fig..32).u.There:areualso:many}smaller.outcrops.
on the'North.Point"Shelf.thatvare"well exposed-due to the arid climate
and lack of vegetation.

41
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NORTHEAST COAST = -

83,000 'yr old reef complex

FRB Fringing-reef facies - calcarenite
FR Fringing-rest focies-A. paimata
R Barrier-reef facies

P  Puorites-Thalgssia zone

Pr  Nodules of red digae

CX Coral knob zone

7  Temigenous sand zone

" Figure 14. Surface facies distribution and generalized cross-—

section of 83,000 year old reef complex, northeast coast,

Barbados.
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. is marked by a .present-day, :erosional .bench (Plate-5C), :frequently .pictured

43

.Stratigraphy

The underlying:surface .of :the:reef:complex.isformed of Tertiary..
and older Pleistocene :sedimentss:..Although :thezcontact rexhibits .evidence . .
of subaerial .and .extensive:biological .erosion;no:fossil subaerial .calcareous z

crusts were .found. . .The'.shape:of .the-limestone-body-%s-that of a.wedge.

PURTUERSE SR

thickening eastward, with.the.thin-:edge :parallel-to-the-axis of -the St. Lucy
Arch.  On the-northern-:coast,:the:83,000:year:old:kimestones overlie.a.

thick sequence:of:corals-.and:calcarenites. .The:top-of:the-older .limestones

in studies of.theuislandu(Erice;a1962);«'A@eoralvsomeﬁ3.7umeters.(15.feet)
below :this benchuwasvdated:atu1253000-years.B;Pe;~0n:€hewsouthern.part.of.
the northeast .coast .(Gay's :Cove.to:The :Landlock)the :83,000 year .old .1ime-
stones overlie :chalks .of the:Tertiary :Oceanic:Formation; much' younger than

those -exposed -at :Cluff!s~Bay (Plate 5A).

. Faciesg

The lithologies .of .the.reef .complex:cannot-.easily.be-.divided .into. .

.separate-partsu(Fig..14)ubut,~inugeneral.terms,;theulimestoneucan.be.broken.

into-a thin,"basal.unit-and-an:overlying; :thicker, :reef:unit. . .The.basal.

unit; -directly-overlying :the.older :Pleistocene:limestoneand-Tertiary strata,
is made up-of: calcarenites:.and:conglomerates:whichj;:in :the.eastern part .

of the areajy :grade-.up:into.a:coralsrich .iithotogy: . The:overlying .reef .unit .

is divisible,.on.theubasisaofxcoralsuandxsediments,Wintonthree.separate.,
facies--(1) :a .barrier-reef :facies; :(2) .a:back-reef :facies :and;-(3) .a.fringing~ .
reef facies.: .The.barriex-reef .facies .is, :initurny; .divisible into .two .zones--
(a) the Ealmata.zone:and%Qb}uthewcervicorniswzone;"inuwhich%the.gorals.are

almost -exclusively:Acropora ;paimata- andAcropovacervicornis.:-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

tﬁe ferrigenous sand zone :andy.in .the upper parts -of- the reef complex,
overlies the. coral—-knob zone-as :well. The: narrow; fringing-reef facies
is developed:in:the: uppermost.part-of :the -complex:and -is composed 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. 14). Conglomerate is most common over the
western,'laﬁdward,‘part of the pre-reef surface-.and-clasts are:derived.from.
all known Tertiary sediments;. various..older -Pleistocene-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.consisting.of.about .40 per:cent Acropora

Ealmatanfronds,tMontastréa annularis' (Plate .5D, 5E) .and .scattered Diploria.

in a matrix.similar.to.the calcarenite described:above; but with._fewer.
intraclasts...Instead,.the. . dominant .allochems :are Homotrema and  red crustose
algal fragments. .

The eastern,.seaward, . section of coral-calcarenites. passes upward.
without break:.into:the barrier-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 crustose :red . .algae, -suggests that, during
initial stages ‘of barrier-reef-growth,uopennocean:wavéS”swept across the
back—reef‘area;nencouraging:crustosewred“algalvgrawth“and%sweeping away

most loose sediment.

Reef Unit

Barrier-reef facies.-~(a) Palmata. zone (Fig. 14) - The. reef. front.of.

this complex is composed of a massive accumulation -of:Acropora palmata

(Plate 6C). This A..palmata.grew. and/or.was.scattered over an area about
0.53 kilometers (1/3 mile) wide,.6.5 kilometers. (4 . miles):long,.forming.a’
deposit over 12.meters.(40 feef)ﬁthioku:uTheﬂgalmata'zonezappears to.have
remained ‘in-one .position:throughout.most.of .the:reef:development.and.formed
a massive wall, composed-almost .exclusively:of.-A:.palmata:fronds stacked. .
one upon the.other.. Individual fronds:are up.to:0.3 meters (1 foot).thick,.
often over 1l.2.meters (4. feet) wide, and weigh.hundreds of pounds.. En-
crustations of red:algae:on:the:upper:.surface:of :many fronds.(Plate.8A, 32C)
indicate they.were.encrusted.in.growth .position;-.like those.now growing.off.
- the north coast.of. Jamaica. (personal.observation)..:.In.almost. all. samples.
examined; . the.red:algae:was:Lithophyllum:with-up.to.l0.per.cent. additional.
strands%of'Lithogorella;..Manyﬁofuthe;é,;galmata:fronds:arezinvertedv(Platef
6B), indicating. that they.were .broken.and tumbled.from. their growth.
position before burial. Repeated.boring by~ the .gastropod-.Lithophaga (Plate
8A), the sponge Cliona,.and eunicid.worms. (James,..1970) weakened -these la¥ge‘
structures and made.them. amenable..to mechanical.breakage...Tight.packing.

of the structure is well demonstrated.by.the.numerous .smaller,. immature.
fronds that are wedged.between.the larger fronds,.resembling a fieldstone.
fence. .  Stability-.of this structure.is.enhanced: by.the:in-situ .cementation of

some .of the inter-reef .sediment- (see Chapter 4).
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Sediment between-the ‘A. palmata:fronds is mainly calcilutite and
caleisiltite, -characteristically :containing whole, unabrailded, .pelecypod.
valves,-rodSﬂofﬂcorailineﬂalgaeJGespeciallywAmghiroa};:andntests.of

Homotrema rubrum::In:calcarenite:lenses:and-pockets, ‘the. grains are . ..

predominantly.well-sorted coral: fragments:(Plate:7E, :7F) with.an. average. ..

grain size of 0.25:mh;.;Accessoryugrains:are:composedaofﬂmollusc,'Am hiroa,

and ‘Homotrema rubrum fragments..

(b) Cervicornis zone -.Leeward, .behind:.the.abundant A. palmata,rare

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

coral is commonly-characteristic: of modern fore~reef-areas-(Plate 9C;.Goreau,
1959; Mesolella,:.1967;:Stoddart,:-1969) .but..appears: to.be+abundant.behind.

- the palmata- zene -in.this.Pleistocene:reef: .:Whereas-Al cervicornis.is.often.
a delicate form in.the-back-reef -environment:of:. many modern coral. reefs
(Kornicker and Boyd, 1962),.large :sticks.-(up-to:0:94 meters.long). (Plate 9F).
are found behind.this.Pleistocene.reef.crest.:. These:larger, more sturdy,.
Pleistocene .forms. appear: to. represent :adaptation:tosvigorous: . water movement
in the shallow.water,:reef crest:environment::.In"most-outecrops:the delicate -

railsed -polyps,.so-typical.of Acropora :species;:amerstill superbly.preserved. ..

sticks (Chapter 4), indicates that these .corals grew in‘'situ and were not
transported to their current position .from the fore-reef. Storm activity
(Ball and others, 1967; Perkins and Enos, 1968; Stoddart, 1969) appears to
have resulted for the most part in transport of A. palmata fronds behind
the reef crest, yielding interbeds -of A. palmata in-this cervicornis zone
(Plate 6D).

'Sediment'ithhe cervicornis ‘zone is essentially the-same as in the
palmata zone, with the addition of minor - amounts-of-echinoid—-and peneropolid

foraminiferal debris to the coarse:fraction. -Some parts-of the sediment. are

mottled and, in these areas, the mottles are composed of pelsparite.
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9.5 meters (30 feet) or more -and widths -of 7.7 meters (25 feet) in the
barrier-reef facies. -These:colonies,:although-scattered- throughout the
facies, are most. common: either bordering: 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 8E, 9B).

Back-reef facies.——Immediately behind- the barrier-reef -facies lies.a

massive calcisiltitercalcarenite . with:scattered: coral knobs. The lower.part

of this facies grades.laterally westward-into:a-well-bedded;~terrigenous sand.

The térrigenous sand ‘and’ coral~knob'.zones are -overlain-by-a-lithology made
up almost entirely of Porites: sticks (Fig. 14).

(a) Coral-knob zone - The part -of the coral-knob-zone-adjacent to.the
barrier-reef facies consists of scattered’ (30:per ‘cent) “coral knobs in.a

mottled sand  (Plate 11, 1D).. Large, >tall :colontes-of-Montastrea annularis

gfow from'underlying‘Acropora.palmata:mounds*and“mayﬁbe*up'to 3 meters. (10

feet) high. Scattered among these colonies are round Diploria heads (Plate

11A). 1In the upper part of the zone, corals aré*smaller=and'§, annularis
assumes an encrusting "hat-like" form (Plate 11C). ‘This "hat-like" growth
form of M. annularis is characteristic of. the back-reef environment in
many modern coral reefs (Plate 11D).. The presence of a-similar coral growth
form in both Holocene 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 11F) and

Isophyllia.

Sediment between corals in the back-reef facies is mottled and changes
in composition vertically. Brown, terrigenous sand at the bottom of the

unit grades upward into white' calecilutite. In the lower half of the unit,

B R OIS ory
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sediment mottling’ is very striking with white 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 animals. . These:animals (probably the
shrimp Calianassa; Shinn, 1968a), appear to have created a network of
open tubes in the brown, terrigenous sand below-the sea floor. When the
animals iater deserted these galleries, -the -fine, carbonate sediments then -
being deposited»bn-the lagoon floor -filtered:down-into-the holes and.filled
them. This resulted<in"the-presentedayttextureﬁofﬁbrowntsandﬂwithnirregular
brown blebs and tubes:(Plates.12D,.12E5:12F);;;At'the'top'of the unit, the..
lack of contrast.between burrow-£ill -and. surrounding caleilutite makes these
mottles difficult to discern. |

Coarsest sediment, dominantlf'quartz grains (Plate 13C) with up to 20
Per cent micritized, .carbonate particles: (Plate 13D), ‘occurs at.the.base of .

the coral-knob zone. This sand. grades.up-intova micrite with silt.to.fine.sand

sized skeletal debris.(Plate;13F).ofrmiliolidvforaminifera;'molluscs and. crust- .

oge 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 by -a narrow zone of
medium grained calcarenite reflecting 1oca1*production-of‘abunéant 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,
terrigenous sands. (Plate 5D). .These sands were derived: from nearby, .poorly
lithified, Lower Eocene,.Scotland.beds...Terrigenous sedimentation does.not.

~appear to have.affected coral growth 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

i
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Scotland beds. In the lower part of the zone, sands-are well. laminated.
Near the top .of the zone, laminae are disrupted by calcite cemented tubules

(Plate 12A, 12B).

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

Porites biotope developed.landward .of the coral-knob-zone. The species of
Porites is difficult to identify,.but the.relatively: long, slender.nature.of.

the sticks suggests it is Porites. porites-var. furcata.- Profusion of these

sticks (Plate 14A) indicates rapid.and massive growth: Interspersed with .the .
Porites sticks are small accumulations.or patches.of:accessory:corals. (Plate. ...

14D) such as Eusmilia, Agaricia agaricites, Siderastrea, and Manicina.aerolata.

Especially prominent are the relatively large number of mollusecs, particularly

the gastropods Strombus (Plate 14E) 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 Porites sticks grades
from a muddy calcarepite at the base (Plate 15A, 15B) to a well-washed
calcarenite at the top (Plate 15C, 15D). Many (up to 30 per cent) of the
silt to fine sand sized fragments are again micritized peloids of unknown

origin. In the cleaner, better sorted, upper portion of the zone, most grains

are coral and accessory.mollusc.fragments.

Porites porites:var. furcata is one of the most common' corals in the

back-~reef environment of modern coral reefs. This form 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 growth .of.this coral is particularly prolific where the

sea grass, Thalassia testudinum is abundant (Plate 14C; Margalef, 1962;

Rigby and McIntire, 1966; Turmel and Swanson, 1970).
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In modern-reefs; ‘Thalassia-beds-are-distributed:either:in a. patchwork .
pattern, alternatingfwith"open'sand:(Kornicker*andﬂBoyd;f1962)“or in litnear.
trends parallel to.the reef ‘tract.. -Asthis-grass-does not contain. any .
skeletal hard.parts; itfleaves.noztracetin-theﬂfossil'record"and"its.presence
is only'indicated'bynthe:generally:fine:sediment”(Ginshurgtand Lowenstam,

1958; Humm, 1964;:Land,:1970b)‘and1associatedﬁfauna:izBesideSEBorites'pprites“

var. furcata,.this environmentiiStalsoiinhébited:by:several2speciesTof.gastrOe
pods. and bivalves, the green alga Halimeda, assorted sponges -.and holothurians
(Supko and others, 1970), and the corals Diploria (Rigby and McIntire, 1966),

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

often assumes a "ball-like" growth.form.. .Of.these; the molluscs.contain the
most characteristic.hard,parts,Jand;the;mostIdiagnosticzof:these are.the

bivalveS“Codakia.orbicularis:andnChione.cancellata:(O'Gyper“and Wacasey, .

1967; Moore and.others, 19683 .Taylor.and .Lewis, 1970). .The gastropods .

- Strombus and Bulla. are, .if.not diagnostic, .very common forms.

To summarize,,the;similar"association"ofnthe’above.Pleistocene.molluscs.
and~corals,ualong:withutheirtposition.relative:to,surrounding sediments .

and facies, suggests.that the deposit .represents-a-Porites=Thalassia community

growing in very shallow.water.

Fringing-reef facies.-~-At.the top, landward (western) .edge of .the

complex are discontinuous coral .accumulations, generally less than 3 meters
(10 feet) thick and rarely more than 50 meters. (162 .feet) wide. These coral

patches are fronted by:scattered:Acropora;palmata"inucalcarenite“(Plate

14F) and localized'on.1atera11y.persistent, underlying topographic highs. .The

Acropora pialmata fronds are not coated with red algae, seldom bored, and

rarely in growth position. Westward;.directly:behindtthese A. palmata

accumulations, is .a mottled:calcarenite, characterizedfbyzsmall Siderastrea

heads and numerous Strombus shells.
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These small, coral patches, themselves 'broadly divisibie into a reef
(A. palmata) and back-reef: (calcarenite) zone; "appear to represent a fring-
ing-reef facies'adjacent?and:parallelfto:thetaxiszofithe‘relatively high
St. Lucy Ardﬁmﬂafhe:relationship.betweeﬁ.th132faciesaand'the‘POriteSe
Thalassia zone of .the back-reef facies .is not:clear:except in one section
(B6 to Bl12 - Fig. 35), where .the A. palmata.grades.eastward into-calcarenite,

which in turn grades .into .the Porites-Thalassia zone.

104,000 YEAR OLD REEF COMPLEX, NORTHWEST 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.exposed.to<subaerial‘weathering long

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

Facies

Limestones of the 104,000 .year old complex .can be divided into a
reef facies and a back-reef facies (Fig. 16). Unlike .the 83,000 year old.
reef complex on the northeast coast, .no-basal .clastics were .observed. .
The reef facies can be subdivided .into:a:western; cervicornis .zone .and an
eastern, reef.crest, or .palmata zone. ..The back-reef facies can be.sub-
dividéd, 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 facles.—--(2) .Cexrvicornis zone -~ This zone, consisting .of .numerous .

Acropora cervicornis sticks in a fine grained matrix, forms the western edge
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Figure 15. Surface facies distribution of 104,000 year old
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104,000 yr old reef complex
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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 development of facies geometry during various phases of reef growth
as sea level rose and transgressed over older strata along the northeast coast of Barbados,

about 83,000 years ago.

PSPPSR




e

I

;55
of the reef facies (Fig. IS5, 167). Many A. cervicornis 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.calcarenite contains.a coarse mode (1.5 to 0.5 .mm) of
unabraided, érticulated,.coralline.algae;(Amphiroa;:Plate;lOA) and mollusc
fragments with a fine mode(0.3 to 0.2 .mm) dominated .by coral fragmeﬁts.
(Plate 10B).. Calcilutite,.wheﬁ.present, is usually silt .sized fragments of
red algae,:foraminifera!.and corals in a miecrite matrix. |

. (b) Palmata zone — This reef.crest. accumulation 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?crossfbedded,.
terrigenous sand. -The size.and:packing:of:coral:frondstincreases.upw;rds.
until the top of the zone.is an.accumulation:.of tightly-:packed corals.with. .
ﬁuch less mat:ix.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-
rivéd from Scotland .Formation.beds .exposed nearby. Sediment between the
coral fronds becomes finer and more calcareous upWar&si 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.dominantlylvery“fine sand .to.
silt sized grains of degraded.skeletons.of:the above, “as-well as echinoid.
fragments and.pianktonic.foraminifera.in.a.matrix:of'3fto*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
zone 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 calcarenite made up of coral and mollusc fragments and large
relecypod valves.

This coral-rich deposit grades landward (east) into a brown, fine
gfained calcareﬁite‘that is. alternately well laminatéd or bioturbated (Plate '
16A). 1In this calcarenite are scattered, overturned, coral.heads along.with. §
large, pelecypod shells. Large fragments of Amphiroaiand“Homogrema reflect
‘the proximity of this calcarenite to the reef facies (Plate 15F).. Most
of the grains are detrital quartz, crustose red algae, and coral (Plate
15E, 17A).

(b) Stick-coral zone - This zone forms the-central part-of the back-
reef facies and is the most widespread back-reef lithology (Fig. 153) south

of Speightstown. In places, this zone onlaps westward over the near-reef

zone.

accompanied by scattered, 'small Siderastrea-and -Montastrea annuldris in

the "hat-1like" growth form. Coral sticks are-commonly encrusted with. other

corals such as Porites astreoides. Strombus and large bivalves-.are intensely

bored by the sponge, Cliona. The matrix varies in composition from a
mottled calcilutite with acgessory silt sized skeletal fragments (Plate
17B) to a calcarenite similar in composition to calcarenites just behind the
reef facies.

(c) Nearshore calcarenite zone - The landward side-of the back-reef is
characterized by calcarenites. Fine grained, nearshore .calcarenite contains

up to 40 per cent small, whole, planispirally coiled foraminifera of several



v e s

htrm oy

57

different species (Plate 17C, 17D). Most éfvthe remaining grains are crustose
red algae, often in well-rounded grains, and detrital quartz. These cal- .
careni;es.grade,eastward into,,and.are~interbedded"with,-cfoss—laminated,
medium to coarse, well sorted,. well. rounded calcarenites . (Plate 16D).

‘These cross—laminated calcarenites:are the easternmosty and topographi-..
cally highest, deposits of the complex, and they dip-seaward (west) at about
10 deérees. They also overlie the weathered sﬁrface of an older reef complex
(Plate‘17C). These calcarenites are.dominated by crustose red algae fragments
and whole and broken Amphistegina foraminifera, and are characterized by
numerous large intratlasts, gemnerally of mud and algae or.mud and Homotrema
(Plate 17E, 17F). The geometry,.stratigraphy,.and-compoéition ofbthese
calcarenites are similar.to.those of modern beach calcarenites..

(d) Porites-bank.zone = ﬁo;th:of_Maycock!s_Bay, the back-reef facies

changes to a series of Porites.porites.banks (Plate 16E) that grade eastward

to a rhodolite zone.. P. Roritesumounds-are:generally 0.9 to 1.2 meters
(3 to 4 feet) high, .up to 4.7 meters. (15.feet) long, .and have'aécreted one on.
top of anothér to yield. a deposit.over 3.7'meters:(}2'feet).thick. The
matrix between these corals is terrigenous sand.

(e) Rhodolite zone —.Over half.of.the rhodolite zone consists of
algal nodules, averaging 10 centimeters in diameter, and thin:.crustose.algal

plates in a calcarenite. Rhodolites .are mainly Lithothamnion, Archeolitho-

thamnion, minor Lithégétélla,.red algae, the encrusting foraminifer Homo-
trema, and Gypsina surrounding a.nucleus of coral, mollusc or other red.
algae (Plate 10E, 10F).. The irregular algal .plates were bored and the holes

subsequently filled with mud.. The .calcarenite matrix is mainly smaller, algal

nodules and calcarenite,mwhose-allochems-are red algae, .occassional Halimeda, .

Amphistegina, .and Gypsina plana with accessory mollusc fragments, quartz,

Homotrema amnd planktonic foraminifera.
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DISCUSSION

Reef Growth

83,000 year old reeficomplex.—-Extensive erosion along the northeast.

coast has cut deeply into this reef complex and underlying strata. The
variation in facies geometry and sediment composition illustrates the
establishment . and .development of this reef complex during one major trans-.
gression of the. sea, about 83,000 years ago.. On-the basis of facies
variation, three phases of sedimentation can be discerned-+=(1) deposition.

of sands andnconglomerates;and:widespreadﬁgrowthJoancropora.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. 17°).
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-
graﬁhic 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 (1.to 6 meters), laterally.pontinuous,.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 A. palmata, over a
relatively wide area at the base of.the,83,000,yearzold:reef'complex, is .in.

contrast to the position of A. palmata as a narrow zome in the reef facies
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of most Pleistocene"reefS'on'BarbadOS'(Mésolella,"1967);' A. ‘palmata,
characteristic of the modern reef crest zone (Goreau, 1959; Stoddart, 1969),
~rarely grows in water deeper than 9imeters:andgiSﬂmost:prolific in depths‘
of 5 meters or less. The widespread, Pleistocene, 83,000 .year old deposit
may represent A. Ealﬁatafgrowth.in.shallow water . during-the initial stages
of parine transgression over the sloping land surface. As. sea level rose
and.the shoreline moved westward, the zone.of .prolific A palmsita growth,
limited to shallow water, also moved. westward, .creating a relatively thin,
laterally continuous, slightly diachronous. deposit.

The barrierereef'faciesvéf the .next phase'.appears to have.been. .
localized at the eastern; or seaward,uedge:of:théié;ﬁgalmata deposit de-
scribed above.

The reef facies is a thick (up to 10 meters);wallfof Al palmata, built
up during a slowly rising sea level. This is in no sense a narrow reef
facies of some ancient reefs (Stanton, 1967) .and -also.many-of the leeward
Barbados Pleistocene reefs (Mésolella,;1968),;but is- a'massive accumulation

of one dominant coral species.

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, scattered. heads of -Mi-annularis 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 Scotland. Formation was cut off
soon after establishment of the coral-knob-terrigenous sand zonation.

The terrigenous sand zone was replaced by a calcarenite :rich in Porites
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porites which appears to represent. a very shallow water; Porites-Thalassia

community. A.very shallow water environment.is.also.reflected by the shape

N

of the encrusting, "hat-shaped" M. annularis.in.that part of the coral-

knob zone adjacent to the Porites-Thalassia zone. .The.relatively thick,

4.6 metexrs (15 feet), nature of:the:Porites-Thalassia zone suggests de-

position kept pace.with a slowly.rising.seaslevel. The transgression of

the shallow water; Porites-Thalassia. zone, eastward over the adjacent

coral-knob -zone and finally over.part of the barrier-reef facies (Fig. I7),
may reflect a stillstand at.-the highest point of sea level rise during the
83,000 years B.P..transgression.

Porites sticks were subjected to more wave action during this last
'phase of deposition and sorted into. beds alternating with lenses of shells.
Porites sticks and accompanying larger, skeletal remains .were.also washed
into surge channels running across the A. palmata, barrier-reef, and in'
these channels were coated with.red.algae.to form rhodolites.

During this last phase of reef growth, a series of marrow, A. palmata,
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. This reef 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 83,000 year old reef complex
points up the danger of assigning.a.separate interglacial high stand to

every occurrence of A. palmata.
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104;000-year%old'reef'complex.-—Most.exposures of this reef complex

are either shallow, road outcrops, .mainly exhibiting back-reef sediments,
or sections down the face of the First High Cliff, exposing sediments of
the reef facies. There is not;enougﬁ4vertical,exposure.tO"permit division
of the complex-intO;sepafate phases of growth. The shallow, back~reef
outcrops do, -however, -indicate.a .marked 1ateral..var.iability. . Crustose red
algae and rhodolite sediments, in the northern part of the complex, grade
south into calcarenites (Fig. 15)..vThe.centre¢of»the.back—reef furthér

south is rich in delicate stick-corals.and fine grained caleisiltites and

calcilutites.. The change from.rhodolites;tO'calcarenites*occurs opposite.the ..

area where the.Secon&.High Cliff;swingS'abruptly;eastward.t-The.backvreef-
éediments.inwthe lee-of‘theﬁSeqoud.High.Gliff.mayvhave:been:protected,from
the Atlantic:waves“that.come;from;the.east.;;FineﬂtO"mediumzcalcarenites
and'delicate.stick“coralsideveloped;ithhiséquieter,.leeward:environment.
Sediments on the open, .North Point Shelf were subject  to much ‘more 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 McIntire (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 existed'on.the.North,PointaShelf-aboutxlOé;OOOfyears ago.
‘Duringutheufinal.stages;of:reefJgrcwth;:thezshallow;1lagoona1.facies.
transgressed,seaward.asﬂinithefyounger,83,000;yearmoldicomplexw.AThe

Acropora cervicornis, 1agoona1,.stickvcoral,zone migrated .westward over

the adjacent.back-reef calcarenites. The .palmata :zone also.transgressed

westward slightly over the adjacent;fseaward; cervicornis zone.



A e e e e s e e

62
Sediments
One hundred .twenty thin. sections.were examined .to .determine the
composition .of sediments:from.the .various .faclies .and:zones. Sandstones..
(sediments containing_over 50.per.cent.terrigenous.grains)- are excluded
from the following discussion...Sediments.contain .all the ‘major skeletal.
allochems recognized.in modern reefs,.except .the :green-alga Halimeda which

is rare (Mesolella.and.others, .1970).

Reef sediment.--Sediment between.large corals of the reef facigs is
dominated by fine material, .mainly calcilutite .and .calcisiltite, with
occasional pockets .and.lenses.of calcarenite,.és noted .by other investi-
gators of reef deposits.(especiallyvNewell,.1955).

Although fine grained, the sediment is.characterized by up to 30 per
cent whole or initially.fractured.skeletons .of .the. articulated.coralline.

alga Amphiroa, .the .encrusting.foraminifer-Homotrema . rubrum, .and _miscellaneous

large, pelecypod .fragments. ' Both Amphiroa and H. rubrum are common or-—
ganisms that.live.on and between.large .corals in .a .reef, and so are produced
in situ. This.strongly.bimodal.sediment, :with.its .characteristic coarse
mode, is easily distinguishable .from .lagoonal muds. .
The grinding together of.fronds.under .surf action-causes the delicate,
raised polyps of Acropora.species.to be.broken off and produces grains about.
0.25 mm in diameter (Folk .and Robles, 1964). Calcarenites associated
with the reef facies reflect this breakdown as .they are almost exclusively

coral grit with an average grain size.-cf£.0.25 . mm.

Sediment “betweenAcropora .cervicornis sticks-is-essentially the same

but contains sandier interbeds.and the coarse mode is dominated by Amphiroa

with little Homotrema.

The articulated coralline .alga.Amphiroa and the .foraminifer Homotrema

secrete skeletons of Mg—calcite, while corals and many molluscs precipitate

e Lt Rt et A
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an aragonite skeleton.. In the:subaerial,adiagenetic:environment,.Mgecalcite‘
skeletons generally alter to calcite .relatively .rapidly, while aragonite
skeletons equilibrate .more slowly, .often .losing.many of .their original .
skeletai structures.(sgeuChapter.4.—.fntroductionlf'AFine:grained, cal-
careous sediments also appear to equilibrate relatively rapidly in the sub~
aerial, diagenetic environment (Mattheﬁs, 1968). Consequently, the.chancés,

are good that .the skeletal structure .of Amphiroca and Homotrema will be pre-

served during inversion to calcite .in .the subaerial, diagenetic environment,

and survive to be .useful .indicators .of the reef .facies.

Back-reef sediment.--In the 104,000 .year old .reef complex, the cal-.
carenites reflect .proximity to"the_reef,”or.tovthe.shéreliné. Grain .size
is coarse, both directly behind.the.reef,“anduin;beach-sandsgéand:progressively
finer towards the .centre of the.backwreef.ALCalcarenites_dn the reef side of
the lagoon are dominated .by reef-derived .components. Coral ii ubiquitous,
but Homotrema. 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 .calcarenites near the .shore. ‘These calcarenites are composed
of small, coiled foraminiferavand.crustose-red<a1gae. Beach calcarenites
contain characteristically~We11vrounded,.abraidedtgrains.of crustose red

algae, Amphistegina,.and.numerouStintraclasts,.

Whereas the.type of calcarenite.grains is easily identified in the
well-laminated, back-reef sediments of .the .104,000 .year .0ld .reef complex,
mottled sediments in the back-reef environment 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 these may be formed
either by fecal agglutination or micritization of skeletal 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.material,.rather.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 features.of late Pleistocene reefs of northern Barbados. Mixed car-

bonate—terrigenous .facies are relatively uncommon in recent reef complexes.

. On the Great.Barrier.Reef, although .the .dispersal .of terrigenous components.

is dependent on.several .factors,.the amount .of insoluble sediment between.
reefs is mainly dependent .upon.proximity .to.source .(Mazwell and Swinchatt,
1970). This is true for northern.Barbados, .as well, where this sediment
reflects the.proximity .of these .reef.complexes.to a.source of sand, .the
Scotland Formation.beds outcropping.on.the .St. Lucy Arch. The amount of
sand is relatively .low in the upper parts .of the .83,000 year old reefvcom—
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, .if not.greater than, both coral and in

situ carbonate production in.the .lower.part of .the complex. As a result,

the facies distribution might 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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CHAPTER .4- - - LIMESTONE DIAGENESIS

INTRODUCTION

In recent years, modern.enﬁironments“ofm¢arbonate'deposition have
bgen given.increasedqattention,“in.a;search.for:greater"insight.into the.
conditions under,whichﬂancient.1imestonesnwere-formedr 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.generatediduring early .
diagenesis often remain unaltered over most of geologic time. The most
important of these earlyAchangesuis.theﬁequilibration.ofzcérbonate minerals
formed in'seaJWater.with.other:fluidstat;"ornnear,:thetearth‘s surface.

' qvq),m'f-' wd T wcadafr '
Carbonate mineraliaprecipitated“in;contagt‘with=sea“water<genera11y equili-~
brate by changing .to .calcite..

Carbonate deposits forming today on the sea floor, composed of
organically and.inorganically derived constituents, are produced by many
different organisms.and processes, in one .of three mineral phases—-calcite;,
Mg-calcite (containing over 4 mole per cent.MgCOB),.or aragonite. Each
constituent, .due .to .its .own unique .structure :and mineralogy, reaches
equilibrium with new surrounding .conditions :in .a slightly different manner..
These inherent differences result, in p;rt, in the varied states of fossil
p;eservation, replacement.textures,.and.porosity.modification; observed in
ancient limestones. In .an effort. to.discern with more precision the ways
in which diagenesis takes placé, relatively young (Pleistocene) limestones,
made up of the same .constituents .as modern carbonate deposits, are being
studied in greater detaill.

To place these changes in meaningful ~perspective, Purdy (1968) has

introduced the concept of "diagenetic environments". He establishes three
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different areas in %hieh these alterations occur-~-(l) subsea, soon after
deposition, (2) subaerial, upon exposure .tofresh water, and (3) subsurface,
or after deep burial. By documenting the -diagenetic alterations presently

taking place in each of these environments, .some of the resultant textures,

diagnostic of a specific enviromment, may be distinguished in .ancient .rocks.

Sediments in moderm, carbonate .environments may .undergo mineralogic

(Schroeder, .1969; Windland, .1969). and .textural .(Purdy, 1968) changes on

the sea floor prior to burial, or be .covered without .alteration.-Once buried,

these sediments .either remain.asxloosg'uncemanted:particles.or become
quickly 1ithified'into.true.limestonet(Taft:andwothersg'1968;“Shinn,.1969;

Tayior and Illing, 1969). Although .observed:in modern deposits, some of

these changes have .only recently been .discerned-:in-ancient ‘limestones (Purser,

1969; Schmidt, .1969). Recognition:ofzsubmarinenalterationéandnlithification
in ancient limestone sequences has .resulted .in'.a.re-evaluation of the
geélogic history of some carbonate successionéf(Rose, 1970) . The uplifted
Pleistocene.reef.limestones.on.northernuBarbados.displayztextures.that
are similar-.to those.describéd:from:synsedimentary;xcementedncarbonate.in
modern, coral .reefs. .Synsedimentary,;submarine2lithification“appears.to be
important in determiningxthe:subsequentndiagenetic:history'ofisuch,sediments.
To date, most.investigations:of.1imestone.diagenesis‘have been con-
centrated on those.changes .that .take place when marine deposits are subjected
to subaerial, .fresh water fluids, .on'the . assumption .that it is here that
many of the éhanges occur and that most .0f .the subsequently preserved
textures are .created. 'The majority .of-.these.studies .have been .conducted .
on rocks altered-in.the:upper;QVadoseQuportionxofxthe1subaeria1, diagenetic
environment,ubutvinvestigations.have:recentlyrbegun.in.therlessvaccessible,

"phreatic" portion of this .environment (Land, .1970a) . The most notable .

studies on vadose subaerial diagenesis : (Friedman; 1964; Land, 19673 Matthews,
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1968, 1969) have concentrated on calcarenites, as4this grain size contains
the greatest variety of coqstituents.and.is most easily studied. From
these and other studies (Purdy, 1968; papers in Bricker, 1971) a general
scheme of alteration has emexged. .. | .

About two-thirds of the'calcium.carbonate'precipitated-in;the ocean .is .
aragonite. The rest is Mg-calcite; calcite.is rare. 'Thezfirsi';wo minerals
are unstable with respect to most.Subﬁerial-fluidS'and equilibraté to the
relatively staple form, calcite. Observations indicate that the fricro-
structure of most Mg-calcite .skeletal grains is little affected by this
change, suggesting that .the ionic .exchange'.is .in .the-formof exsolution
(Land, -1967). . The alteration of .aragonite, .on-the :other -hand, as it in-
volves a structural change from orthorhombic .ta-hexagonal systems, may
lead to destruction of the original, skeletal tEXture?and.preservation‘of
only the external form (Bathurst, 1966; Windland, 1968).

The most stable minepgl,phases w;th respect .to sea water are araéonite

and Mg-calcite (averaging approximately .10 .mole per .cent MgCO ;.Windiand,

3
1969) . The .solubility .of Mg-calcite increases with.increasing'Mg003.content
so that a Mg-calclite with .7 mole per cent MgCOSuhaS.the.same.solﬁbility as

aragonite. Mg-calcites .containing-approximately .16 mole per-cent MgCO, are

3
about twice .as .soluble .as .aragonite énd four times as soluble as calcite with
respect to fresh water (Chave and-.others, 1962).. .Under-ideal conditions, .
Mg-calcite constituents with 7nmole-per-centng803-orzgreater'will, there—
fére, equilibrate more rapidly than .those .of aragonite: 'This is confirmed .
from studies .of late Pleistocene .limestones .in .the vadose, diagenetic en-
vironment. While aragonite is .still in the process of alteration, most

Mg-calecite grains have completed .equilibration to calcite. 'Thus the mineral

phase, and hence the particles made up of the minerals; .react at varying
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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 mhch attention. Fine calcareous .sediment, possibly .because .of
its inherent .mineralogy .and fine .grain-.size which-=(l) is-more reactive
and (2) provides .a greater .number of nucleation sights-per unit area than
calcarenites, .appears to equilibrate more rapidly .than the coarser sedi-
ment (Chave and others, .1962; Matthews, .1968)..
Large,-skeletal.constituents,.mainly.molluscs.(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 chrofiology. The processes of .alteration that lead to the preservation
of the mollusc skeleton have been .documented, in .a-general way,. by
Bathurst (1964). The myriad of corai.textureSuwaszlongtago-superbly out-
lined by'Cullis (1964). Since then, .there has been-little .attempt
(except Land, 1967) to ascertain how the .structural-alteration of aragonite
to calcite takes place in corals while, at the same-time, preserving the

delicate microstructure more or less intact.  -Consequently, some of .the

corals within the late Pleistocene .limestones .under-study“were investigated .

in an attempt'.to .ascertain the .ways .in which'.these .changes take place.

Hopefully, some .of the fabrics seen in the preserved skeletons of more

ancient forms could, as a result of .this .study, be illucidated~more clearly.. .

As our knowledge .of these‘early-diageneﬁic:changES"increases, it
appears that in .each diagenetic environment a .separate .series of alteratioms
takes place. We do not yet have the background :.of petrographic information
needed to identify these different .environmments with 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 1s developed, below which
is a sécondary zone of alteration. Although these crusts have been reported
from many areas (Multer and Hoffmeister, 1968), their petrographic

cﬂaracteristicsaare unknown.  In order to .establish .useful criteria for

recognition .of -.these-diagenetic .crusts,.and to-differentiate .them from
other similar features, subaerial .crusts .from Barbados-were investigated .
and compared.to.similar‘cfusts.from:other areas.  ‘These crusts were then
compared'to.fossil.examplesnto see -how .these:features-altered during

diagenesis, and-what textures would be preserved in the  fossil record.

MINERALOGY -OF .PLEISTOCENE ‘LIMESTONES "IN :THE - VADOSE .ZONE

The degtee.to which any Pleistocene .carbonate .has .equilibrated with
surrounding vadose fluids.is .reflected by .the. amount of  change in.ifs
original mineralogy. On.Barbados, .in.the .subaerial diagenetic environ-
ment, the degree of equilibration.appears .dependent .upon :two factors——
(1) age of the limestone, .and .(2) climate .(Matthews;-1968).. .. While most
carbonate on-thevisland.hasaalteredato1calcite;;portionS“of“the younger, .
Pleistocene .reef complexes often. contain .appreciable amounts of aragonite
and sometimes Mgwcélcite.. Young, Pleistocene-limestones in areas of
relatively high .rainfall have a'.greater-proportion-of-calcite than lime-
stones of the same .age .in relati&ely,dry-areas.

Northern-Barbados -contains ‘limestones of all ages and is an area
of relatively low rainfall (145 centimeters/year or-less) and high

evaporation. - The:-only'limestonesthat:still .contain .any-unstable .carbonate
minerals are associated with the .late Pleistocene- (104 ;000 .years B.P.

and younger) .reef complexes; minerals-.in all others have completely
equilibrated :to calcite .(Appendix .C).. . Constituent .particles in éal—

carenites and calcilutites from the 104,000 year old reef complex are
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mainly calcite with only scattered éréins-of“coral'retaining their ara-
gonite mineralogy. The mineralogy of large; coral colonies in the reef
complex-is less consistent." .Although-.numerous:corals-are-still aragonite .
and many have:.completely-altered.to-.calcite; :the majority .are in a .
transitional"stage,.partly'aragonite.and~part1yuca1cite;.'The-number of
calcite corals increaseS‘southward.towardS"areas.of'higher‘rainfgll.
(over 150 centimeters/year) and relatively low-evaporation.

Sediments .deposited-about .83,000 .years .ago, -along-the northeast
coasf, have partially"equilibrated.withusubaerial.fluids;."Most.Mgecalcite.
have altered to calcite. .Aragonite .constituents have-either remained
unchanged, completely dissolved, :or-.are:.in.the.initial stages of
alteration to calcite. The majority .of the.corals-in'this complex are .
still aragonite but many .illustrate the initial stages .of solution and
calcite precipitationm.

In the 60,000 year old, fringing-~reef terrace;along- the northwest

.coast, all the corals .are still aragonite, and sediments; for the most .

part, are made up of their original sedimentary mineralogy.

SUBMARINE .LITHIFICATION .
Most of the sediment matrix between .corals -in-the-83,000 year old
reef complex is either unlithified .or .poorly cemented.'..In .the .reef

facles, however, sediment ‘between-:Acropora .cervicornis sticks, .and be-

neath  Acropora palmata.fronds, is .occas¢ionally .very well lithified.

The mode of .occurrence, and petrographic texture, of this well lithified
sediment (discussed below) is similar .to syn-sedimentary, lithified,

modern reef .carbonate, .suggesting that .the Pleistocene sediment was

prelithified in the submarine environment.
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FCervicornis Zone
The long, slender coral sticks in the cervicornis zone are offen
superbly preserved, still retaining their delicate surface polyps.

In some areas, numerocus sticks are surrounded by a uniform brown or grey,

very fine grained, well lithified .matrix in.the-form of a-.crust, up to

-3.5 centimeters thick, with. a .lumpy .exterior (Plate 18B). These well
lithified crusts contrast sharply with .surrounding .crumbly, mottled
calcilutite or poorly lithified-calcarenite.. .

Most of .the crusts occur .near .the base of-the section, and contain
up to 1/3 silt .sized .quartz .grains, .which.gives .thema-grey .colour.
érusts found near the top of the:section, with less than 10 per cent
accessory, silt sized, .quartz grains; .are buff-brown"in ‘colour. Al-
though X—ray.difﬁraction“indicates;thattthe majorityﬁof'these crusts .

are calcite, some-of .the buff-brown .crusts are Mg-calcite.

Mg~calcite crusts.--In cut section, the crusts are composed of
highly irregular laminae (2 .to .3 .centimeters:thick). :(Plate~18D) which .are .
the expression .of alternating areas.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. Areasﬁof close and widely spaced .pellets are separated
by sharp boundaries. ZEach pellet is surrounded by .2a-fringe of spar from
2 to 6 micra thick, which cements the rock tightly. :The crystals in this
fringe are very irregular, but dentate, Mg~calcite scalenohedra -can occasion-
ally be discerned growing normal to the .pellet wall (Plate 19D). This
cement is easily discernable .in' the wider -spaced pellets, but in the
areas of merged pellets it is hard:.to .differentiate-from the pellets.
On the electron microprobe, .both pellets and.cement .contain 11 to 16

mole per cent MgCOB. Because cements precipitated-in' the 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 envivonment..

‘Modern analogues.——Submarine lithification is currently being recorded

from the reef facies of several modern .reefs—(Macintyre and others, 1968;
Land and Goreau, 1970; Ginsburg and others, 1967, 1971b). . 'Of -particular
interest isAthe‘massivéncementationtof*theacervicornisizonefin vigorousl;
growing reefs-offithe.north-coast~of Jamaica (Land and Goreau, 1970).
Investigations by the-author indicate-that .the form of submarine cementation
in northern .Jamaica .is strikingly similar to that in the Pleistocene of

Barbados.

Acropora .cervicornis sticks (Plate 18A), .coated by lithified, Mg-
calcite-rich, pelleted micrite,.are common in .the .Jamaican reefs. The
pellets are platy Mg-calcite (Plate 194, -19B), similar-to-the surrounding
scalenohedral Mg-calcite cement, which contains about 18-mole per .cent
MgCO3 (Land and .Goreau, -1970). - This laminated-to massive pelsparite
displays a smooth to knobbly, outer surface.

Petrographic comparison between a sectién.cut.from.the sampile
(Plate 18A) figured in Land and Goreau.(1970, -Fig. 5, p. 460), and the
buff-brown, Mg-calcite, Pleistocene samples from Barbados, indicates
similar size, composition, .and arrangement .of .pellets, as well as similar
cement characteristics (Plate 194, 19B, .19C, 19D). It appears, then, .that
these Mg—calcite,"Pieistocene crusts, surrounding :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 pelspariteSﬂ(Plafe-IQE); Upon initial

examination, the calecite crusts appear petrographically identical to the
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Mg-calcite crusts. The crystal size of the pellets-is; however, slightly

larger, up to 5 micra in size. . CementVbetweentpellets‘iS‘approximately the

- same size, averaging 3 to 8 micra. ..Overlap in crystal size between pellets

and cement makes it difficult to pick out the boundary between the two.

Cement crystals are again just one layer thick, but more equant than the

Mg-calcite forms. The centre of most small voids is occupled by relatively

large (up to 60.micra),.ca1qite crystals.

The similarity between-the :position; form; and.texture .of Holocene .
and Pleistocene Mg-calcite, pelsparite .crusts; .and.the Pleistocene calcite
crﬁsts described .above, suggests that the calcite .crusts may have been
lithified by Mg—calcite in the submarine environment: ~Subsequent uplift
and exposure to subaettal, ~<radose fluids has altered most of .the original
Mg-calcite to calcite. . Equilibration is, however, not .complete in this

relatively young (83,000 year old) reef complex, .and .s0 .some crusts still

retain their original, Mg-calcite mineralogy.

Palmata zone

Acropora palmata fronds in .the 83,000 year old reef complex, at

Jordan's Cowpen along Barbados!4northarn.coast,.althoughﬂsurrounded-by,
poorly lithified%calcarenite,,are:directlyﬂunderlain'byaa"well—cemented,
caleilutite layer .(Plate .18E, 18F) which, ‘depending .upon the size .of
the coral, may be up to 2 centimeters:thick: ..This grey, calcite, pel-
sparite layer, with a knobbly exterior, “is petrographically identical

to the Calcite.pelsparite.surroundingﬁAcropora.cervicornis sticks (Plate

19F) in other parts .of .the.reef. Like the calcite crusts .associated
with A. cervicornis,‘the,crust81be10w.ér.Ealmatatmaythaveﬂbeen lithified .
in the submarine environment by Mg-calcite prior to being uplifted into

the subaerial, vadose zone, and altered to calcite. .The possibility of
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submarine lithification.is.enhanced.byxthe:fact.thattborings of the
date mussel 'Lithophaga-and eunicid worms-penetrate-both-the pelsparite
and the coral. . .These .cavities are .now.partially-filled-with carbonate
sediment similar .to poorly"1ithifiédusedimenttsurrounding the corals,
suggesting'that‘the:pelletedtcruststweretlithified:early;Lcertainly prior

to sedimentation between fronds.

Discussion
The accretion .of this reef facies along the northeast coast was due

not only to coral growth and minor,bindinguby‘algae:and1foraminifera,4

R §

but also, significantly; to syn—-sedimentary cementation:.- Such fabrics .are ..

neither seen in.the.10450003yearzoldﬁcomplex,tnor@previouslyﬁreported from
the Pleistocene .of Barbados. |

The origin of the pelleted micrite crusts on Jamaica.is .not indicated
by Land and Goreau (1970), although isotopic data confirms: that the .cement
is precipitated from sea water. In the water~filled .cavities of the
Jamaican reefs studied to date, .the lithified-crusts-commonly coat the
bottoms and sides of the holes,landzaccreteiupwards.thhe crusts on
Barbados, howeve:,'have:nospreferred.orientation;xand:those associated

with Acropora palmata coat the undersides .of the .fronds.

Occurrence-of-crustsrsimilar,tOﬂthose.from:Jamaica;:in:both'Acrogora

cervicornis and -Acropora palmata zones -in -the .Pleistocene of Barbados,

illustrates that this-form,of”submarineulithificationzi31not restricted
to the A. cervicornis and lower -reef zones off ‘northern Jamaica, 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 exsolﬁtion

with no discernable void stage (Land, 1967). Consequently, when a Mg-
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calcite, submarine, lithified carbonate alters to calcite in the védése
zone, it should remain tightlyﬂcementedl tWell;cemented;wéalcite, pelsparite
crusts in thew83,000-yearnold=ree£acomplex,zoriginaliywcemented~in‘the~sub-

marine environment,. havetsiqceﬁaltered~t01calcite;iwithout appreciable

" textural bhange, thus-confirmingathisvhypothesis.

The‘Mg—Falcife nature of the crusts assures that the fine tgxtﬁres
of the rock, -like the fine textures of .many Mg-calcite fossils, will be
preserved upon inversion to calcite. The major textural ' change occurring
during equilibration is -the .increase .in.crystal size of the- calcite within
the_micrite pellets,»often-rendering discrimination'between pellet and

cement difficult.

INTERTIDAL AND SUPRATIDAL CARBONATE PRECIPITATION

Introduetion

Diagenesis of Barbados Pleistoceﬁe calcarenites, now in fhe vadose
Zone, has been the suhject of several investigations'(Matthews,-1967,
1968, 1969; Harris and Matthews, 1968; Windland; 1969):.- Most:studies have,
to date, centred .on material collectedafromfroadfcuts;“quarries, and
occasionally drill holes, in areas flushed .only by fresh water. These
sediﬁents are cemented exclusively by calcite. There has been little
detailed examination of rocks lying .in £he"vadose-zone5,and yet bathed.
in sea water instead of fresh -water. On northern-Barbados, most of the
Pleistocene .outcrop that faces:the.openusea:isneither'sprayed or washed
with salt water almost .continuously. .

Pleistocene limestones, now-in-the:intertidal:and:lower, supratidal
éones along‘the»northwest‘coast,.are.partially-cemented‘by Mg—calcite.
The surface of Pleistocene limestones,along.the.top’of:the cliffs on the

northeast coast is occasionally coated with a thin -crust of aragonite



&

76
cement. Both of these cements appear to .be precipitating from sea

water, either splashed or sprayed onto the rock.

Northwest coast
The narrow, 60,000 year old, fringing-reef terrace, 0.£6 %5 -meters
above sea level, along the northwest coast, lies on a bench eroded into
older Pleistocene limestones (see Chapter 2). Along most of tﬁe terrace,.
the reef facies has been eroded so that the present, seaward edge is a
60,000 year old caktcarenite with .scattered coral heads, 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. I&). Along most of its 1ength, 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 determine the spatial arrangement of these minerals.
Sections were stained with Clayton yelloW:(specific.for'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 yvear old reef terrace .is relatively well-lithifed, .
very fine to-medium.grained'calcarenite;-infmhich"AzicerviCOrnis sticks

have been dissolved and the holes often filled with- younger geopetal sedi-

IR T



Vope ¥

sy e

e e e e e S S UG e e e s e e e

77

BARBADOS
NORTHWEST COAST

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.

S |
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ment. All the allochems (mainly .crustose and -articulated red algae,

Homotrema, miliolid foraminifera, andwminor-echinoidtfragments)'have altered .

to calcite. There are accessory voids that resemble coral and mollusec
fragments.
These grains are cemented by .a thin rind of calcite cement which

varies in thickness from 15 to .60 micra, butuaverages.30-micra-(Plate

20C). The cement .is relativelynisopachoﬁs,.but-inrsome~case5“fills entire

voids. The larger voids are filled with fine sediment which postdates

the calcite .cement (Plate 20B). . As this fine .sediment stains pink, much of .

it‘may be Mg-calcite. Succeeding the rind of calcite cement is a brown,
fine, crystalline cement, averaging 50 micra thick (Plate 20D), which
étains bright red, indicating Mg-calcite (Fig. 19). oOften 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, The sand .is .
mostly (15 to 30 per cent -each) articulate red-algae (Amphiroa) penero-
polid foraminifera, coral, molluscs,,and.intraclasts<with accessory (5
to 30 per cent) .Homotrema. Crustbse~red-algae,:echinoids;:AmRhistegina
foraminifera, detrital quartz, and reworked -calcareous crusts are -found
in minor amounts. The grains are of.varied-mineralogy, 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 ga
complex series of diagenetic fabrics. . Although grains just below the
calcareous crusts are often calcite,<c§atedawithiavrim of ‘calcite cement
up to 100 micra thick, most of .the .grains retain.their originail 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 Cluff's Bay, Barbados. See Figures 10 and 18 for localities. )
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6f the unit coats Mg-calcite;grains;:however,;the.final.cement.stage
throughout most of the deposit is Mg-calcite, precipitated either as
fine, crystalline .cement following caleite, or directly upon Mg-calcite
and aragonite grains, or as epitaxial continuations of pre-existing
calcite scalenohedra (Plate 20E, 20F; Fig. I9). At the base of the
deposit, Mg-calcite mud is present between grains, .and mud .and grains
are subsequently Cémented by a thin, Mg-calcite, .cement rind.

The sequence of cements in this unit .is .often complex. Some coral.
fragments, for~examp1e,‘areAdiscernableuonly]by.their'external shépé.n'These'
goral grains -have their original pores filled with calcite, and solution .
of the skeleton was followed by Mg-calcite precipitation in the resultant’
void. The resulting.texture‘is a Mg-calcite, coral fragment su:rounded
by calecite cement. o

In the subaerial crusts zone above, voids are often lined with a
late stage, Mg-calcite .cement.

Discussion.=-The 1ést'stage of cementation, Mg-calcite, occurs
throughout those lithologies directly exposed . to sea water, including
subaerial caliche crusts. ‘As. these .porous rocks .are today in continual
contact with .sea water,nit.isplikely.thatathis.cement;‘like.submarine,.
Mg—calcite cement, .is precipitated.from ;;a-water. Tﬁe.position of these
rocks; in the.intertidal .and supratidal .zone, ‘i3 .analagous to the location .
of many beachrock occurrences -throughout ‘the ‘world : (Stoddart .and Cann,.
1965). In beachrock, grains are.often cemented :.together by 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 the .most .part Recent or 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 correlated with the knowﬁ-geological-history of this area since
the Sangamon, .these textures reflect .Pleistocene-.sea .level variations .(see.

Chapter 2). The basal, Acropora cervicornis-rich .calcarenites were

deposited when ‘sea ‘level stood 'relatively high, sometime during the

Sangamon interglacial, possibly-as.much.as-125;000-yearS'ago. Subsequeﬁt'
lower sea levels, .during glacial periods .prior -to .60,000 .years .ago, .ex—
posed.these‘sediments.to.subaerial-diagenesis...Uhden:conditions-of.
fresh water .percolation, unstable sedimentary minerals equilibrated to
calcite, and -the sediments were :partially cemented with.calcite. These . .
sediments were .buried by a-thin-covervof.reef-associated'calcarenites,
deposited during a .relatively high .stand .of sea .level about 60,000 years
~ago. After.deposition, sea level dropped, and -during the following
Wisconsin glacial period, these younger sediments were exposed to sub-’
aerial diagenesis, under conditions similar .to 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 afe now being eroded and lie in the intertidal zone, where a last
stage, Mg-calcite cement is being precipitated .in .the pores.

Although this diagenetic environment appears to-be.a narrow, re-—
stricted one,.when.viewed\innthe.perspectiveaoftgeologiC"time, it may be
more important. Al;hough 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—caleite ‘may take place-
as a last stage,-vadgse,-diégenetic event before complete submersion.
Since Mg-calcite is unstable when in .contact with fluids other than sea

water, the cement will .alter when this rock .is placed in another diagenetic

environment. It may dissolve or, like Mg—calcite allochems in the vadose
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zone, quickly alter to calcite, resulting in a limestone whose upper
surface is very-.well lithified. 1In.a limestone sequence; “such beds would .
be difficult to distinguish from those lithified- in- the submarine environ-

ment.

Northeast coast .

On the surface of 12 to 25 meter high sea cliffs along .the hortheast
coast, surface outcrops and boulders are veneered with patches ofvé thin,
pearly white to grey, smooth coating  (Plate 2}3). Where boulders or out-—
crop stand above.thezgenerally flat -surface, this .coating occurs only
on the windward side of the rock; the 1eeward,-protected'side remains'
dafk brown or black. Coatings, varying in thickness from a few micra to

1.5 mm, are found on fossil coral, well-cemented limestone, and subaerigl,-b-

calcareous crusts. These coatings occur up to 0.4 kilometers (1/4 mile)

inland.

Petrography.~-In thin section, the white crusts appeﬁr as a series
of parallel laminae, averaging 0.04 mm thick (Plate 21C). Each laminae
is composed of aragonite needles growing .upward, perpendicular to tﬁe
rock surface (Plate.21D). Laminae may separate stages -of needle growth,
or be merely fine inclusions through which needles continue to gErow.
Individual stages of aragonite crystal growth vary from 0.03 to 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 of needles grow.
Mutual interference during growth, between .all needles except those
growing normal to -the nucleating surface, ‘results-in preferential growth
upward.

Discussioﬁ.—-Large swells from:the :open ocean, breaking against

these cliffs, throw large amounts of spray into the air  (Plate 214).
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Easterly trades carry this spray across the North Point Shelf. When the
spray is blown onto.the.surface,.it.evaporates;'andAaragonite appears to
be precipitated.. . . . . -

The similarity of these' aragonite, .cement crusts.to:both beachrock
and submafine, aragonite cements.(Ginsburg and others, .1971b) is striking.
This cement,.alopg.northeastern'Barbados,;haS‘obviously been.precipitated
from evaporating.sea.water in.the.subaerial environment. .Aragonite
cementation.of"beachrock,"due.tozperiodicuwettingwof;the:rockxby.seawgtér,
followed by -drying and:evaporation, has.long.been.postulated,.but never
proven (Stoddartﬁand”Cann,"1965).uJTheustable;carbonatenphase.expectedly
precipitated.from.seawater .is.aragonite (Windland, 1969):"'Thi§“appear§.to.
be the first“recordednoccurrence.of'a?agonite, precipitated by seawater

evaporation in the subaerial  environment.

SURFICIAL CALCAREOUS CRUSTS
-Introduction

Irregular, .dark.brown .bands of dense, micritic limestone.are. found
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 burieddcomplex.-.Surféce out-
crops in the.same.area.are.often coated with.a .similar, dark brown.crust,
or series of.crusts,.while.adjacent rock .is.altered .to.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 .and Hoffmeister,
1968). Suchnsimiiarities.suggest.that these fossil.crusts;;ecord 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 limestomne. succession has
béen\exposed to.subaerialAdiagenesis.under a semi~-arid, . tropical .climate. .
Surfiéial.zones.of calcareous.accumulation .(caliche), .associated some-

how with the.soil=forming.process, .are .common in many .arid.to .semi-arid..

areas in lower .latitudes.. .Although .their field occurrence has been.described ..

in detail from numerous.areas,.along with .their chemistry.and .theories as

to their formation, .few, .if any, attempts have been made.to.document .their ..

petrographic.characteristics and, . in turn, relate these to .the.mode .of .

formation. .This.is.most.important because, .if .they are-tolbe.useduasncfiteria

for sdbaerialuéxposure"of,sedimentary.successions;in;the"fossil.record, then

their petrographic,andﬂstratigraphic,characteristicsnmustube.knoﬁn.u....
Surficial.calcareous .crusts .£rom..three .areas on northern .Barbadog=-

the central .part .of .the Noxrth Point. Shelf, the northeast coast, the north-

west coast fringing—reef“terracewvwereuexamined.in.detail,""To,ascertain,

‘that“‘théwjmicroscopic.fabrics.observed;were.commonuwith: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,ﬂand-élementalncomposition.was;asceftained.semivquantitatively

by electron .microprcbe. . .Petrography was done on .thin .sections impregnated

with epoxy resin.

Description
Most 1imestone"outcrops,on.northern.Barbados,.@Bether exposed.or be-
low a thin soil .cover, .are.coated with one, .or .several, hard, .brown, .cal-
careous crusts. ..Limestone -under .these .crusts .is.altered.to.chalky.carbonate.
Together the .calcareous.crusts and 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 development. The
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areal distribution of wvarious calcareous crust profiles on northern

Barbados is illustrated. in 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
northeast coast (Plate 1D,.22A). The surface of the calcareous.crust pro-
file is a hard, .partially brecciated, .brown crust (Plate éZB)IH.Below this
éurficial crust,.numerous .other crusts, separated by chalky carbénate,~are
developed (Plate.22C)...Although roughly horizontal,. .these.secondary crusts
pinch and swell,.are.undulating.din cross—section, .and .often.merge.with one
another (Plate.ZZDi,..Crusts.at,or near .the .surface.are.relatively.hard, .
but those below‘become'more.friable;and~softer.with depth. . .Each.erust .is
relatively uniform, ranging from 0.5 to 5u0‘cm:inuthickness,.and4either'éph—
anatic’cor-- laminated”in"crossfsection.:xThennumﬁer.offcrusts,,and_the.
depth to which thliey.occur, .increases towards.the .coast.: .The:.crusts, well-
lithified cqmpared.to;thegunderlying sediment, tend .to weather iﬁ relief
(Plate 22A, 220)...

Sediment between and below these crusts is crumbly, chalky. carbonate
(Plate 23D). This .carbonate may extend- to .a depth gf.3 meters or more, and
contains several narrow, poorly developed, .brown, .calcareous bands. Corals
and large molluscs.such as Strombus. appear more resistant .to .alteration,
and often remain .unaltered, .except for brecciation, .in a .groundmass of
chalky carbonate. . Laminae of numerous small nodules .or .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 between crusts is
not crumbly, .but brecciated, .and the .cracks between .fragments .are .filled with
dark brown,.calcareous‘material:(Plate 23B). _The profile .in .these areas is

relatively thin, rarely exceeding one meter.
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SURFICIAL CALCAREOUS CRUST PROFILES

General Distribution

Thin surticial crust, profile 0.02 -05 meters thick

P
//// Several thin crusts, protile 0.1 - L.O meters thick

gggg Numerous crusts, profile 0.5-3.0 meters thick

/ —— 3 Oider
4/ —— %Pleistocene
// = £ Limestone
%/ = Terraces
—_—
7 BARBADOS

LT

NRJ 71

Figure 20. General distribution of surficial calcareous

crust
profiles on northern Barbados.
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A zone of calcareous crusts is alsd.developed”on.theusurface of the
60,000 year old.reef terrace,.0.to 4.5 meters .above sea.level, .along the
northwest coast .(Plate 22E). Here calcareous crusts .and altered limestone
occupy the upper.0.5.to.1 mefer of .the unit. Unlike .the .thick. development
along the northeast.coast,.whereuchalky carbonate .grades .downward into
unaltered calcarenite, .the .base.of .the surficial .profile .is bounded by a.
singlé, thin .crust.averaging 0.5 to 1.0 centimeter in thickness . (Plate 23C).
Calcarenites.below.this .crust.are little altered, .except.for.occasional . .
sglution, and"still_retain.their.original,.unstable.mineralogy.~ The .rest.. .
of therprofile_abovemthisubasal-crus;.is.a.series.of;calcareous"crusts.in.

a Sfown, carbonate.matrix.. While .the crusts exhibit .the.same geometry as.
those along -the.northeast coast, the carbonate matrix between crusts is
different. .Atfthenbase.of.the.profile,ﬁtﬁe matrix .consists .of.allochens,
similar to those~in.the“calcarenite below.the bottom .erust,.but each allo-
chem is coated .with .brown.carbonate. Between these .coated grains .is. a brown,
caleilutite matrix . Coated.allochems become less important .upwards, .and the
matrix between.crusts,.at;the top of the profile, is.a brown' calcilutite,
either unlithified .or .very.well .cemented.

In the‘backereef.faciesuat"Goulding(s.Green,.next-to"the-base,of the
cliff, calcareous.crusts .are .also developed throughout .the .4.5 meter thick
calcarenite,-anduallwthe-allochems,.still.Mg-calcite.and.aragonite,.are
coated with brown,uﬁicrocrystalline carbonate (Plate 28A).

In the .central.part .of .the North .Point .Shelf (Fig..22),,a_relative1y
thin profile_ofdalterationwis.developed, at .the surface-.of .the well-lithified,
older Pléistocene.carbonates.(Plate 22F). . .The .upper surface is..a.-thin, hard,
brown crust-averagingAZWto.201centimeters.thick.;.Belcw.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-.altervation-below:the surface rarely

exceeds 0.5 meters.

Other Calcareous Crust Profiles.

Surficial,.calcareous.crust profiles, similar .ta: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 called ."caliche deposits".
Aristarain (1970, p. 201) has defined. caliche deposit as

| a body resulting from the epigenetic accumulation of calcium

carbonate (calcite) in H{nconsolidated-sediments ‘under conditions

derived from soil processes in climates where moisture is de-
ficient during all seasons. ’

T T kSl s N e e T

Indurated portions of .caliche deposits are called "calcrete" (Lamplugh,
1907), while the friable.parts are referred to as "caliche" in TFexas
(Blank and T&nes, 1965) or '"chalk" (Nelson, 1959) elsewhere. A special
variety of carbonate, that forms by surface or near-surface alteration of
permeable carbonate rocks,.distinguished by a fine network.of. veins which .
sﬁrrounds unreplaced remmnants of.the original rock, is termed "Nari"
(Sanders and Friedman,.1967).

Following soil horizon terminology, -the caliche profile forms: in
the Cca horizon which, becaaée of its uniqueness, has been .designated as
the K-horizon.(Gile and.others, 1966). Although this is a useful term
for soll scientists, .in.its original.definition it .is .rather restrictive
and, therefore,.following Reeves (1970), the more general term "caliche ,
deposit", as defined above, will be used.

Reeves (1970) .considers that the.caliche deposits .of the. southwestern
U.S.A. evolve with.time.from a.simple, thin, incompetent, soil horizon to

a hard, massive limestone. "Young" caliche is generally a crumbly, white
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carbonate enclosing masses of parent material. ''Mature'" caliche consists
of an upper crust.and .accessory horizontal stringers of. carbonate, . surrounded
by a profusion.of small nodules and relatively well-cemented carbonate.
"01d" caliche.consists.of.a completely.indurated horizon. .Such.a.sequence
of "young", "mature",.and."old".caliche .can only.develop:if.the profile
remains covered -by.soil; once exposed the profile is rapidly.lithified.4

Caliche.profiles. developed.on northerﬁ Barbados' appear somewhat
similar to the "young" .to "mature' caliche stages described.above. Un-
like the profiles described by Reeves (1970), however, those on Barbados
are exposed, and.yet.are.not indurated.

Caliche-like.crusts, developed on Pleistocene limestones,.have.been
describéd 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 (Multer'and.Hoffmeister7t1968).
On the basis.of.texture.and.thickness, Multer and Hoffmeister (1968).re-
cognized three.general forms.of crusts and,.in order of decreasing
volumetric abundance,ﬁthe%e.are:A

(1) Porous laminated crust--poor, vague laminations made up

of 5 to 20 per.cent horizontal.root tubes,.organic debris,.bioclastic

and lithoclastic. fragments. This appears .to have formed under a thick,

aggrading forest cover with the porous nature .due to solution of or-
ganic debris and oolitic rock upon which it .is developed.

(2) Dense laminated crust—-good, sharp laminae, made up of O to
5 per cent organic debris, bicclastic .and lithoclastic fragments with
rare solution holes. This crust seems to have formed under a.thin soil
or on exposed bedrock receiving periodic drainage from adjacent soil
patches and its denser nature is the reflection of more 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 with .the bedrock
and fills deep cracks and coral calices. This crust develops independently
of soil and diurnal variations in pH; microbal activity 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

)

Florida "dense.laminated.crust' is similar to crusts developed on older, well
lithified, Pleistocene.limestones in the centre of the North Point Shelf.

The Florida "laminated.microcrystalline .rind" at.the base of many. crusts.is
identical to..the.thin.crust.found.at the-base of profiles  along the north-

west coast of Barbados.

Formation
The ideal.enviromment for caliche formation in general is neither too
arid nor too humid..,Tod little moisture allows only surficial accumulation

of carbonate, .while.too.much water and relief causes regional leaching of
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soil solubles"(Reeﬁes,i1970;;Krumbein,ﬂ1968).ﬂ.Th3'rate“andfdegreeuof pro-. .
file development.depend.mainly.upon —-(1) the rate and:amount-of ;infiltrating. .
water (Reeves,.1970), and (2) the amount of CaCO3 in, or being added to, .the
soil. As the local relationship between precipitation, temperature, runoff,
and relief is critical, caliche does not characterize any -particular climatic
zone, provided.there.are alternating, .short.periods-.of rainfall and intense
eﬁaporation. -Conditions .on .northern Barbados appear-to be well suited for
caliche development. .

Meteorology—-0On . the .eastern.fringe of the Antilles .arc, weather is
dominated by easterly.trades which blow the year round. . Although the
temperature is relatively .constant on Barbados (8T = 3.9 degrees Fahrenheit),
precipitation is not. Duringuthe wet season, .July to December, over 75 per
cent of the .total.precipitation falls. Superimposed .upon .this moisture
variation is the.precipitation‘imbalanceudue.toutheutopographyuof the .island .
itself. The high.(dp to 340 meters) central axis of the island, oriented
north-south normal to the trades, forces surface air upward as it passes

over the island, causing most of the moisture to fall on the highlands them-—

selves, or along the west coast "(Rous&; .1962)." rrrra. = =53
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MEAN ANNUAL MOISTURE
DEFIENCY
(cm.)

A 40-50
£ 30-40
C 20-30
D 0-20
£ o-10

( offer Rouse, 1962)

Figure 21. Map of mean annual moisture deficiency (in centimeters)
for northern Barbados (after Rouse, 1962).

'SOIL TYPES

K KANDOID

K-S MIXED KANDOID - SMECTOID
S; SMECTOID

S2 SMECTOID - IMMATURE

Sz SMECTOID - VERY THIN

R RED SAND IMMATURE

SC SCOTLAND DISTRICT
(arter Vernon and Carroll, 1965)

Figure 22, Areal distribution of soils on northern Barbados.
Kandoid, a latosol of kaolin and metahalloysite clays; Smectoid, a
grumusol of montmorillineid clays (after Vernon and Carroll, 1966).
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Mean annual rainfall. figures are misleading as deviations of up to
70 per cent from.mean.values, . especially in.low rainfall areas, have
occurred in .the.present.century (Rouse, 1962). Rainfall on the northern.
plain varies .from.110.to.145. centimeters .per :year. . In .this area, most of
the rain falls.as .-heavy .showers, .lasting for less than 1/2 hour; but these
showers may .yield.up .to .1.2.centimeters of rain. These downpours are
followed by long.periods of .intense .evaporation (Randall, 1968).

The mean annual moisture deficiency (evapotramspiration-precipitation)

e et et e e st e 8 e S e T

in the area varies .from .40.6.centimeters to 58.5 centimeters (Fig. 2T, after
Rouse, 1962).;-Randall.(1968),.however, considers that this is an under-
estimation,-as.thevcontinudus.winds,.which.vary’from 13.5 to 7.8 ﬁiles per .
hour; are stropgest»inuthe-driest-months, and cause .greater evaporation.

In any case, . the.dry,:semi-arid.nature of .the area is reflected in the
relatively poor .crops.and.abundant prickly-pear cactus near the sea cliffs.
Daily soil temperatures .(Rouse, 1962) vary from 62 degrees to 89 degrees

Fahrenheit, and .can .remain as high as 86 degrees as deep as .20 centimeters

(8 inches) in the.soil. .

Source of calcium carbonate~~In most areas of extensive caliche-

crust formatiomn, there is an exte¥nal source of CaCOS., Desert loess is an
important (and probably dominant) source of carbonate, with .amounts of up

to 3,000 tons/acre having fallen in certain areas .(Ruhe, .1967). This, how-
ever, does not apply on Barbados. Although fallout of .windblown dust from
Africa has been recorded (Prospero, 1968), its effect is difficult to evaluate.
This fallout may.add.considerable material to the soil as suggested from

the soils of Bermuda :(Bricker and Mackenzie, 1970).

The soils themselves, regardless of origin, are a source .of CaCO3; The

distribution of soill types is illustrated in Fig. 227 (after Vernon and

Carroll, 1965). The black soil on the North Point Shelf .is relatively thin
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and dominated by montmorillonite-type, clay minerals. Towards the north-

east coast, as.organic .content .of the soil decreases, .the soil becomes .
grey-brown in colour and.fringing the.coast is only .a .thin, immature
veneer over -the .limestone, .typical of sterile soils .exposed to .strong

winds and salt spray. ..The exchange .capacity.for.cations, .especially Ca

and Mg in these:soils,.is.high,.and.catbonateuaverages:lSnper;cent.throughout;.

Another,land.perhaps.dominant, source .of Cacog.isxwind—blown,“salt

spray. A wind,;freshly.entering.the.northéast.coast,.contains as much as

200 mg NaCl/square foot, while air blowing off the island, .on .the wesf coast, .
contains only 10 mg NaCl/square foot, in&icating that a substantial portion
has been dropped on.the .North .Point Shelf. .The effect .of this salt spray
near the coast .is..twofold=-(1) ‘high salinity .in .the .area 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 .aided this process); (2) spray adds CaCO, .to the

3
surface, thereby 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 CaCO3 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 .to .contain only calcite.

To détermineﬁtheAelemental.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,.ana.does-not<vary.from.samp1e.to sample. .An average of 200 ppm

iron is found in the caliche. This is equal to, or less than, .the iron con-
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N4G from sediment between crusts along northwest coast (see Figure
18), RBCL and WB5K1l from crusts and sediment along northeast coast.
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tent of surrounding-Pleistocene -limestone allochems and calcite spar,
indicating that .the .brown, carbonate colour 1s not due to .iron. Strontium
distribution is. related.to .the .original sedimentary mineralogy, and is
only high in ghose aligphems»that have not yet equilibrated to calcite.
In most samples, MgCO3ncontent.ranges from 0.5 to 2.0 mole per cent,
slightly less .than.adjacent, .Pleistocene, .limestone allochems and spar.
cement. Along.the northeast .coast, however, the samplé of caliche bathed

in salt spray contains between 3.5 and 4.5 mole per. cent MgCO3 (Fig. 23).

Petrography

Calcareous .crust .profiles are .formed in the uppermost part of the..
vadose, diagenetic.environment, .at .or .near .the air-rock interface. The
interstitial .fluids .in this .zone .are subject to rapid fluctuations in
composition, movement, .and .temperature. ‘Superimposed .upon these fluctuations
are .the physical and biological effects .of soil formation;'uField examin-
ation of the profiles -indicates that -the .above. factors combine to both
alter original~limestone-and,precipitate neW'carhonate»..The.precipitated,
carbonate crystals.combine .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, creatingva.complex.set.of.overlapping-textures.,,The following
textures are not unique .to .the .calcareous crust profiles on northern
Barbados, but also.occur.in.thiz.sections.of either Florida crusts or

Middle East 1imecrus;s, or both (Table 3).

Alteration Fabrics

Solution and brecciation--(Plate 24A, 24B) The soft, chalky sediment
under and between the crusts .is .a highly fractured, original, carbonate

sediment. Cracking takes place either as—(1). fracturing .of micrite or calci-
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TABLE 3 - MICROSCOPIC TEXTURES OBSERVED IN- HOLOCENE.AND. PLEISTOCENE
CALCAREOUS CRUST PROFILES FROM BARBADOS AND OTHER AREAS

o
o
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. ) U 3 Q
By 88 2438 ° £
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£E 2% BEE & g @u
ALTERATION 24 A8 A2 H & &8
Micritization . x % x
Solution x X X b4 x
Brecciation x x X X x
Neomorphism x b4 x x
Boring . x x % x
PRECIPITATION
Small tubules x x x X
Root? tubes x . x x
Cement
random needle fibres x % x x x
flower spar x x x x x
clear spar x x « x
Tangential needles x x x X x
Coatings
fractures x x x b4 x
pelletoids x x x x x
a2llochems x x x b4
fragmented limestone x x
Crusts
laminated micrite and needles x x x X x x
merged pelletoids x x x X b4
laminae of calcite spar x x x X
Micrite
micrite x X x x x X
pelletoids - x x x



R P O

97
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 .doing .so,.is .also a local source of CaCO3.

Recrystallization-—-In crust .profiles, the most.common form of re-

crystéllization.is‘the.change.qf.l.s to 3 micra micrite to 6 to 10 micra
microspar (Plate 24C). . Folk (1965) noted that .this .change is most.common
when limestones are.subiected .to .fresh water, especially when in contact.
with organilc.material.. .The .fresh water, organic-rich conditions near the .
ground surface .on northern Barbados create an ideal enviromment for this
change.

Micritization--~Particles and .allochems .in calcareous crusts are

often coated with microlaminae .of 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, with points towards.
the coating, suggesting.the.original.grain.ié being altered to micrite. In..
some allochems, .small .parts .of .the original .allochem can be observed in the
coating. This is .particularly noticeable at.the .contact between coating .
and nucleus in coated microspar .fragments. At the contact, microsparr

crystals float in.a micrite matrix (Plate 24D). . .In coated, Amphistegina

grains, crystals .of .the .separated .test fragments in the coatings can be
easily identified, because.they .are in .optical continuity with the remaining
part of the test .(Plate .25A, .25B).

Although micritization is a relatively common diagenetic process
in the marine environment (Kendall and Skipwith, 1967; Windland, 1969),
the persistiﬁt 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 coafed, micrite pelletoid. Such pelletoids may represent
completely degraded .(micritized)., skeletal particles. . The upper parts of
many crusts are .composed almost .exclusively of- pelletoids that become less
common as the crust‘grades,dowﬁwards.into original calcarenite. The
pelleted micrite may .represent not 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‘;rust_
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 common on the.periphery of grains, but, in places,
entire gréins.are.almost‘completely.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, theée
holes extend .into .the .crust itself, indicating destruction of the crust
after formation. . Holes are identical .in .diameter to the calcareous tubules
described below, .and.occasionally are .continuous .with .them.

Root tubes.--Brown, circular, root tubes, generally 1 to 3 mm in
diameter, occur in many crusts and associated features (Plate 25E, 25F).

In some areas, .these .tubes penetrate the soft, chalky carbonate in great

profusion.
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Calcite Cement Textures

In all of the crusts examined, the mineralogy of newly precipitated
carbonate was calcite.. This calcite occurs in a variety 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 pa:ticles and crusts,
which typify caliche.profiles. .

Micrite.—-The .bulk .of most deposits is made up 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 0.1 mm.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 .larger .than 0.5 mm are coated with a rind of
tangential needles.

Random needle fibres.--(Fig. 2€; Plate 26D, 26E, 26F) A common form

- of CaCO3 precipitated into void spaces is.a .mesh of .acicular, randomly

oriented, calcite laths. These needles .are from 30 to 125 micra 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 partially stained in
some samples,. and not.stained .at .all in others. As this stain is based
on the relative reactivity between .aragonite .and calcite, it is not
definitive in the case .of .fine crystals (Purdy, 1968). X-ray diffraction
of several whole rock samples, where all other components are calcite,
yielded no trace of aragonite. .Electron microprobe analysis yielded

very low strontium .content, .and .magnesium content too high for aragonite.

&
It is concluded, therefore, that these aficular crystals are .calcite.

e |
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The number of these .crystals in a void varies from a few scattered
needles, to a tight mesh of numerous crystals, where the void space between
crystals has almost .disappeared. 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 needlesvéreatesua tightly cemented rock.

Supko (1971) has described .similar .fabries from Bahamian'calcareﬁites..
Occurrence of these.cements-indthe“subsurface,.along with their aragonite.
mineralogy, suggests .that .they.formed .in .the phreatic zone. He suggested
the name "whiskerqéfystalsq-for.this cement. Ward (1970) observed similar
cements, near present and. ancient weathering .surfaces and éoil zones de-
veloped in and .upon .Holocene .and Pleistocene Yucatan aeolianites. . These
cements, in contrast, .are’.calcite and he has, following cement terminology .
of Folk (1965, p. .25), .called .them "needle .fibres". As the fabrics of
Barbados most .resemble, .texturally, mineralogically, and environmentally, . .
those described by Ward (personal communication), his terminoclogy 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 t6 5 micra thick, are
commonly found between pebbles in surficial 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, mainly around .the .lower parts .
of pebbles, and may cement sand grains and pebbles together. Analagous
needles have been described .from Hungary.(Kirvan, 1958). . Interestingly,
Cailleux (1965) noted the .apparent .lack .of needle crystals in warm climates,
and feels they may .be .characteristic .of .cold cliﬁates.

Tangential needle .fibres.--Particles and walls of microfractures are

plastered with ascicular needles of calcite, 9 to 30 micra long, and 1 to

[,

i
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2 micra tﬁick,voriented.tangential»to.the coated surface (Plate 27C)...
Stacked laths.maymform"cement~crusts.up~to 50 micra thick. These needles.
also form a ramifying texture in the voids, and create a self-supporting
structure (Plate .27A, .27B). ‘The .crystals are calcite, with the C-axis also

aligned parallel .to..the .long axis .of .the crystal.

Flower calcite.--(Plate 27D, 27E, 27F) 1In these crusts, drusy calcite.. .

assumes a habit .different .from that .in .the major part of the vadose zone
below. This .cement isuin,the.form,of.brown,~relatively:elongate, single
crystals of .calcite. . .These crystals.occurlin bunches at regularly wide-
spaced intervals:on.the"grain.boundary.and, from. each .of these .points, three
to four crystals .grow.outwards .in.a.fan. . .Flower .calcite forms on grain -
boundaries,-previously~preeipitatea;-clear,ucalcite.spar, or on fine,

heterogeneous particles .in .the volds. .Continued precipitation results in

a void, filled,withda.tight,.interlocking mesh .of .relatively random, elongate .

crystals, and readily.distinguishable.fromuthe;clear,wcalcite mosaic.

In cracks;-these-bladed-crystalsngrOW-close‘together;tand result in
a row of single, .brown, .calcite crystals .that either.meets.a similar set
from the other side, .or .extends .across .the void.

Coated-particles.——Particles.inAthe profile are often coated with

calcite in the form of light and .dark brown rings, similar to marine ocolites.

The nucleus.can,beee(l).original.skeletal grains (Plate 28B), (2) micrite

pelletoids (Plate-ZSC,-23D),-(3)~fractured.microspar (Plate 28E), (4) fractured .

grains and micritev-~Thevdark5and-light laminae have a different fabric.
The thinner,Adark.lfminae.contain.many‘needles-(identical:té 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 rim of tangential needles, but on larger coated grains

up to 7 dark laminae have been observed. The size of these coated grains
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depends upon the size.of the .nucleus, .and so these vary between 0.04 and
4.0 mm, which ranges.from.the .defined .s1ze of ocolites to pisolites. 1In.

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 mollusc. fragments, . .

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

well as accretionary. .

Crusts.~-Crusts, .although .exhibiting a similar external expression. .

e bl gt At

of a brown, irregular, dense calcite, vary in.internal composition. The

most common crust is made up of numerous, ‘alternating,. light and dark
laminae. In many .crusts, .these light and dark .laminae afe altefnating
bands of brown, .microcrystalline calcite (0.1 to 0.15 mm -thick). and thinner,
- calcite laminae.(0.06 .mm) .of .small .needle fibres oriented parallel to
the laminae. . Although -this .is the principal fabric:of most crusts, .
bands of bladed .calcite .spar.(similar to flower. -calcite), closely packed
pelletoiee (occasionally .cemented by clear -drusy calcite), closely packed,
well-cemented, coated .particles, and clear calcite spar are common
accessory fabries. . These .latter, .accessory textures .form thin crusts,
identical to the."microcrystalline.rind“tof;Multer:andtHoffmeister (1968).
Intimate association .of crusts and coated particles-is-illustrated,

as thinner crusts .and .rinds .often .merge with particle .coatings (Plate .28F).

Coatings along .fractures, running normal to bedding, .also merge with
particle coatings. -

Iubules.--In the upper .parts .of the .alteration.zone, usually just

below the hard, .calcareous .crust, .there .are often observed :numerous ramifying

tubes, coated with .fine calcite (Plate 29).. These tubes have an internal

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 and .branched, occur between original allochems, 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 calcified
reriphery of each.tube. ‘

Ward (1970).has.describedbsimilar tubules as an interlocking network,

enveloping grains.and partly filling interparticulate areas, and associated .

with fossil, weathered.surfaces in Pleistocene calcarenites from Quintana
Roo,‘México. These tubules are slightly smaller, 5 to 15 micra in diame?er,
with a wall thickness of 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 torpenetrate grains,
as do the tubules observed on Barbados (see Plate 25C). The tubules from
calecareous crust profiles on Barbados strongly resemble the slightly
smaller (9 to 12 micra diameter) tubes of blue-green algae (especially
Schizothrix), which .not only have calcified sheaths, but also e¢reate a
ramifying netwofk.of borings .in .limestone surfaces in intertidal areas.
Krumbein (1968) notes .that.the microflora of Israel "Nari 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 growths on.single crystal allochems. The dominance of
somewhat aberr%ht,.calcite.crystal morphologies .in crust profiles indicates
conditions of formationhwhich-differ.from 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 formétion
of the basic structures?

Irorganic 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-—
periméntal data,is.available.for.the.different calcite morphologies ex—

pected under various .physiochemical .conditions. Integration .of.those few . .
experiments .on calc;te precipitation with data available.on the precipitatién .
of crystals in. general (Buckley, 1951; Strickland—Constable, 1968) does,"
however, yield a..relatively.consistent -picture.

Variation.in .crystal habit, .due to increased velocities of specific
crystal face growth, .may.be .due to any one .of the following factors--

(1) Evaporation .versus heating--Crystals .that form by slow changes .in
temperature, .as opposed.to .slow .evaporation, tend.to have slightly different ‘l
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:other dissolved
substances (''Syncrystallization'; .Buckley, .1951).. A good:example of this ..
is aspirin, .which .grows.as .needles .in water, but as.plates in .other solutions.
Calcium carbonate, .separated .from.a bicarbonate solution in .which a minor,
but ever increasing“amount.of.SOA.is Present, undergoes a progressive
change in crystal. form. At very low concentfations, the primary rhomb is
ﬁrecipitated, but as the SO4 concentration is increased, the rhomb becomes

steeper and the crystals are elongated (Buckley, 1951).
eV
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Usdowski (1963) -has found that the Mg:Ca ratio of the solute also
affects the .crystal form of.calcite. If the Mg:Ca ratio is between 1:1
and 1:16 (salinity.of.3.6.9°/o), optically negative spherulites, with no ..
visible, radial,.fibrous .structure (S'to 10 micra diameter), are.formed, while .
if the Mg:Ca ratio.is between 1:16 and 1:64, a fine, granular precipitate, .
approximately .l-micra.in diameter (micrite), is formed. In fresh water
over the range .l:1.to 1:64, -a granular. precipitate of crystals, averaging
10 micra in size, is .precipitated. |

(3) Supersaturation--~Crystals .grow .normally at low supersaturationms,.
but if precipitated.fromuhighly.supersaturated.solutiéns;.they.exhibit.
abnormal growth. forms,.such.as .needles, tdbes,.dendrites,:ecc...Ice.érows
in its normal .form.as.plates.at low:supersaturations, while at.high;supérs..
saturations .it grows as.needles, -hollow:.prisms, -dendrites .or prismatic
columns. These_-different forms are:produced over strictly delinéafed
temperature ranges. (the supersaturation being .varied .independently of the . .
temperature( (Stfickland-Constable, 1968). 1In.alum, the complexity of
the crystals -“decreases with increasing .saturation, so that certain faces ..
(100 and 110) have a better opportunity to appear at higher degrees of
supersaturation .(Buckley, 1951).

Fluids at or near. the .air-rock .interface may be expected to display
rapid and extreme .variations .in .supersaturation. These may be brought
on by rapid.temperature“flugtuations‘and.periodszbf'rain.alternating with
intense evaporation. ..The addition .cf seawater .solubles .in the form of
salt spray, as on.northern Barbados, will also .affect .the composition of
the solute.

Among the .different .abnormal .cxystals, 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 bfanching.is.probably due to the successive ..
depletion in .the neighbourhood .of .each. freshly .grown branch. ' Dendrites are
usually regularly branched, but .many workers include .crystal .needles .in
this category .as .they .are .initial .forms .of dendrites. Flower.éalcite.
from Barbados is.very.similar.in:.form.to .many .dendritic .crystals.

Concentric.spherulites;arepformedubyqsuccessive.shgllsnof.crystals,
laid down at.more .or .less. regular .intervals, .from the central core. .. Re~ .
glions of densexcrystals.aie"separated by . areas .of .loosely packed.crystals.
Buckley (1951)wconsidered”that the .rings of densély:packed crystals are the. . ..
result of crystallization .under labile .conditions (very highnsupersaturation),:

while loosely packed.crystals form during times of metastableqCIOﬁ.superei.'

~saturation) .conditions. The concentric iaminae, coating particles with .

brown calcite.on .Barbados, displéy similar crystal shells that,ﬁay well

have formed by this.mechanism. ..

The random.needle.fibres,. from.calcareous .crusts on Barbados,
appear very .similar. 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 .cxrystal formation is far from
being understood. (Strickland-~Constable, .1968). .Whisker crystals most

commonly form.on.metals. ..When.other compoundsusuch:aS'K015.CaSOa.ZH 0, .

2
and NaCl'areusaturated‘at;highutemperatureé«and.allowedwto.cool, they . .

also form whisker .crystals .and.needles. . After formation; whisker crystals .
often thicken, usually .by spreading uniform layers from.one end. In

summary, 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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crusts, and precipitated in .the surrounding limestone, might be explained.
in the light of .physiochemically :controlled. precipitation. However, as.
these crusts-areainﬁimatelyﬂinvolved.withtsoil formation, and much of the
carbonatg precipitation..takes.place within .the .rhizosphere (Burgess and..
Raw, 1967, p;J53),»the»role.of organisms must.also be considered. ‘Unf.
fortunately, .even less.is known of the precipitation:of CaGO3 by micro-~
fauna and flora.

Chemical decalcification.of .the brown .carbonate in the crusts .and
coated particles reveals.large amounts of .residual organic'materiél be;»
tween the crystals.“.Conversely,.b1eaching.a1tered the colour of the
cruéts to gféy,,indicatingAthat.the.brown.colour is.organic, similar to
the findings of Multer. and Hoffmeister (1968) on the Florida crusts.

Initial investigations of .the "Nari limecrust' (Israel) by Krumbein
(1968) indicated.that. the .crust.contained .a'.well—-developed microflora,
consisting of. autotrophic and ‘heterotrophic bacteria, fungi, and actino-.
myceta, but .is.dominated by green and blue-green algae. As culture ex-~
periments on .the.flora. indicated .that .they could produce large amounts of

calcite, it .is possible.that.such .a.flora may .produce, .or.be involved in

- the production of,.caliche carbonate. .

Ward (1970), on .the.basis .of similarity in size and arrangement of
the needle fibres.-to.fungal hyphae, suggests .that the calcite crystal
precipitation is in.some way associated.with .fungae. . The . larger .tubules.
as well, whatever .their origin, are also.related“tO'organiczprocesseé of

some kind.
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.Buried. Fossil .Caliche Profiles

Buried crusts.are visible.at several localities, .and in all cases
underlie the 104,000 .year .old .reef complex.:. The same:fabries occur in
fossil buried and;Holocene,.Surficialncrusts.

In the .field, .the.buried.crusts.consist .of:a-band; or series of.
bands, of hard,kextremelf.dense.limestone ﬁt-theuboundary between two
facies (?iate.30A.to.30D).a.Wiﬁhin‘the.well-lithified;limestone are-a
series of brown, highlyuirrégular laminae, .separating buff to.éream,
dense limestone,.which:.grades.downward .into recognizable: marine  lithologies..
At one locality,.the .lithology underlying the .crust is still relatively ..
crumbly, altered,.chalky material and weathers recessively  (Plate 30A),
in a similar fashion.to.carbonate below,modérn crusts.

Exposure of.these;crustsaisunot.gobdaenoughutowascertain their
lateral extent. .As.they.are not .present at all . contacts.they may have
developed only locally and/or have been partially.eroded:by the trans—

gressing sea.

At one locality (US-1), the crust zone .also .contains .irregular cavities

up to 30 centimeters.in diameter. . These .cavities.are flat-floored and.coated.rl

‘with a brown crust.(Plate 30E, 30F), similar to .the more common, horizontal

crusts.

Cores in the Pleistocene succession on the Florida Keys reveal fossil
l#miﬁated crusts within the marine, .Key .Largo limestone. . These crusts lie.
below the dated (95,000.years B.P.) portion of .the Key Largo limestone.

In thin section,.the..dense, brown .crusts .from .Barbados consist of— .
(1) interlaminated, .brown micrite .and .tangential needles  (Plate 31F),

(2) irregular root .tubules .surrounded by .tangential .needles-and filled.with .
ciear, spar .mosaic, . (3)..thin bands .of .clear .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 andmallochems_coated'with.layers.of'tangential needles:and
brown micrite (Blﬁten3lAmto 31¢). ‘

| Once buried by.younger, reefal limestones, these crusts-passwinto.the
main bodyvof“the.vadosé,ddiagenetic.envifonment¢.aBecause;ofithei#.calcite-
mineralogy,ncrustaassociated;fabrics.are:stable:in-the.presencevéf.vadose.
fluids, in contrastuto-the-ofiginalgusedimentaryimineralogy.ofmthe particles ..
they often enclose,..and.so .should be .wall .preserved. - This is well illustrated .
in the diagenesis .of .coated,..aragonite .allochems. . Now:in the‘vadoselzone,_
the aragonite allochemddissolveSuaﬁdnsdbSequent.precipitation,ofvvoid—f%lling."-
calcite takes._place, .while.the stable\calcitencoating remaiﬁs,.uhalteréa.
(Plate 31D). .These.surficial;calcareouswcruStézwillg then; remain in the..
geologic record,.as .criteria .of sdbaerialvexposurezunder:seﬁiearid conditions,

unless the whole rock is crystallized gnd al; fabrics lost.

- Summary and Discussion
1. Surficiél,,calcareous.crust<profiles‘develdped-on the Pleistocene lime-
stones of norther;ﬂBarbados.are.similar.to."caliche"-deposits. The . extent. ..
of profile development .is.a.function.of age .and .induration .of the host. .
3'.
available. .All .crusts.are.calcite, but .they .contain a .wide range of
crystal morphologies. ..Calcites .in areas bathed .in salt .spray contain .up

to 4 mole per cent MgCO3.

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.solﬁtions

that contain iarge.amounts df-other—ioné; such .as .C1™ .and SOaT. Rapid

fluctuations in .temperature, .rainfall, and evaporation may result in

supersaturation of near-surface fluids. . Material .may also be added to
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these solutions .by.rainfall and salt spray. The presence of organic

material, in.bothgfossiluand-Recent-cfusts,-also-Suggests that organisms

such as algae, fungi, and bacteria may aid in‘inducing'cérbonate‘precipitation.v

3. In the upper part .of. the vadose zone, the host . limestone is--

(a) Brecciated,.both.on.aimacroscale,icreatingiactualnbreccias, ;
and on a microscale, .creating .chalky, .crumbly. carbonate.

(b) Recrystallized,.with.aggrading.crystallization:of.micrite.tb.._
6 to 10 micron. microspar, which is .characteristic of crust .profiles..
(e) Micritized,mwiﬁhudegradingucrystallization of .original limestone
to micrite, .especially in .the form.of pelletoids.

(d) Bored,.which.in.some_cases.coﬁpletely'destroys.original.allo-.
chems .and leaves.only .a series of ramifying tubes. This boring is ..
accomplished.by.the same plant .or .animal .respomnsible  for the -pro-

duction qf fine tqbules.

4. The zone of.calcareous.crust accumulation possesses a unique set of .

cement fabrics.and .textures, -identical. to -those :in- caliche profiles from..

other areas, but.completely .different from those.in- the .underlying, vadose

zone. The crystals .of..the crusts and .assoclated .features:are .in the form. ..

of--(a) flower. spar,. (b) .needles, both as large (up to 160 micra) random

needles and .small .(up-to.30.micra) .tangential needles, and (c) micrite.

These basic crystals .combine to .form .a series .of textures (Fig. ?5)—-

{(a) Void-filling .cement, dominantly flower spar and raﬁdom needle
fibres;

(b) Coated particles,.varied nucleii enclosed in alternating
laminae of micrite and. tangential .needle fibres;

(c) Crusts, formed from the same basic .arrangement of needles
and micrite, butfaugmentedhby.addition;oftcoated particles,

cement, and pelletoidss
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‘Figure 25. Summary diagram of calcareous crust fabries and textures.
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(d) Pelletoids, of both precipitated micrite and degraded particles,
often .coated.by.at..least one layer of .tangential needle fibres.
Finally .calcite.is.also .precipitated around :.the filaments of. a series.

of ramifying tubules which are continuous with allochem borings.

5. Since the precipitated. crystals described above are calcite, they are

likely to be preserved, along with other calcite textures, in the fossil

‘record. Textures in pre—-Pleistocene deposits resembling .the crusts and

coated grains, have generally been ascribed to marine sedimentation. With

increased realization.of the importance of subaerial diagenesis in altering .

and 1ithifying.1imestones,.enigmatic, fossil textures are undergoing re—examin—.ﬁ

ation, and'many can be directly related to near~surface, diagenetic phencmena .

-

(Swineford and others, 1958; Shinn, 1968b; Thomas, 1968; Dunham, 1969;

Kendall, 1969).. Documentation of these calcareous crust fabrics and textures

" on northern Barbados.should .aid .in..the .recognition .of .fossil, calcareous.

. cerust profiles, .which..are diagnostic of the subaerial, vadose, diagengtic.

environment.

CORAL DIAGENESIS
Introduction

Corals, the frame-builders.of.Recent,.Pleistocene,.and many older

‘reefs, are also.the.largest.blocks of monomineralic material .in these reef

complexes. In situ skeletons .of coral, along with .sediment derived from
them, make up in many cases over 80 per cent of the bulk .of .the reef facies.
It is well known .that aragonite skeletons change.to.calcite.iﬁ-the subaerial,
diagenetic environment, and .that many .of .the .original coral textures are re-.
tained in the new .calcite. forms. The actual.prbcess-of transformation it-

self, however, has been little 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),Aat;the:temperétures and
pressures near .the..earth's. .surface. . .The-transition. froman:orthorhombic
to hexagonal .structure.appears .to .take -place as--(1) dissolution—repre—
cipitation, a process. in which .the .aragonite .dissolves, a void is pro-.

duced into which.subsequent precipitation qf-calcite takes place, and most .

original texturesuare"destroyed,.or (2) inversion, theoretically a process

by which skeletal aragonite.spontaneously .altexs to .calcite without pro-
duction of a. discernable -void.space, .is .not- rigorously isochemical, and
results in preservation:.of .original texture .(Land, 1967).
Matthews.(1968)ahas.postuléted.that-the'present:mineralogy-of late
Pleistocéne,larggonite“skeletonS‘in.the.suhaerial, vadose;tdiagénetic.ene
vironment on .Barbados .reflects——(1l) thé amount .of vadose water available,
and (2) the kinetics .of water transport'through.thebsediment. The aragonite-
calcite transformation.is .retarded in areas of relatively low rainfall and

high evaporation because of little vadose water, and many 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...I1f undersaturated water enters the sedi-
ment and passes .through.rapidly, only solution of .aragonite may.occur, and
so the corals .are.dissolved. ..If,.on the .other hand, water passes 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 sufficientlynslow.invthe,vadose.zone.that‘aragonite to calcite
solution-reprecipitation .is.operating at .greater than 90 .per cent efficiency,

within a few hundred feet of the outcrop surface.
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Pingitore .(1970) ..studied .the :species Acropora palmata from Pleistocené

reefs on Barbados.and.attempted to quantify the processes -involved -in filling

primary, coralnvoidsﬂwith“carbonateicement. He concluded that, in the_marihe
environment, pofes“may be filled with.precipi;ated 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‘CaCOS,.left

over after the,coraluhasuchénged‘from.aragonite.to.calcite,'is.precipitaté&.

as caleite, void-~fill .cement.. .He .did.not .consider .the problem of alteration,

except to note how well original textures are preserved-in .the :calcite forms.

..Macroscopic Diagenetic Textures .
The most.abundant..corals .in..the.late Pleistocene:reefs:are Acropora.

palmata, Acropora.cervicornis, .and-Porites :porites. . A. palmata was selected

for detailed study because .of .its .abundance in the‘reef-facies, and because ;
this facies is well .exposed .(Plate 6). The Acroporidae:(late.Cretaceous to
ARecent) contain .over .125 .1living species represénting about .25 per cent of
living coral.species.(Vaughan-and.Wellé,.1943).A.These.are.perhaps.the most
successful family .of the .Scleractinia, due toltheir.light,.veryArapid;y
growing skeleton.and .enormous numbers of small polyps which form large
colonies (Wells,.1956).
The climate on-northern Barbados .is relatively dry .compared to other
areas of the island .(Rouse, .1962; see also discussion of .subaerial crusﬁs).
Many late Pleistocene..corals .in .this .area are.still.aragonite, while others
are in transition,.containing both .aragonite and calcite, .and .some are .com- | !
pletely changed to .calcite. ..In places .along the west coast, -between Speights-— .
town and Holetown,.and.in.some.older .Pleistocene .1limestones .on .the North

Point Shelf, the .corals have been completely dissolved.(Plate 32D, 32F).
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Figure 26. Individual branch or frond of Acropora palmata,
illustrating the location of longitudinal and cross-sections in
Figures 27 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 thiékness.
The "chalk" .can.easily be.scraped .out with .a fingernail and is readily .
discernible.from;dense,uwell-crystalline aragonite. .This "chalky" material
is‘present‘in.allncorals.undergoing alteration. In some specimens.aragonite
is absent and. the..coral.consists .of .calcite and ."chalk", while in others
no éalcite or aragonite. is.present.and the .coral is almost all "chalk".

Separate-miﬁeral“phases.are.present as two.discrete areas in the:
coral frond,.and.never asvscattéred, random domains. .The.calcite or "chalk"

is located either.in.the .centre part of the coral frond.(axial alteration).

(Pléte 32B), or.as a thick rim along .the.top of .the-.frond-(dorsal alteration).

(Fig. 27; Plate 320).‘vThis-fabric-impliesnthat:altefationzmoves outward
from the centre of the frond,:or down - from .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 caleite, over 450 fronds, from 13 separate localities .in .the 83,000 year
old and 104,000-year.oldureef.complexes,.were.investigated. The coral |
structure could only be determined when .the frond.waS‘broken.open, as most

fronds are black“andacoated.withua-thin.(l:to.2»mm).layer of fungi oxr

algae. The mineralogy -of .-every broken .frond was .recorded-(Table 105 . Appendix . .

G). Tﬁose corals.in.transition .(over 250) were studied.in .detail and the
spatial arrangement.of minerals (whether the change was from aragonite to
"chalk", "chalk" to calcite, or aragonite to "chalk" .to calclte) was
recorded, along with.the presence or absence of red algal encrustation
on the upper surface.of.the..frond.

These detailed»observations.reveal.several~regianal.trends. In the
104,000 year old.reef.complex, .the.relative number .of .calcite .corals in-

d
creases from about 30 per cent on the comparttively dry, North Point Shelf,

e
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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 calied "axial"; when the
new calcite is located along the upper portion of the frond the
mode of alteration is called “"dorsal".
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to over 70 per cent near Holetown,.a .distance of 7 kilometers to the south.
Corals in the 104,000.year.old.complex, on the whole, contain more calcite
than the younger.corals. on .the.northwest coast.

0f over 250. corals.in. transition.(excluding those recorded as all
"chalk") over~70.p¢r.cen£-exhibit-axial.alteration;..While only 16 per
cent of thoseucorals"exhibifing.axial alteration are encrusted.with red
_ algae, over.85“pér-cent.ofucorals-showingwdorsal'alte:ation are algal-
coated. In.several.algal-encrusted.examples, both .dorsal and axial
alteration are. observed, .but..dorsal .alteration .is further .advanced. .These
data suggest”that,.in“genéral,;alteration commences .in .the- axial region
of the frond,lbut;if;ancrusted.onuthe;uppertsqrface%with:redﬁaigae,ﬂalteration
begins édjaéent-ﬁontheuélgae.-nrhé‘red‘algae,‘dueuto:itsnMg—calcite mineralogy,
equilibrates more rapidly in the subaerial environment than'.aragonite, and
"during this change clearly initiates alteration of.theuadjacent; aragonite,.
coral skéleton. .Initiation of. alteration in  the centre of - the frond is
governed by some.as yat:unspecified;.internal,'skeletal control.

The widespread.”éhalky" state of the corals 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 is
not unique to.corals and .is.found in -many .pre-Recent .aragonite fossils..

Land (1967) noted.this.material .and .stressed its importance, but did not
know its origin. . Schlanger (1963), in a.study of Pleistocene corals from
the Bikini aﬁduEinewetok.boreholes,;noted-that the .boundary between original
aragonite and .replacing .calcite.closely.resembles .a .styolitic seam, and is
occupied by a thin film.of .powdery aragonite. He .concluded .that, under the
action of subaerial .solutions, the aragonite .evidently breaks down into a ..
powder, and is.then.dissolved .and .replaced by .the .more-.coarsely crystalline
calcite. The ."chalk" .phase .also .occurs .in .corals from Florida and Jamaica

Pleistocene .limestones . (personal .observation).
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Samples illustrating. this materialrin all degrees of -develcopment were
collected, and .each sample examined .-under -the binocular microscope. The
c:umbly, soft,“chalkfycarbonate.occurs first in the .centre of each small, .
structural element of .the.coral...In extremely crumbly samples, the centre
of each stfucturalAelement is. completely dissolved and only the aragonite.
adjacent ﬁo each pore remains. This chalky material never originates ad-
jacent to the pore wall...The microarchitecture of the:coral itself.
apparently possesses .structural.inequalities which make some parts of the
skeleton more susceptible to "chalkification", ;nd:hence alteration, than °

others.

.Coral Microarchitecture

Acrogorangalmataﬂ(Lamarck) is.a‘scleractinian‘coral in which small,
widely-spaced po1ypsuare connected.by‘antangle.of.comhunicating tissue
(coenosarc). . Each-individual -corallite is composed - of -three structural
elements, septa,udissepiments,.and.theca;(or;wall), and is-.joined to other
corallites by.coenosteum.(Fig. 28; Plate 324). As dissepiments in the
. Acroporidae .are .characteristically poorly developed, the main elements are.
septa, theca and.coenosteum. -

Scleractinian .corals .are .composed .of fine, individual crystals, or
"fibres", of.aragonite:(Plate 36B).. Each fibre; :in the form of a lath,.
blade, or needle, .is. from 0.5 .to 2 micra in thickness (Wise, 1969). Fibres
are combined in .compact bundles, .called.sclerodermites (Wells, 1956) (also
reférred to as spherulitic arrays, Sorauf, 1969; or fasciculi, Wise, 1969),
5 to 25 micra.in diameter. Crystallization of a sclerodermite proceeds out-
ward from a point centre .of calcification, until crystal fibres coalesce
with those ffbm.auneighbouring.centre.

Septa.-~Septa are.the first skeletal structures to appear after de-

poéition of the basal plate, and all other skeletal parts are subsequent

H
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Figure 28.

Principal morphologic units of Acropora palmata.
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" to the septa and of secondary importance. In the septa, sclerodermites

are usually stacked one.on to§<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,-élthoughvdiscontinuous,in a single
trébecula, forms. a dark, irregular line in thin section which is referred
to as-the "centre of calcification” (Plate 33A, 33B, 33C). The septum is
a pallisade of trabeculae (Fig. 29). in the Acroporidae, each septum con-
tains 6 to 8 of these trabeculaﬁ, which are relatively far épart, resulting
in a fenestrate structure with a.well—developéd dentition at the top. |
Spaces between trabecula are filled, but only partially so, leaving the
septum relatively porous {Fig.h%g). As trabecular arrangement in the
septum varies consistently from'éroup to grbup in the scleractinia, it
is the basis for classification.

Theca.~-Septa are often joined by rods or bars' 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 designed to enable direct communi-
cation between the gastrovascular cavity and. coenasarc.
Coenosteum.—-In.the.groupsnPoritidaeAénd Acroporidae; ‘the lower part
of the coenosarc.isumodified-into.a-tangle.of.minute.communicating canals
("canaliculae") with ramifying vertical and lateral connections. The
calecified material . ("coenosteum”) laid down .around this soft tissue consists
of discontinuous, vertical trabecula , united horizontally by rods in more
orAléss distinct laminae (Fig. 28).

Trabecula.-~From..the above it can be seen that the trabecula are the

most important skeletal elements in the Acroporidae, as .columns in the septa,
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as barsAinlthe.theCa,.and.as.rods.and.spines in the coenosarc. The micro-
structure of .the .scleractinian .trabecula has been studied by Wainwright |
(1963, 1964). .. Detailed .petrographic, chemical, and X-ray microradibgraéhic<

‘analysiS'(Wainwright,u1964),revealed that .each ‘trabecula is composed of

three parallel areas--~(l). the centre of calecification, (2) a brown zone, and. .

(3) the peripheral zonme (Fig. 29). The .centre of calcification and brown .
zone contain, on the average, 6 per -cent less aragonite than the peripher31 ‘
zone, suggesting submicroscopic, 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 thin section (Plate 33C). When immersed in bromo- .
form, which has a fefractive index (1.595)f’7those of aragonite (6('=1.530,.'
§=1.680, x=ﬂa6855, the dérk line does not alter optically. Hence the éub—A o
microscopic,-intercrystalline spaces are filled, perhaps with soluble, or-
ganic material.or.watet;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 imme;sed

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 ;pecimens...Xeradiographic pictures indicate this zone to
be transitional, .possessing. both the .random, .small crystals of the centre of.
calcification and the highly -oriented, aragonite needles of the peripheral
zone. The peripheral zone, which makes 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. Since~
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most changes take place.on.a microscopic scale, broken surfaces were also

examined under.theaScanning.Electron Microscope. Specimens illustrating

alteration from .aragonite.to ."chalk" .were examined :first.to discern the -

development-of-thisuphase.~ The -boundary between .this and Caiéite was -then
invéstigated,.in an -attempt to more accurately determine the nature of the
ﬁineral change. .

ghglg,—-A-series-of-broken-siabs-and accompanying thin sections from

selected Acropora.palmata.samples,.ranging in composition from.good ara-

.gonite,'t0"samples.displaying‘minor.Vchalkification",'to corals with little .

original aragonite.and.all-'chalk", were studied. Thin section examination-
confirmed that. the -alteration.of .aragonite to '"chalk'" occurs first at the

centre of each .trabecula. When ."chalkification" is extensive the original

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 observedrtoutakeuplace-ffom.ﬁﬁeipore.walls inwards.

- of particuiar“interest“are thoge.regions.of the coral adjacent to.
crustose red algae.. .The red.algae, because it was originally Mg-calcite,
has rapidly altered-to-calcite._'ln the original coral - .pores, a mosaic of
clear, calcite spar has -been precipitated. The coral skeleton, however,
is altered to "chalky' aragonite, .with the centre of each trabecula and .part
of the surrounding.aragonite .needles .removed. . No .calcite has been pre-

cipitated within.the coral.skeleton. .

In impregnated .thin section, the white, crumbly, chalky material appeérs

dark (Plate 33E), .and .similar in form.to the aragonite. . Crystal boundaries.
are .ragged, with.irreguiar, individual needles of .aragonite- (Plate 33F).
Under the ScanningwElectron-Microscope,.this.irregular:texture is clearly
visible. Aragonite -is-no-lenger -in the form of clear, vitreous, tightly

packed crystals, but rather needles are'etched, “dog—eared; :and separated
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from one another (Plate.37). .X-ray powdef.patterns of small groups of

these cryétals.cqnfirmnthat.they.are:aragonite,'with a trace of NaCl, a

common accessory.in.marine..skeletons. .
The lack .of.small .crystals .of..calcite in the ."chalky" carbonate sug-

gests that this.phase.of coral alteration is solely the result of solution.

This solution.does.not .occur in .a.random fashion, but is selective, first

dissolving the. centre of each trabecula (Plate 33D), and then creating

-a,small,ﬁelongaﬁe void.between.individual, long, parallel, aragonite needles.

(Plate 37). .This.latter .process .is analagous-to'thencommon:petrograﬁhic

technique.of.etchingithinuseqtions,athe most‘reaqfive part of .the mosaic.

being the crystal.contacts.. In . .the .coral skeleton,‘the'g-axis of aragonite -

is parallel to. the long axis of the needle. Dickson (1965, p. 491) noted

that calcite reacts considerably'féster on faces parallel tolthe anxis than
on those normal .to .it. . Fyfe and Bischoff (1965, P+ 3) record the same
phenomenon for aragonite,Ain.obSQKVing.the.relativeilacktofireactivity.of
the (001) face.inuaqueousvsolutions. Thus, the .preferential reactivity

of those crystal“faces.of.aragonife parallel to the c-axis m;y enhancé
solution between.needles... .

Calcite.——Calcite .corals -are made.ﬁb of a mosaic of relatively large .
crystals, up to.5.mm.in size. .The briginal, spherulitic texture of bundles
of aragonite needles.is preserved in ghost form, .so accurately, in many
cases, that under plane.light .the .presence of calcite :can only be discerned.
by the crystal. boundaries..(Plate .34C, 34D).. .Under crossed nicols each
calcite crystal.extinguished .on.its .own and the sweeping-extinction of the .

spherulitic .aragonite.array.has .gone, . Large.calcite crystals.do not extend

into the original.pores, but do .cut .across .delicate internal microstructures..

'Trébecular structure .itself .is of particular interest. The original,

dark line outlining the centre of calcification is no longer present, but
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is occupied, .in.most..cases,.by -a narrow .canal of clear calcite (Plate.
34D). The remainder..of. the trabecula retains the ghost texture of ara-

gonite needles. ..

© "Chalk"-calcéite.~—Those corals .that have not.entirely altered to

calcite always .reveal,..at .the .contact, .a zone, sometimes-only a few microns .
‘wide, of "chalky".aragonite,.indicating partial solution of.the original
skeleton. The.boundaryuisma.relativelfsstraightrlineuexhibiting extensions.
or protuberances“ahead»ofﬂtheumain frond. (Plate 34A, 34B). These leading, -
calcite zones ‘almost.always.occur.in the.central area :of the trabecula,

along the dark.line..(Plate .34B)...In several samples where the central..

dark line hassbeen«replaced»By;calcite,*the,structure:iS‘now a canal of

clear calcite surrounded by -aragonite-.(Plate 34F). Once established in ' ..

this central area, .alteration .widens .outward towards the:wall; always.pfo-. | '%
ceeded by a.thin. zone .of '"'chalk". This is well illustrated'in some specimens

where the trabeculaﬂisuall.calcite,‘except.forathexvgry:outer;part fringing

the pore, which is.still "chalk" and has not yet.altered to .calcite

{ Plate 34A, 38).

The boundary between. calcite and partially dissolved needles of ara-
gonite was studied on'the Scanning Electron Microscope.'. At .a magnification
of 6000x, there“is.no_discerﬂﬁble,.void stage between the.end of .an ara-
gonite needle and the calcite crystal. .The needles .abut-.directly against
the faces of .large, .calcite .crystals, .and .traces .of .the .aragonite needles

Y
can be detected in some calcite crystals.

Alteration Proéess
The alteration of aragonite is occurring on an ultramicroscopic scale
(ulﬁrascale) and somehow involves encorporation of aragonite crystals into
the calcite structure, slightly prior to, or during, the actual change.

This change may be true, spontaneous inversion (Land, .1967), but the
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predominant mode .of.alteration, observed in all samples on a macro- and
microscale, .is .one of .solution and precipitation.. From the above petro-
graphic and S.E.M...observations, an .alternative process, based- on solution-
reprecipitation .on .an .ultrascale, %s proposéd:touaccount:for the observed
microtextures. e

The initial..reaction.is.one .of .solution.at .the boundaries between ..
adjacent, aragonitedneedles,;creating.“chalky".aragonite,iwithlcalcite pfe—
cipitated 1oc;i1y“inwadjacentivoids, again .between aragonite needles;
In this way, the .aragonite needles .are .encased .in calcite,‘preserving the
microtexture. JSolution—reprecipitationtofﬂthe'1ess.reactive pafts o£ ﬁhe
aragonite, nowAsurroﬁnded.bchalcite,.continues,.and~the‘microvoidfis back-
filled with precipitated. calcite growing epitaxially on- the prerexisting-
large, calcite crystal.. In-tﬁisxway,»thezcalcite:crystals:grow-as-an entity

and the microtexture of the skeleton .is preserved.
. . [

Other. Scleractinian Corals
The process .of aragonite solution and calcite .replacement observed

in Acropora palmata also .occurs in other coral species on .northern Barbados.

Acropora cervicornis illustrates idéntical macro- and microtextures (Plate

35A, 35B, 35C). Porites porites and Montastrea annularis .(Plate .34E, 34F)

undergo the same .stages of alteration as .Acropora palmata, 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

e~ o ;
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northern Barbados, have several, widely applicable implications--(1)
Solution of aragonite.corals is controlled by skeletal microstructure;
(2) Alteration.to calcite, .like .solution, begins at the centre of each
trabecula;y (3) on a.larger scale, .solution and replacement begin at the
centre of each coral frond; .and .(4).the .calcite .texture .does not exactly .
mimic the original, .aragonite .texture and may be characteristic of coral

diagenesis in the subaerial, diagenetic' environment.

1. Solution-of.fheucoral‘skeletonuis-not,aurandom process but starts .in.
the centre of .each. trabecular .element. . This area of the skeleton, con-:
taining numerous, .small, intercrystallinenpdfes; ismslightly‘less dense
than most of.the .trabecula. . Apparently,.ﬁluids-iniiially“migrate th;ough.
the coral, via these submicroscopic pores, and enlarge .them by solution of .
the fine crystals...With:continued solution, .this céntraluaxis ig opened.to.
form a small channel, and solution of the aragonite mneedles can begin.
Aragonite needles are separated from one: another by preferential solution
along the crystal boundaries, creating the ."chalky" -aragonite so common.

in Pleistocene .corals. If 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 dissolvéd.

2. Solution .of .aragonite.will .be .accompanied byiadjacentzreprécipitation
of calcite if. the .surrounding.fluids .remain supersaturated with respect to.

calcite. The stages.of .alteration are controlled by the telative solubility

of specific areas of. the coral microstructure. As the zone of calcite pre-

cipitiation moves ‘through. the coral, it is preceeded by one of aragonite

solution. First, the fine .crystals in the central, dark line in each trabe- .

culae gre dissolved, .and:calcite is .precipitated 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.betweenucrystals,.1oca1 precipitation of. calcite in these
voids, and then .reaction. of the aragonite needles now encased in calcite,
the front moves slowly .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, microcrystalline .crystals, -and second . .the more involved .

process of changing“the.aragonite.needles, results in a unique texture.

Each trébeculae.becomes.a,canal.of clear calcite, reflecting the first stage,.

surrounded by .a relict, 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

morﬁhological, texture (Fig. 30).

3. Solution and recrystallization generally begin in the axial region of

each Acropora palmata frond. When .the upper surface of the frond is coated

with crustose red. algae, .however, .recrystallization .commences in the part
of -the corai.skeleton’immediately.adjacent.to the .red algae. The axial
portion of the coral .frond .is made .up .of long, thin .trabecula with widely
spaced, thin tabulae.. .In .contrast, the .peripheral part of tﬁe frond is
made up of thicker .trabecula, sometimes unconnected, "and accessory, random.
sclerodermites. . Since .solution .or .recrystallization starts-in the centre
of each trabecula, -the axial .region, with .many thin trabecula, may be more .
conducive to fluid migration than the periphery .of the.coral, and so may

be altered first.

4. Many corals from ancient and Pleistocene deposits .in .other areas re-
tain a dark axis .in..their .trabecula.after they have been altered to calcite.

This texture is not observed in Scleractinian corals;, now in'.the subaerial,
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Figure 30. Diagrammatic representation of recrystallization

contact, Acropora palmata.
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vadose, diagenetic environment .on northern Barbados. The reason for
this is uncertainf.and.the problem awaits further study. This texture
may, however, reflectwalteration.in.another'diagenetic!environment, suﬁh

as the subaerial, phreatic zone or deep subsurface.

.Other.Colonial Calcareous Skeletons

RugoseJcorals.mwacleréctinianvcorals first appear in' the fossil re-

cord duriﬁg thé.midwTriassid.. An .important question in the evolution of .
anthozoan coralsuis.the‘relaﬁion.of.scleractinians.to Paleozoic, rugose.
forms. Even though .rugose .and scleractinian corals have many analagous
structures,.several“arenspecific,;and.theulackvofzcoralSHin.fhe.Bermian-
and lower Triassic .does:not .allow .us.totrace the possible evolution from
one to the other-."It;is.thought.that¢rugose-coralstgecreted.a.calcite
skeleton, because..the. microstructure is. so well .preserved.

As in the scleractinia, .one .of the basic.structural .elements .in .
rugosan microarchitecture .is the .trabecula. . In many forms these are

monacanthine trabeculaf,4illustrating.the.sameg.dark,>"centre.of calcifi-

cation", and fibrous radiating .structure, .as present  in:living scleractinia..

Other forms, however,.illustrate.a holocanthine trabecula in which the.
axial part ofuthe.trabeculaqis.recrystallizeQ'to<c1eartca1cite, causing the
septa to be a .series.of seemingly.structureless rods .of .clear calcite, .
termed "holocanths", .set.in .lamellor to fibrous .sclerenchyme(Hill, 1956).
This calcite,..coral .structure .is .very.similar .to .calcite, scleractinian
corals that have .changed from aragonite to.caicite"in.the:vadose, diagenetic
environment.

This textural .similarity .suggests .that .the recrystallization yielding.

the holocanth trabeculae .in .rugose .corals may represent .a.change similar

to that in the scleractinia, .which .obliterates' the .primary, dark, trabecular

axis. This interpretation yields three important conclusions—-— (1) this
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feature; which.is.common.touspecific.rugose families, is, as Hil1l (195?)
suggested, a diagenetic,.and not a morphologic, feature; (2) the "holo-
canthf represents the alteration .of a 'specific, microarchitecture unit, ‘and
(3) the skeletal mineralogy of those corals exhibiting this texture was ara-
gonite, and not calecite. » .

Tabulate corals.—-Preliminary observations of certain portions of

the tabulate, coral skeleton also indicate a tripartite division of the
skeleton. Transvefse 'sections .of Favosites, a common, Paleozoic tabulate,.l
reveal an intercoralline wall structure consisting of five: parts—-—(a) a
central zone of yellowish, translucent calcite, (b) two thin, opaque lines
a&jacent 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.is.obviously.again nearly“identica} to the microstructural
elements seen in«;he.calcite,jfleistocene, scleractinian corals.
Examination.ofﬁThamnoEora,.anotherAtabulate coral, from the fore-
reef deposits of Upper Devonian .reef complexes in western Canada, reveals
a similar texture (Platev35D,-35E, 35F). It is very difficult, strictly -
on the basis of .calcite microstructure, to differentiate the scleractinian
and rugose forms..

Stromatoporoids.——Stromatoporoids, an extinct gioup of .colonial

animals, with a calcareous skeleton, and massive, laminar, cylindrical, or
dendroid growth forms, were the'dominant:reef-buiiding organisms during
the middle Paleozoic. Although .the geologic range of the enigmatic group
is Cambrian to Cretaceous,.they‘have.been'divided into two groups, true
Paleozoic stromatoporoids, .and .late 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. Laminae may..contain a fine axial line of clear calcite, which.

is particularly. common.in.the .genera Stictostroma, Trupetostroma, Stroma—

toporella and:Clathrocoilona (Stearn, 1966). Lecompte (1956) believes the
iight colour .is .the .result .of bleaching; St. Jean (1960) suggested that the
colour is inherent .and .a generic.characteristic; while Stearn. (1966) feels.
it may be‘thenjoining, during.preservation, of é line of cellules. The.
Ifine, axial .1ine of .clear .calcite .is also similar to the clear calcite axis
of many coral trabecula, .and so may be .a diagenetic texture.

The rodelike.pillars"of.some.genera.illustrate a fasciculate or
"water-jet".structure.made.ﬁp.of fibres .radiating upwards and outwards ..
from a granular .axis. . .This is .particularly characteristic of Mesozoic
sphaeréctinoids,.appears.to-be.due.to.the.growth.of fibrous .crystals
from a central.axié, and .is .strikingly similaf to the trabecular of.corals.
This structure has .also .been.observed:.in .Paleozoic .forms, particularly the 

genera Stromatopora, Actinostroma, Taleastroma, :and .Syringostroma (Stearn,

1966).

Hartman anduGoreau‘(1966,u1970)-have recently rediscovered .a gfoup
of'living, calcareous, coralline sponges .(Sclerospongiae) which bear certain
striking resem#lances‘to,thenétromatoporoids. The fasciculate, .aragonite
microstructure laid .down .by these Recent sponges is .similar  in pattern to

that of Mesozoic .forms.. The fasciculate structures of Ceratoporella,

Stromatospongia, Hispidopetra, Goreauiella and Merlai, in particular,

match the microstructure 6f sphaeractinoid forms very well. The aragonite,
like coral skeletons, is in the .form of spherulitic arrays, often forming
elongate, "water-jet" structures .similar .to .trabeculae.

There is consideraﬁly.difference.among specialists as to which
stromatoporoid microstructures .are primary, and which are secondary.

Similarity between the clear, central canal, surrounded by an apparent,
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ghost, fasciculate structure, and the altered, aragonite, trabecular
structure of scleractinian corals, indicates that the clear, central
canal is a secondary diagenetic feature. This suggests that many of

the Paleozoic forms may have been aragonite, and strengthens the possi-

~bility thatvthe.énimals‘wereasimilar to modern Sclerospongiae.

Conclusion.~-There: may be.several processes that produce a calcite

trabecula with.a.cléar,acentral canal. The:similaritijetween calcite

trabecula formed .when .aragonite, scleractinian corals alter to calcite,

in the subaerial, vadose,. diagenetic environment, and the calcite trabe-

culae Qf-various,ularge,.colonial.organismsa;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 mineralogy
in.the Paleozoic,may-havenbeen,uas-i;,ié~today, a dominant mineral in

tﬁe skeletons of massive,  colonial, reef-building organisms.



T e e e e e e v s . <. ast.sbes 21s atim -t A et i i 1

" 'CHAPTER 5 - SUMMARY

VoY

GEOLOGIC EVOLUTION OF NORTHERN BARBADOS

The broad, flat, northern Barbados platform is underlain by the St. Lucy
Arch, a north-south frending structure of Tertiary strata. Those parts of
_ the arch exposed by. erosion reveal both Lower Eocene (Scotland Formation)

clastics and Middle Eocene to Miocene (Oceanic Formation) GlobigerinaAmarls.

Thé oldest beds of the Oseanic Formation (Middle Eocene, Globigerapsis kug-
leri zone) outcrop along £he north coast at Cluff's Bay. Pleistocene (pértly
late Pliocene?) limestones unconformably oveflie the older, Tertiary strata.
‘The. erosional, pre—Pleistoéene surface is mantled by a thin, relatively ex-
tensive, Plio—Pleistoqeﬁe limestone, characterized-by phylloid red algae and

» the foraminifer Amphistegina. Following deposition of the Plio-Pleistocene

4

limestone, and thrbughout most of early and middle Pleistocene time, there

was little or no sedimentation on the North Point Shelf. Extensive, reef-

¢ \)
Ve

ass&giated, Carbonatg deposition did not begin until late Pleistocene time.
Four reef>é;mpieies,.6f varying éizeé,:were deposited during separate high
stands of ééa level, gbout 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 terrace lower in elevation than its predecessor
(Fig. 13). On northern Barbados, however, the younger, 104,000 and 83,000 year
0ld reefs appear to have buried the 125,000 year old reef complex (Fig. 13).
These different stratigraphic relationships suggest that either the relative
rate of uplift in northern Barbados was substantially lower than in southern
Barbados, or northern Baébados was depressed following growth of the 125,000.
year old reef complexﬁ Thus, while the 104,000 year old high stand of.sea
leyel rose only to within 12 meters of.the 125,000 years B.P. reef complex

} on southern Barbados, the sea transgressed over the 125,000 years B.P. reef
éomplex oﬁ ﬁorthern Barbados. Likewise, the 83,000 yvear 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 Barbédos, but it transgressed over the 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:01d=reef complex,  for example,.now.lies: at
a highef, 31 meter, elevation along the northwest coast, in contrast to an
elevation of only 18.5 meters on southern Barbados. The complex history of
reef development and tectonié uplift on northern Barbados' clearly demonstrates
the hazard of using tectonically active areas to determine absolute heights
of sed level rise during the Pleistocene.

The upper part of the 104,000 ygar'oid“reef complex 1S'divisiﬁie.into a

reef facies and back-reef facies. The reef facles is comparable to.the.general

model proposed by Mesolella and others (1970):;with:a palmata zone grading

seaward (west) into a thick, cervicornis zone. The back;reef:facies, however,

displays marked lateral variation. The dominantly.calcarenite lithologies,

with delicate stick-coral growth (Acropora cervicornis and Porites porites).

in the centre of the lagoon, change northward to a series'of Porites.porites.

banks and red algal ball (rhodolite) calcarenites (Fig. 15). The rhodolite
zone may reflect the more turbulent, open water conditions on the North Point
Shelf, north and northwest 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 calcarenites.

The 104,000 year old high stand of sea level is not recorded on the
northeast coast, but, during the following warm periocd 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 complex. ‘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 palmata and other corals,

depositéd on top of these basai sediments, appears to reprgéent a.poorly .. ..
established, partially transgressive, reef facies. "This A. Ealﬁata—rich
limestone served as a base upon which, as sea level continued to rise, .a
true b;rrier-reef, with recognizable facles, developed. ‘Théwbarrierhreef'“

" facies of this complex is a-massive A. Ralmata”deposit:containingascattéred‘

‘ Montastrea annularis with- Acropora cervicornis developed in a leeward4positioﬁ.
-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 and. contains
hugé M. annularis colonies equally high. After initial establishment of the
barrier-reef, the back-reef was a lagoon of scattered coral ﬁeadshgradiﬁg
landward into a terrigenous sand. During the latter stagesfof"reef-growthg

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 of both- reef complexes .are
made up of particles produced on the reef, whereas sediment on the landward-'
side of the lagoon is produced in situ and shows little reef influence. Reef
sediments are characteristically bimodal,’with large, whole fragments of.. ..

Amphiroa, Homotrema and pelecypods in calcilutite and calecisiltite.. 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 those in' 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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Interestingly, much of the reef sediment is reworked, terrigeqous,
Scotland Formation quartz and feldspar grains. These grains are abundant
tﬁroughout the reef.complexes and are not necessarily characteristic of

the beach' environment. .

Increased:late Pleistocene:uplift along”the northwest-.coast has.exposed. .
a previouély,unreported§.narrow,'60;0003year=01d;;fringingéreef terrace.
This young terrace,.the first such reported from the:Atlantic-Ocean, was - formed
during a short sea level high stand, or boreal period, “during the Early Wis-
consin‘regresstién. Similar.terraces have recently been reported from several

areas in . the Pacific Ocean.

LIMESTONE DIAGENESIS
Submarine Lithification

The importance of. forming a wave-resistant structure ofi the reef edge,
to enable subsequenﬁ development of the facies mosaic, has been stressed in
many studies of coral reefs (Lowenstam, 1950; Ladd and others, 1950). 1In
the past, influenced :by.the.obvious dominance of organic carbonate precipitation,
ﬁany workers. have .suggested.that:large skeletal elements-are -bound by algae
and encrusting foraminifera,.to.create a strong framework. -The discovery of
submarine lithification in modern reefs (see earlier discussion, Chapter 4)
indicates that there. is mortar between the.skeletal bricks, and a“very rigidly
bound framework-is- created.in.situ. . The degree of submarine-lithification.
within modern reefs is .difficult  to assess,“however,:because these areas
are not easily studied.

.Detailed investigation .of the.interior'of'the'exposed;'lﬁte.Pleistocene
(83,000 years B.P.) reef . facies on northern Barbados, one of the few so in- .
vestigated to date, reveals‘%: presence of submarine lithification. Cemented.

material is in the form of pelleted crusts which drape .around-Acropora cervi-

cornis sticks and bind them together. Similar crusts are also found in
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association with Aecropora 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 irreguiar,
and surround corals only. .In thin section, the pellets from submarine crusts
are génerally.much smaller (9 to 60 micra) than caliche pelletoids (30 to 500
micra) and each pellet is surrounded 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 lifhification 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.fabrics:in-Pleistocene reefs on Barbados have been éltered
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 pést, great _emphasis has been.laid upon 1ithification'of”carbonéte
sediments in the meteoric.vadose.zone, as it is in this environment tﬁat,
through diagenesis, much.cementation. takes place." Less-a;tention has been ...
paid to those.expodsed .sediments .along the coast:where salt spray instead of
fresh water is the.dominant pore fluid.

Throughout the world, in the intertidal zone of modern seas, layers of
Recent, béach sediments are cemented by aragonite and Mg—-calecite into beach-
rock. On the northwest coast of Barbados, the same process is apparently
operating, but :it 1s.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 is taking place . both in the intertidal and supratidal zones.
Many of these sediments have been in the meteoric vadose zone throughout
most of their history_anauare"cemented.with.calcite. New Mg—calcite is now .
being precipitated .on, and in.many cases in optical continuity with, pre-
existing calcite.cement...

The origin of aragonite cement in beachrock is éhe subject of much de-
bate an& controversy. An.aragonite crust, up to 1.5 meters thick, is pre-
cipitated from. evaporating.sea spray, blown.onto the surface of Pleistocene
limestone along.the.northeast coast of Barbados. This cement.is petro-
graphically similar . to 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 subaefially exposed
limestones. Surficial,.calcéreous crust profiles (caliche) have been
described in a.general_way and.sevefal theories have been proposed as to
their origin. The.petrographic characteristics of carbonate in calcareous
crust profiles, however, have not been desecribed, and it is not known‘whether
crusté from different areas possess similar carbonate textures. On northern
Barbados, calcareous crust profiles are developed on the surface of Pleisto-
cene limestones and also occur within the Pleistocene limestone sequence.
Thus these calcareous crusts are valuable. indicators for subaerial exposure.

Diagenesis in.the .upper part .of .the vadose 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 form of "flower spar",
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'needles, and micrite...These.basic. crystal types combine to' form the following

characteristic. textures=—(l) cement, occurring as flower spar and random
needle fibres, (2).coated.particles, in. the form of various nucleii.coated
with oolitic.laminae. of needles. and.micrite, (3) crusts, and (4) pelletoiés,
formed from both.precipitated.calcite.and.micritized pérticles.

These textures. are.not unique to the crusts on Barbados, but are the
basic elements of.similar crusts and. associated lithologies in Florida and
the Middle East...Since.all.of.the precipitated carbonate is calcite, these
features arg.likely.to.remain.iittle affected when buried in the. vadose zone,

and hence will tend to be preserved in ancient rocks.

Coral Diagenesis

The diagenetic procésses 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 small scale of the textures formed. Althouéh our ..
knowledge of past life.forms‘is dependent upon fossil,calcareous skeletons,
there is considerable. uncertainty. among many.workers as to whether 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. random process. .but is strictly'cﬁntrolled by the
skeletal microstructure.. Solution.begins .at.the centre of each.trabecula,.a
slightly porous.area-of_fine-aragonite;crystallites, the spaces:between which
may be partially. filled.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 .aragonite .can be" easily scraped away with a
fingernail and has a ."chalky".appearance.

The-stages.ofhalterationeto-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 angilés from the axis

of tﬁe‘trabecula5“until.the wholé aragonite trabécula is altered to calcite.
RePlacement.neverwtakes;place.fromﬁthe pore walls inward towards the axis of
the'trabecula.“iThe.final,coral.texture is one of large calciﬁe crystals.. .The
origingl, dark. centre of.each.trabecula.is .a .canal of .clear calcite, and .the.
rest of the trabecula.displays.aﬂghostwtextureuofvfibrous-aragonite.

Both solutionﬂand.replacementuof.the"aragonite, -coral-.skeleton begin.at.
the centre of.the.trabecula and proceed outward towards the  coral pores., . The
similarity between the. courses.of. diagenesis not only indicates.that they
are controlled.by.coral,microstructure,,but.also;emphasizes the fact that re-
pPlacement probablyuinvolves“a-solution.stage,.however small. The existence.
of a solution.stage.in-the.replacement;proce§§1is,also‘illustrated by. the
presence of a zone of.partially dissolved aragonite, or ' 'chalky" aragonite, .
often only a few microns.thick,.betweeﬁ original aragonite andtfinal'calcite
stages of partially. altered.corals.

Scanning.Electroonicroscope photographs of the aragonite-~calcite con-
tact in paftially 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 éuggests that the CaCOg5 dis-
solved from between.the aragonite.needlesmmay.beulocally precipitated before

the needles .themselves are altered, thus preserving ‘the :microstructure of

" the coral.
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Many large.colonial.organisms.. (Rugose corals,'TaBulate“corals, Stroma=.
toporoids) in.the.fossil .record.exhibit similar calcite fabrics. These cal~

cite fabrics suggest.that originally these .organisms may have been aragonite,

The manner in.which.these Paleozoic organisms,change&'froﬁ aragonite to cal-. ...

cite may have.been similar.to .the process outlined above for late Pleistocene

corals now in the subaerial, vadose, diagenetic environment.
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PLATE 1

GENERAL PHYSIOGRAPHY

Areal view of northeastern Barbados, looking north-northwest.. The

‘major escarpment inland (2) is the Second High Cliff, at the foot of .

which lies the broad, relatively flat, North Point Shelf. This part
of the shelf is made up.of limestones that were deposited .as a .reef

- complex about 83,000 years ago,.when the Second High.Cliff was a

series of sea cliffs, similar to those at the right. The whole area,
has since been uplifted, .exposing the 83,000 year .old .complex, . The

bay in the left foreground .(G) is Gay's Cove and the bay to the right
(L) is The Landlock. ’ :

Areal view of the west coast of Barbados, .near .Speightstown, .looking
east (the ocean .is just .out of view to the lower .left). Arrows
indicate the First High Cliff (bottom) and .Second High .CLiff (top). _

The cliff face, with.bare.outcrop.and.scattered:trees,.is.mainly.the".

reef facles, while .the .cultivated fields overlie the back-reef facies
of each complex. '

Second High Cliff (2):ﬁear.Spring;Ha11.Eactory‘A.Here.auyounger.terfahe
(centre, left) .has been .deposited .against .the leading edge of the
Second High Cliff (Terrace F, Fig. 9). :

Sea cliffs, about 10 meters high, along,thednortheast.coast.near Wailtes
Bay are cut into a back-reef .lithology .of the .83,000 year 0ld reef com=—
plex. Here coral heads (dark irregular .patches) lie in .a .light cal-.

carenite matrix. . The .upper meter .or so displays a well-developed, cal-
careous crust profile.
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PLATE 2

. TERTIARY:AND+PLIO-PLEISTOCENE STRATA

nMiddle Eocene;. Oceanic: Formatien, Globigerina. chalks. .at Cluff's Bay.
'The numerous dark-beds;-rich in.terrigenous:sand- and-.silt, may re—

present .volcanic :ash-£falls:- (Senn, 1946)..mThese—bede.display small

-scale- faulting (upper. 1eft)

. Lower Eocene; Scotland. Formation, sandstones near: Spring- Hall Factory
(1ocality SH'30).: Fine-grained; poorly ‘1ithified-sands:contain many

thin irregular: micrite 1aminae.

Contact between-Middle:Eocenes.. Oceanic. Formati@nq-chalka(bottom) and -’
Plio-Pleistocene-phylloid-algal. limestones .(top).tat-Cluff's Bay.

Irregular nature-of .the centaect:is: illustrated-bywan‘erosienal channel -

cut into the:chalk: (arrows indicate: channel :boundariesy.:the. bottom .of

‘the ‘channel. is ‘just-out of view) .

. Contact between Lewer.Eocene,«Se¢otland. Formationy:-sandstones’ and Plio—
.'Pleistocene,phyllcidnalgal :1imestones:-(a) -near-Spring:Hall.:Factory. The

limestonés- areunderlain-by-a.conglomerate: whose:. beulders: (b) are made
up of "Scotland Formation:-and-whese matrix. (m):is.-mierdite-with ‘scattered
foraminifera.

Plio-Pleistoceneuphylloid-algal 1imastena (lecality«SHHQ%.with prominent

banding: 'Diameter:ef:the~penny:scale is. 2 cm.

Wéll'bedded:sequencewef“Amphisteginancalcaxenitem&tLCquf!s'Béy.
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PLATE 3

PLIO-PLEISTOCENE ALGAL AMPHISTEGINA LIMESTONE.

PhotomicrbgrephsﬁbfPlaneQPblarized.Light

-
I

Phylloid algal limestomne. A cross’ ‘giection of crustose red algal
plates which appear as dark bands in‘thin section. Fracture-.at

upper right cuts both foraminiferal micrite -and .several algal plates.
This fracture is filled with the same pelsparite-as-between.the plates

in the lower part of the photograph, suggesting early:lithification of
the'foraminiferalAmicriter(Sample M35 B).

Enlargement of lower right hand .area- in -above-thin-.gsectiden:. illustrating
pelsparite- between the: crustose. red-algal plates.

Phylloid algal limestone. Excellent geopetal. texture-occurs between
algal plates. Each wvoid-is rimmed with a thin .crust. (20 micra?) of
calcite spar. cement-which is succeeded by a:partial.detrital fill of

. fine .pellets (Sample Bl3 B).

'APhylloid algal limestone, calcarenite lens. The large intraclast at

centre is composed of pelsparite, identical to that between - crustose

red algal plates in (B) above, suggesting early lithification and’
erosion.

, Amphistegina calcarenite. . The biomiCrite between whole foram tests

contains scattered sand sized fragments of crustose.red algae (centre)
(Sample C24 B).

Amphigtegina calcarenite. The biomlcrite between- large lentiform

Amphistegina tests contains many planktonic foraminifera: and crustose
red algae fragments (Sample SG 9).
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PLATE 4

60,000 YEAR OLD REEF TERRACE

Western side of Cluff's Bay. . Oéeanic .Formation .(white) .at left
centre .Is .overlain hy Plic—=Plelstacene .limestones .which.make .up .
most of the dominant .30.meter high .cliff. . .The .platform .at. right

centre  (Goulding's .Green). is .a separate reef terrace formed about
60,000 years ago.

Point Harrison .as viewed.from Narse's .Bay. . Note .notch-cut .into.late .

Pleistocene limestones.on .the promontorxy. . .The .£laar of .this .notch

lies at about .the .same .elevation .(about.3 meters) .as .the 60,000
year old reef terrace limestones:of. Norse's Bay..

The 60,000 year“oldgfeef:terracéwié“depésiﬁed"upon.é ﬁénéh.éﬁé.inté;_..“ .
. older Pleistocene.limestone.(see.Fig..1ll). ..0n .the .landward.side.of.. .. ..

this bench, .a notch.(illustrated.hére) .is :cut .into.the .limestone" ..
cliffs. In .this .example .at .Goulding's .Green the notch .is cut into
Plio-Pleistocene limestone. .. .

Scattered mollusc .fragments. (white .specks) “in coarse .to medium graiﬁed..

calcarenite of the 60,000 .year .old reef .terrace .at Goulding's Green.

( Camera lens cover 5 cm. in diameter).

Large columns of Montastrea annularis, .commonly found in the reef.

‘facies of modern and Pleistocene reefs, forming the northern edge of

the terrace  (Hammer scale).




y

YR

B
s







ST e T TN

‘Conglomerate at the.contact 111ustrated.in (A).. .White baulders .of .
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PLATE 5
83,000 YEAR OLD REEF COMPLEX

BASAL STRATA

- Sea cliffs, about.20.meters high .forming .the northern shore of

Gay's Cove (see .Plate.lA)...Late .Pleistocene.(83, OOO.year .0ld). reef-..h
limestones overlie .tilted, well-bedded,_Upper_Eocene (Qceanic. Formation)
Globigerina marls .that. dip .eastward.at . about 40°. . The .dark .colour .of.
the lower reef .limestones .is.due .to .the.relatively .large .proportion of

" reworked Secotland Formation .terrigenous .grains .in the matrix between

corals. .The contact.is.irregular.....:

Oceanic Formation .are .surrounded by a dark matrix of :reworked Scotland

Formation sands.

(lower) ‘reef complexes in-the-ZO.meter_cliEfs at- Animal Flower Bay.-.l

.The .younger limestones .are.not .as. .well .lithified .as .those .below .and .
‘8o weather recessively, yielding a good physical expression of the

contact. e

Basal 1ithologies .of the 83 000 year.old.neef-complex.at The Landlock..

Contact, at hammer,.between the_basal,.Acropora palmata lithology and
overlying back-reef facies at .The.Landlock .(see .Fig. :14). : .Crustose red
algae thickly. encrusts.the.upper surface of the.coral.:

3

LRSI

Upper surface.of a limestone .boulder .in.the . basal .conglomerate .of .the. . . .

83,000 -year .0ld .reef .complex.. .This baoulder .has .been .extensively. bored-gvﬁ_.‘

by the sponge: ‘Cliona .(note .numeraus bareholes) .indicating, .as .does .the

encrusting red .algae .in (E), a period of non-deposition. Penny scale
is 2 cm. in diameter.
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PLATE 6.

REEF FACIES - PALMATA ZONE )
A large Acropora palmata .coleony.growing..at:.a .depth.of about .three

meters in the reef facies of the Florida reef tract. Each extended
coral branch is concave. upwards.

Cross—-section of .a.large Acropora palmata hranch 0T’ frond, .in .the .
reef facies of .the .Pleistocene, .104,000 .year .old, .reef.complex

(locality FH .C51)....The .large .central .caral .is .cancave upwards,-indi— ”,

cating .that it .is.probably .in .growth.pasition. . The . two .corals .at.
the right, however, are .concave down, suggesting they are not in.
growth position.

Massive accumulation of Acropora paimata fronds in the barrier-reef
facies of the 83,000 year old complex (locality AF).

Interbedded Acropora palmata (a) in & dominantly .Acropora. cervicornis

(b) reef facies. River Bay.
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PLATE 7

SEDIMENT BETWEEN ACROPORA PALMATA FRONDS

Photomicrographs -~ Plane Polarized Light.

Large whole.sticks of the articulated red.coralline alga Amphiroa
(lower half) and scattered blocky.coral grains.(upper right) in a
calcilutite matrix, Calcite.. (Sample CD 2).

Large whole tests of the foram Homotrema.(left and lower right) in

" a calcilutite matrix. Calcite. (Sample P25 A).

Calcilutite matrix between large skeletal .grains illustrated in (A)
and (B). Clear blocky calcite has béen precipitated into the.voids
created when-fine aragonite allochems (mainly corals) are dissolved.
(Sample FHD 3).

Calcilutite matrix between.large skeletal . grains. . One relatively
large area (lower left) and numerous small areas of blocky calcite
are.the result of calcite precipitation into voids .created by the.

solution .0of aragonite allochems (mainly corals). .Contrast with the -

well preserved textures of the small Homotrema fragment (originally
Mg-calcite) above the large area of clear clacite. (Sample FHD 2).

Coral calcarenite, with a relatively uniform .grain. size, in which each

grain. is now calcite. (Sample AFD2 BB),-

Well sorted coral calcarenite with-.accessory dark. grains of articulated
coralline algae. ..These coral grains are.still: aragonite and have not

yet altered to calcite. (Sample WB5 G2).
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PLATE 8

/ REEF FACIES - PALMATA ZONE

An Acropora. palmataicelony,in the -83, OOO-year -ald .reef complex, ... .
.encrusted with red algae and bored by the.date: ‘mussel ‘Lithophaga....

Acropora palmata . fronds .in -the 83 000 year old reef complex, viewed

from the base.

Palmata zone off'the.northucoastmof.Jamaican(Eear-Tree“Bottom)i;
. The .floor .between.coral .colonies, at La depth-of-ahout'ﬁ -meters, -is .

REEF.FACIES ;- MONTASTREA ANNULARIS

Sea cliffs, .about. 12 meters.high, forming.the northern side .of The
.Landlock. : .The .laxge Montastrea .annularis:colaony:occupies most .0f .

the .cliff .and .separates.the .barrier-reef .(right) .and .back-reef.. (left)
facies. This colony .is .overlain-by:a Porites: Eorites-rich 1ithology

Contact between.large Montastrea annularis (1eft).and massive Acrogora

palmata (right) .lithologies .(locality B25).

pole (lower. right) are 1 foot wide.

_(see Plate 14) upon which are developed.surficial;calcareous crusts..

.Scale divisions on range

S









164

PLATE 9

'REEF FACIES - MONTASTREA ANNULARIS -

Large ‘Montastrea. annularis.colony, .about :2.5 .cm .wide, .in .the reef .

facies, :in about .3. meters .of. Water off the north .coast -of - Jamaica
(Pear Tree Bottouo

Tall, columnar Montastrea-annularis surrounded by Acrogora cervicornis

~ in .the: reef facies of .the Pleistocene, 83, 000 -year old, reef complex._

(locality B25) .-

 REEF FACIES: — CERVICORNIS ZONE

’Profuse growth‘of Acrogora cervicornis in about 10.meters,of water

off the north coast of Jamaica (Discovery Bay) Diver at:. top provides

-'scale.

Cervicornis zone-in the‘barrier—reef facies .of .the" Bleistocene, 83, 000
. year-old, reef complex at River Bay, Barbados.v Scale division on range

pole is 1. foot.

Cervicornis zone in.the. 83, 000 year old reef complex at Little Bay, .
Barbados. Here sticks .are weathered out of . the poorly 1ithified matrix,,ﬂ

Large Acropora. cervicornis sticks to the right of the Mbntastrea

annularis colony in Plate 8D. Compare the size of the coral sticks

to  those in 9D.










'Bimodal calcarenite of large’ égghiroa (right) in a matrix of fine
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PLATE 10

SEDIMENT BETWEEN ACROPORA CERVICORNIS STICKS

Photomicrographs +.P1aﬁé.Poiarized iight

Large rods of the articulated coralline. algae Ehiroa (upper left)
in a matrix of very fine coral and. other accessory grains. Calcite.
(Sample 'SD 1). '

_Fine grained matrix of - sample 1llustrated in (A).. Clear blocky
calcite has beéen precipitated: into. voids created . by the solution

‘ of aragonite coral fragments.

Bimodal calcarenite ‘-made-.up- of large ‘whole: Amphiroa rods (lower

_left) and bivalve- particles ‘dn.a matrix of ‘fine.grained coral

fragments. (Sample SD 1).
grained coral fragments and. miliolid- foram tests. .(Sample P13 D).

~CRUSTOSE RED ALGAL NODULES

Photomicrographs — Plahne Polarized Light

‘Red -algal ball composed of a central core of crustose red algae

(a) encrusted by the foram-Gypsina.plana (b) which. is.in turn coated
with more crustose red algae (e). (Sample M23).

; A broken fragment of .crustose . red algae encrusted by the foram
.Gypsina plana. (Sample M19 A).
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PLATE 11
: 83 000 YEAR OLD REEF COMPLEX

| ‘iy‘ BACK—REEF FACIES — CORALS (THE LANDLOCK) SRR

.fs°11tary head of Diploria st gosaniVtmottled.calcarenite;“

ounded head-of Mbntastrea annularis, 1 25 meters high

*(¢ompare’with .Plate .9B)" surrounded’.and.covered .with .small .

':_“individual "hat—shaped" colonies in growth position.=

;‘Closer view of columnar "hat-shaped" colonies—of.Mbntastree-
'rannularis.,. B : AT . , i

_.bentastrea annularis dn’ the "hat-shaped" growth .form .at. a depth of SR
 about 4.5 meters .in .the back—reef of . the: Florida reef tract.' Com— .
fpare with the Pleistocene forms in (C) : . R '

ffLow, encrusting, sheet-like growth form of Mbntastrea annularis,
. ‘0 25 meters high.} Small attached gastropods are living Littorﬁna;

“f.Abundant corallites of Eusmilia fastig ata.,g
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PLATE ¥2

83,000 YEAR OLD REEF COMPLEX

BACK~REEF FACIES - OUTCROP OF VARIOUS SEDIMENTS (THE LANDLOCK)

Bioturbated terrigenous .sand. . .Note the..relatively -horizontal laminae
‘disturbed by burrowing .animals (see Plate 5D).

Burrows preferentially cemented by carbonate in the terrigenous
sand zone.

Transition between coarse basal calcarenites and mottled back-féef

sediment.

Typical.mpttled.1ithologies1of.the“backareefgfacies.u.Datk_sediment””
is terrigenous..sand .and the white mottled material is fine grained
carbonate.

Close~up view of mottled :.texture .in vertical .cross-=section.showing.the.
more resistant .tubular and cross—cutting nature of the white carbonate
mottles. A '

Hofizontai‘surface-sectionfiliustrating.the.1nterna1.nature of .the. ..
white mottles.. .Each.mottle.is .lined.with .fine white..carbonate .and. . .
filled with slightly .coarser .very .fine .grained .calcarenite. . These. . . >

..mottles may represent.the holes of borrowing .animals . (perhaps.the

shrimp Callianass3) 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 BASAIL PART OF COMPLEX

Photomicrographs . - Plane Polarized Light .

Large, elliptical intraclaSt.tyﬁical:of the matrix between larger
clasts in the basal conglomerate. (Sample GC A2).

Calca:enite_matrix.betweenAlarge"corals.in basal unit.(see.Plate.
5D) 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

Terrigenous sand zdne...Unlithified'sand made up .of reworked .quartz.

and feldspar grains.derived"frpm.Lower.Eocene;.Scotland.Formgtion,.and
scattered carbonate .grains. Sample from area illustrated in Plate 12B.

" (Sample L7).

 Poorly lithified calcareous.sandstone_made_up of nqmerous.clear,.angular;
.terrigenous grains.and.scattered“dark,qunidentifiable.microcrystalline

carbonate "peloids". Sample from area illustrated in Plate '12A. (Sample

L8).

" Poorly lithified.sandy.calcarenitenwith_numerous-clear.terrigenousw.

grains and matrix.of.darkumicrocrystalline.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 1.19).

Fine pelleted micrdéﬁafife iﬁ the.ﬁhi
(Sample L19).

te mottles of Plate 12E.
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 PLATE 14 _ |
83,000 YEAR OLD REEF COMPLEX . : T j
: C A
BACK-REEF FACIES - PORLTES-THALASSIA ZONE
5 % N N .

C1liff section; .10. meters high, 'at;Laycock .Bay,..in which .a massive . .
- Acropora palmata Jdithology .is .overlain by . a Porites porites 1ithology.
. The- whole section is. capped by subaerial, calcareous crusts.,

Horizontal surface of the.Porites—Thalassia zone with a profusion‘u
of small, fragmented, coral branches (locality RB C5).

Porites—Thalassia biotope .in .about l;meterﬂdf"water.off Tavenier
Key of the -Florida reef tract. Thalassia blades are 10-15 em. high.

Small knobs of'Mbntastrea.annularis.surrouhded*by many - fragmented
Poriteslporites sticks (locality.L12 Barbados).

Several large Strombus shells among ‘MUMerous. Porites porites frag—-
ments (1oca11ty 325) :

FRINGING—REEF FACIES

Road cut exhibiting .a: typical Acropora,palmata development with

(locality Bl14). ‘ ‘ :)
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PLATE 15
83,000 YEAR OLD REEF COMPLEX. .

SEDIMENTS - OF THEifOﬁITEséTHALASSIA ZONE

Photomicrographs - Plane Polarized Light

Scattered, fine grained, .skeletal fragments .in a pelmicrosparite

typical of the .fine grained sediments in the lower portion of the
zone. (Sample RB1 A2). :

Calcite coral grains in a micrite matrix. (Sample RBl B2).

Coarse grained calcarenite composed of articulate coralline red. .
algae and whole valves of the pelecypod Chione cancellata. (Sample

Cora1 ca1carenite composed mostly of aragonite coral fragments.
(Sample RB C6).

104,000 YEAR OLD REEF COMPLEX .
BACK~REEF FACIES SEDIMENTS

Photomicrographs . - Plane Polarized iight

Well cemented coral calcarenite with numerous micrite envelopes

. 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 Homo—
trema. (Sample FW 74).

Coarse whole skeletal.grains.typical.of.back—reef-sandsuadjécent.to
the reef .facies. These grains .are .Homotrema (left), pelecypod
valve (centre) and Amphirca (right). (Sample M52).
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PLATE 16 .
104,000 YEAR OLD REEF COMPLEX

BACK—REEF FACIES - SEDIMENTS

Calcarenite adjacent to the Ealmata zone’ with differentially cemented
tubes.

'tAcropora.cervicornis.sticks-in.the“stickecoral:zone,of.the back-reef

facies surrounded by .fine. grained calcarenite to calcilutite matrix..

Contact. between 125 OOOZ.year old reef complex and 104,000 year-old

reef .complex .in .a.road.cut ‘east iof Fryer's: Well .Bay.(locality FW. 12).'.
Exposure .of the_underlying.older .reef ..complex.to .subaerial .weathering .. .

prior to burial created:.a.crumhly limestone-similar.to  that .seen.on ..

. the .northeast. coastatodayt; .The..overlying .youngerlimestones .are.

well—laminated calcarenites similar to:modern beach" sands.,

Cross hedding in the Pleistocene beach calcarenites illustrated din
Plate 16C- (locality A34). : .

Porites bank zone. (locality M29), with numerous,vertical Porites
Eorites sticks; all in.growth: position. .Contrast with.Plate 14D...

lPorites porites bank 1n.about 5 meters of water off the west coast
of Barbados. Compare with Plate 16E.

A
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PLATE 17
104,000 YEAR OLD REEF COMPLEX {
BACK-REEF SEDIMENTS

Photomicrographs - ©Plane Polarized Light

Coral calcarenite with accessory .red algae and moliusc.fragments.
Although most clear coral grains are calcite, several aragonite
ones remain utalteréd (a). (Sample M52).

Biomicrite from stick-coral zone of the central back-reef illustrated
in Plate 16B. Areas of clear, blocky calcite 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).

Fine grained foraminiferal calcarenite adjacent .to cross-laminated
beach calcarenites. (Sample FW34).

Medium grained calcarenite similar to (C) but from.fine laminae .in

cross-laminated beach sediment illustrated in Plate 16D. (Sample
A3A"‘a) .

Coarse grained calcarenite dominated by the .foraminifer .Amphistegina
and well-rounded fragments of red algae and intraclasts. (Sample FW12).

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 SUBMARINE LITHIFICATION

Sticks of Acropora ce:ﬁicornis.(al.surrounded.and.cementedaby a.
1umpy.crust-of_pelsparite.(b).."Sample.from_reef.£acies"of living ..
reef off the north .coast .of .Jamaica.(courtesy L.S. .Land). The.
relleted crust is.composed:of.Mg-calcite..

pelépari;e.(compare;withuA)Qmusamplemfrom;the-reef.facies“ofmthe.v“

-Pleistocene,.83,000.year.old,.reef_complexuon_the-northeast_coast.of

Barbados. .The crust.in .this.sample .is composed .of .calcite. Penny
scale is 18 mm diameter. (Sample RBD).

Cutnélab'of.theqlamaicanmcrust.illﬁstrated_inqCA).with.irregular“‘“u..}
laminae in the .pelsparite .surrounding .white ‘Acropora cervicornis
sticks. Photo is 2 cm wide. .

Cut .slab .of a}brown,.lumpy.crust.with_irregular.1aminaewsurrounding
an Acropora cervicorniswstickufrom~the.reefufacies.of.thenPleistocene,

.,83,000.yearwold,.reef,complex.on.Barbados...Theupelspariteuin.this.

crust is Mg-calcite. Photo.is 2 em. wide. (Sample RB.C4).

.Palméta zone, 83,000.year_old.reefucomplex,.northeast.coast,.Barbados..
-(locality AF D).. The .lower.surface.of each coral frond is coated

with a pelsparite crust.
Enlargement.of,centfai.céralnfrondwin.(E).-pArrows.indicate.the.base.
of the coral, .the .sediment .below .this .is.a well-lithified .calcite . .. .

pelsparite crust. .Theuelliptical.boring-of.the.dateamussél:Liththagé.:

cuts both;the.coral.and-cemented.crust,'suggesting:pelsparite lithi-
fication occurred early in the coral's history.









PLATE 19

SYNSEDIMENTARY SUEMARINE LITHIFICATION o)

Photomicrographs —i Plane Polarized Light

Mg—calcite pelsparite.  Lithified .crust .cementing .Acropora cervi-.
cornis sticks in the living. reef facies off Discovery.Bay, Jamaica.
Thin section from sample.illustrated in Plate 18A.

Enlargement of the.thin.section.illustrated.in,(A)...Each.irregular,

micrite pellet is surrounded by an isopachous fringe of dentate Mg-
calcite.

Mg~calcite pelsparite. Brown, well-lithified .crust .surrounding
Acropora cervicornis .sticks.in .the reef .facies .of .the .Pleistocene,
83,000 year old complex.on Barbados™ northeast .coast.  Thin section
from sample illustrated in Plate 18D.

Enlargement of thin section 1llustrated .in.(C). .Each micrite pellet

is surrounded by .an isopachous fringe of dentate Mg-calcite similar to
that in (B). .

Pelsparite. Well-lithified .grey .crusts.surrounding .Acropora.cervi-. ..
cornis sticks .in .the reef .facies of .the..Pleistocene, .83,000 .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) and all voids between.pellets .are completely filled with
spar. (Sample AF D2 B3).

Pelsparite. Thin, well-lithified .crust .at.the.base:of.the. AcroEora
palmata frond.illustrated. in Plate 18E....The .pellets .are.similar.in.
size and distribution .to.those.around Acropora .cervicornis .sticks
illustrated in .(E)...The .voids .are also..filled .with clear calcite,
suggesting that these crusts may be lithified early as well.
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PLATE 20

INTERTIDAL LITHIFICATION

Norse's Bay. 60,000 year o0ld reef .terrace.just .above .sea.level.at..
the foot of older,.Pleistocene.limestone.cliffs,.obscureduby.trees.n
The vertical rod (arrow) on the .terrace .is 1.5 meters .high. . The.
partially lithified, Pleistocene .sediments.which.form the terrace
are continuously bathed in salt spray.

Photomicrographs — Plane Polarized Light

Fine grained calcarenite between .numerous .sticks.of Acropora . ¢érvi-.
cornis directly.underlying»the“G0,000,year-oldmreefwterraceu(see .
Fig. 18). Large voids.are .lined .with .an .isopachaus .crust of clear. ..
calcite up to 30 .micra.thick. . .The .remainder .of .the .void..is filled.
with calcilutite which"stains.red.with.Clayton.yellow,.indicating .
the presence of Mg-calcite. . .This suggests .that ‘the .void .was .filled.

. during deposition.of .the .overlying .60,000 year old .reef .sediments,

which are still Mg-calcite~rich. (Sample SB 1A).

Fine grained calcarenite.from.the same.litholagy .as .above. . .Grains.
are mostly fragmentsdof.the.articulateducoralline-algae;Amghiroa
and Jania. Each .gwain .is .surrounded .by .an isopachous rim.of clear
calcite about 30 micra thick. (Sample N 6A).

Eﬁlargement.of the .thin.section illustrated.in..(C).. The clear

.calcite .rim .cement .is succeeded.by .a.secand .stage..of .slightly .darker .

cement. . .This .second .stage .cement..stains bright red with Clayton
yvellow indicating Mg-calcite.

Coarse calcarenite.of4we11—rounded,crustose.red.algal fragments, .
typical of the sediments in the 60,000 year old, fringing- reef .terrace.
This sample is from the upper part of the terrace, in the spray 2zone,

. and exhibits two stages.of carbonate cement.. The grains are cemented
. together by clear drusy .calcite, the outer half of which exhibits

a dark rim. When.stained with .Clayton.yellow, .the .outer .dark .rim
turns red and .the .inner .clear .calcite .is.unaffected, indicating the
former is Mg—calcite.. (Sample N 4B).

Enlargement of the .thin .sectiaon .illustrated .in. (E)., viewed.under.cross— . .

polarized 1ight...The;two.cement.stages.can,easilywbewdifferentiated.
The dark, second stage.has_precipitated-in.optical.continuity.with
the first stage even though made up of smaller crystallites.
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PLATE 21

. _SALT. SPRAY  ARAGONITE

Northeasticoestjoanarbados_nearwAnimal.ElowerwBeyqme2we9~breaking

against cliffs throw.large.amounts.of .salt.spray..into.the air. Cliffs-:

ebOut'lZ metersfhighaanersonmongcliffitop~providesascale‘(arrow)

‘Surface of - cliff top ‘along: the northeast. coast- -with. patchy white.

coating of aragonite on:-dark limestone.

Phbtomicrographs

fCross section of limestone (dark lower third) and.laminated aragonite -

crust from area pictured in (B). Plaﬁe polarized light.

Enlarged area- of aragonite crust viewed under cross polarized light.-

Long aragonite.needles are oriented at right angles: to. the horizontal-
1aminae. : :
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PLATE 22
SURFICIAL CALCAREOUS CRUST PROFILES

FIELD EXPOSURES

A, Sea cliffs, about.l0.meters high,.along.the .northeast.coast.of.
Barbados, near .The .Landlock. . The .development..of hard, calcareous
crusts occurs in.the.upper .few.feet.of .the .section. . These hard
crusts are more resistant.to erosion _than.the underlying .poorly .
lithified, 83,000 year old, Pleistocene, reef limestones.

B. Surface of the erusts illustrated in (A) with numerous fractures.

C. Surficial calcareous crusts developed in the upper part of late
Pleistocene (83,000 .year.old) calcarenites .some 1+1/2 kitometers
from the northeast coast (locality SG 7, looking east).

D. Closer view of crusts pictured in (C) with numerous thin resistant
crusts which, although more or less parallel to the .ground surface,
are highly irregular.and .branch .and .merge .in several places. The

. poorly developed.horizontal .crusts .also .occur below .the extensive
upper zone. Dark.vertical lines.are .organic.stain on the rock sur-
face. Hammer 1in lower left is scale.

E. Surficial calcareous crust development .on .the 60,000 .vear.old reef
limestones at .Goulding's Green.. A cross section of this crust is
illustrated in Plate 30C.

F. A single, thin, calcareous.crust .developed .on . well~1lithified, older
Pleistocene calcarenites (locality C51).
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. PLATE 23
SURFICIAL CALCAREOUS CRUST PROFILES
. ..Rock Slabs

Arrow indicates up; square is 2 cm on a side

Crust profile. typical.of .development .along. the.northeast .coast.. ..

A series .of .hard, .irregular, .calcareous .crusts.(c¢), -underlain by... .. ..

original brecciated .limestone..fragments.(h), .and..separated by .car-.
bonate with abundant coated particles (p). . (Sample RB1l.B5).

Well-lithified, Pleiétocene_caléilutite“(83,000"year.old) brecciated . .
in the caliche profile with .fractures..filled. with brown.carbonate..
and crust developed .in.upper.part.of sample. (Sample RB .CR).

Crust developed .on .60,000.year .old.calcarenites.along .the .northwest. ... ..

coast .(see Plate.29E).. ..The.calcarenite .at.the .base, .composed.of
grains of unstable.mineralogy, .is.directly .overlain.by a.thin.
laminated crust of .tangential needles .and .pelletoids, similar.to
the "laminated microcrystalline .rind" .of Multer .and .Hoffmeister ..
(1968). Material .above.the.crust.is.calcarenite.grains,.of. .un=. ...
stable mineralogy .and .similar.in.composition..to.those .below, .coated... ..
with concentric .laminae .of .brown .calcite .and.numerous micrite.pelle-.
toids. Pelletoids become.dominant towards the top of the crust.
(Sample SB 1G).

Highly fractured .limestaone.between.the .calcareous .crusts.on .the.
northeast coast. .This .material is easily broken by hand and often
crumbles upon touching.. (Sample LCR 1),

A thin, single, surficial .brown .crust developed on well-lithified
older Pleistocene calcarenites. (Sample C51).
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PLATE 24
SURFICIAL. CALCAREOQOUS .CRUST PROFILES
ALTERATION OF ORIGINAL LIMESTONE

Photomicrographs - Plane Polarized Light

Limestone brecciation.  Fracturing takes place both around the
periphery of the Amphiroa fragment, separating it from the matrix, .
and across the grain itself, breaking it into several separate
pieces. (Sample RB CR3).

Microspar brecciation. (Sample LCR 1).

Microspar, a common.component.of . many .profiles,.results from the
recrystallization of Pleistocene.micrite rich.limestones. (Sample

Fragments of brecciated microspar,; such-.as -those illustrated in.
(B), are often coated.with:.a layer.of .fine.brown.calcite, composed
of brown micrite and. tangential..needle.fibres,...Small microspar
crystals can often be seen in the coating,:suggesting it may be,

in part, an alteration rim of.degrading recrystallization. . (Sample

Echinoid fragment, .surrounded by brown micrite.. .The boundary be-
tween grain and micrite.is irregular and diffuse.. -(Sample N4 H).

Enlarged view. of .contact described in.(E), Note. the gradual

- alteration of the single large calgite crystal:: to fine micrite

size crystallites. The ordginal 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 . .

Photomicrogreohs - _flane;Polafized Ligﬁt~

The lentiform.foram. Amphistugina with an.irregular -incomplete. outline.
surrounded .by .a -thick.ceat .of .brown.micritic .calcite. . .The .coating

. .can be divided into two -areas, a dark inner zone, and a lighter outer

zone. - (Sample N4 .H).

4 Enlargementiofuthe;Ampﬁistegina.test:illustrated.in (A).,, showing the’

irregular fuzzy .nature .of. the .contact.between .the brown micrite and

clear caleite .of .the.test. . The .clear .patches..of .calcite. .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 and .that the darker mictite may mark the
original outline of the test.

A fragment of the articulated coralline red algae Amphiroa that
has been extensively bored. .The .remmant .reticulate algal .texture.

.in the centre is the .only remaining clue to the original nature of

the grain. .(Sample WB .2E).

Borings. of the blue-green alga Schizothrix 1n-the intertidal .zone.. . . . .

. .along .the -northeast.coast .shawing .the .slightly..smaller .nature..of the. ..

holes in both calcite 'cement  and Amphiroa. (Sample N4 G).

Rock slabs

Fine grained .calcarenite .in..the .upper .part.of .the..Paorites=Thalassia.. .

.zone in the .83,000.year..cld .reef .complex .with .a .small dark vertical

root tube in.thé centre. .. (Sample LCR.Z). ..
Same zone as in.(E);showinghnumetousqsmall.brownmroot tubes, .many
of which are nearly horizontal. ' (Sample RB CR1l).
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PLATE 26

SURFICIAL CALCAREQUS CRUSTS ' )

MICRITE, RANDOM NEEDLE FIBRES

Photomicrographs

Clotted micrite,plané . polarized light, from.crusts developed on
Pleistocene Key Largo" limestone Windley Key, Florida.

Dense micritic crust limestone composed of numerous close packed
pelletolds, each of which has a thin coating of tangential calcite
needles. Pléne* polarized light. Goulding's Green, Barbados.
(Sample C33C).

Micrite pelletoids with a relatively thick coating of tangential
calcite needles (between arrows). Plané: polarized light. Waites
Bay, Barbados. (Sample WB2 J)

Random needle fibres, cross polarized light, showing. complete lack
of preferred orientation. Waites Bay, Barbados. (Sample WB2 E).

Random needle fibres, cross polarized light. ..River..Bay, Barbados.
(Sample RB C7).

Random needle fibres,pianex polarized. light, .from.calcareous. crust
profiles developed on Pleistocene. Key.Largo.-limestene, -Key Largo,
Florida.
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PLATE 27
SURFICIAL .CALCAREQUS. CRUST PROFILES
TANGENTTAL. .NEEDLE..FLBRES:, . FLOWER. SPAR

- -Photomicrographs

“Iangentiahuneedieuiibresg;crossmpolaxizedwlight,*shpwing-a'general
- alignment. compared:to.the:random:fibres: in Plate.-26.. Waltes Bay,

Barbados. .. (Sample WB 2J).

Tangentialwneedle;fibresg;cross;polarizedalighta;,River:Bay, Barbados.
(Sample RB C3).

‘Contact between Pleistocene .calecilutite.(left).-and.-a.fracture filling

of brown: .calcite.spar. (right)..(see.Plate:23B)....The -tangential needle
fibres are:aligned;parallgl;to_the_fractunezwall.(centre).

Flower spar. .Each calcarenite.allochem-is.rimmed:with.elongate cry-
stals of.calcite.f<Thia:calcite:cement:occurs;as:Qistinct groups of

'crystals:whichﬂradiateiout;from:separate;points:an:the:grain boundary.

Cluff's Bay, Barbados.:. (Sample.C51).

Flower;spar;;;Composed:in;this:ease;efhelengate_c;ystalswof calcite,
growingffrom:é{preexistingtepitaxial;cement;:im;precipitated on an

-echinoid fragment:(léft)g:ICluff!s:Bay;:Barbados;;:(Sample.CSl).

Flower spar.. Cementing.-allochems.in.the.upper part.of.the. Pleistocene
Key. Largo limestone, Key:Largo, . Florida.
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*PLATE 28
SURFICIAL CALCAREOUS - CRUST PROFILES
COATED PARTICLES

Photomicrographs - Plane Polarized Light

Unlithified calcarenite. Each- allochem, still retaining-its original .

mineralogy, is coated with brown calcite micrite. Stroud:- Bay, Barbados.
(Sample SB 1M).

Compound coated particle.. Each.allochem, stillwrétainingfits original
unstable mineralogy is coated with a thin series:of :laminae made up of
micrite and tangentlal. needle fibres. A second, thicker, coat of

identicgal composition.surrounds and joins both coated particles. Stroud
Bay, Barbados. (Sample SB 1C). ‘

Coated micrite pelletolds, .from.the.slab.illustrated.in Plate 23A,

The dark centre:of .each.pelletoid .may.be.a . -micgpitized.skeletal. particle
(see Plate 24E,F,.25A,B).. The.micrite.between-the:larger pelletoids
has a clotted texture.. River.Bay,.Barbados.. (Sample RBl B5).

Coated particles exhibiting .many laminae (bottom.centre)... Stroud. Bay,
Barbados. (Sample SB 1F).’

Coated microspar fragment. .The irregular nature of the .coating
suggests partial micritization.. Waites.Bay, Barbados. (Sample WB 2J).

.Interrelationship-between-crust,and‘coated particles.. .The two grains

in the centre left and extreme centre .right.are .both coated with
laminated micrite and needles. The outer coatings, however, are con-

tinuous with the crust that joins both particles...Stroud Bay, Barbados.
(Sample SB 1C).
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PLATE 29
SURFICIAL CALCAREOUS.CRUST. PROFILES

TUBULES

Photomicrographs — Plane Polarized Light

Ramifying network of tubules. The walls of each’tubulé are comnosed

‘of micrite and microspar. North .Point Shelf, Barbados.{'(Satple ¢15),

Network of interlocking tubules. Northeast coast, Barbados.  (Safiple

WB 2E). The tubules are. continuous with the borings illustrated in
Plate 25cC. '

Tﬁbules,.developed'in'upper meter or so of Pleistocene Key Largo
limestone, Windley Key- Quarry, Florida.

- Tubules, . developed in ‘upper meter or so of Pleistocepe Key Largo

limestone, Gross=KeyﬂCanal;-Key=Largo,.qurida.
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PLATE 30

BURIED CALCAREOUS CRUST PRDFILES

AContact.betweenA104,000_yearmold.Rleistocene,reef.complex;(upperwunit)...
- and 125,000? .year .old.Pleistocene..reef..complex. (lower recessive unit).

(See also Plate 16C), . (Locality FW).

Hard, well—lithified,.calcareousncrust*profileudeveloped“at_the“,__u o
contact.between.the-two.reef~complexes-pictured_in.(A).U_These.buried”.
crusts .and associated.features_indicate.subaerial.exposure.of.the
underlying.125,0002.year.old“complex.to,conditions.similar.to.those.on.
the northeast coast today,prior to.burial by the 104,000 year old.complex. .

Contact between.flatulying_limestones_of.the.104,000 vear .old reef.
complex and dipping-calcarenite.beds.of-an‘older.complex...Arrow.
indicates location .of .slab pictured in (D) (locality M18). - Qutcrop
is 5.8 meters high. o _

Rock.slab .illustrating.dark .irregular bands..developed .in the .upper ..

few feet .of .the .steeply .dipping.calcarenite.pictured.in.(C). .In

outcrop .these .dark bands .cut across bedding and are parallel to the
upper surface. (Sample M18).... ..
Contact.between.Ealmata.zone“of«theu104,000.year.old_reef¢comp1exuand..
underlying.older.cervicornis_zone.of.the.125,0002_year.cld,reef-complex.
Large vugs developed_in,the.upper“few,feet-of_the1under1yingﬁcervicdrnis.
zone pictured .here also .attest .to :the .subaerial .expasure .of..the.lime—
stone prior to .burial.. The vugs.are lined .with brown.calcareous.crusts

and floored with .coated grains. Lens cover is 5 em. in diameter (locality
us). ; . ) ,

Enlarged aréa.of“(E)_illustratiﬁg_fhemirregularities;(arrows) of thervug
linings. Photograph covers an area 16 cm wide.
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PLATE 31-
.. BUREED-CALCAREQUS.-CRUST PROFILES

-»Pﬁetomierogfaphsw-uPlaneﬂPelagized Light

Coeted*ekeletal'grains. Coatings-composed.of-alternatingdlaminae
" of tangential needle fibres. and-micrite. ~The-curved mollusc fragment
is coated with successive:layers: to. form a-circular -particle. - (Sample

M18)

. Coated ‘micrite pelletoids, well cemented with clear calcite spar.

(Sample M18).

Coated pelletoid;:.enlargedrwith:altérnating-laminae- -of tangential

needles - (dark)- and"micrite_(light)~~ (Sample M18). .

~Coated-allochem:  The-~ original allochem: has: dissolved subsequent ‘to -

being coated-and- ‘the : resulting void-has been .filled ‘'with clear.

- calcite. . The- calcite- coating has,.however,. remained- unaffected..

(Sample M18).

Calcareous crust.-aIr:eguiaralamineeAOf;elearacalciteaspa;, (Sample .
FW12). ' o :

Calcareous crust. ‘Horizontal laminae of tangential needle fibres.
(Sample M18). : , .
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PLATE 32

CORAL DIAGENESIS

Acropora palmata, cross—section.of fromd. Long, vertical corallites
(c) are joined .together by a series of horizontal .bars and.vertical
rods, collectively called.the coenosteum. Photo is 1 cm wide.

Acropora palmata,.104,000.year old reef.complex,.illustrating .axial .
alteration. . Note the.calcite.(c) .concentrated .at .the .centre of.the.

coral branch while the aragonite remains- at - the periphery (locality
P25). : .

A'Acrqporaipalmata;“83,000_year;ol&_reef_complex,;iliustrating"dorsale__“““.

alteration. . .Nate.the.crustose.red.algae.on_the. upper . .surface_of.the.
coral which is.directly .underlain by .calcite. The basal .part.of .the
coral is~chalky.aragonite. ..Scale.in cm.. (locality RB).

Acropora palmata,zone,liZS,OOOLyear-old-reef.complex...Thewcoral.fronds

have .been completely .dissolved, .resulting.in .a.series.of .curved.vugs.
(arrows) .in wellelithified_calcilutiten(locality River .Bay).

Cervicornis zone, .104,000 year old reef complex.. Note.the numerous.. .

coral .sticks .that .are..being .dissolved .by .solution around the periphery
of each stick.(locality FW3).

Cervicornis zone, 104,000 year old reef. complex...The.corelusticks”have”
been completely. dissolved resulting .in .a .series .of .holes . in a well- ..

lithified calcilutite,yielding an exposure resembling Swiss cheese
(locality FW1l).
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PLATE 33

' ACROPORA PATMATA

Photomicrographs.

Recent, aragonite,,offshore;weSteranarBados,.plane@polarized*light.
Note the numerous:.irregular pores. . Dark .horizontal.lines._are..the

centre of. calcification. of.separate horizontal trabecula.

Pleistocene, aragonite,.reef facies, 83,000 year old .reef complex,

- pPlane polarized .light. . The..original texture.has been retained.and .

there is a complete.lack of alteration. Dark.horizontal.lines are..
the centres of calcification of separate parallel trabecula, (Sample

' AFD, 4).

Pleistocene, aragonite,mfeef.facies, 83,000 .year old.reef .complex, . .
plane.polarized.light.,LEnlargementnof.Plateu33B.showing.relatively..

dark centres of .caleification. (arrows) .and . aragonite needles radiating
from these .lines. ... (Sample.AFD, A).. S : '

Pleistocene,'chalky:aragonifé;;feef?faciesb_83;000;year-old:reef“complex,u

plane,polarized.light-.wInitial;solutionmof;the.coral-skeleton..uEachn;

centre of calcificaﬁion“hasNbeen@dissolved*andlishnbw:a“linear.white“voidA,.

and the chalky.aragoniteuis“darkerncomparedrtp the :unaltered:aragonite . .
in (C). The darker colour“ié.due»to.internalqreflection.of_the.1ight.
in the minute .pore .space .created .by.solution between the .aragonite
needles (see S.E.M. plate .36).. (Sample L17).

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 trabeduld:(clear irregular white patches, not .labelled) .and
in some cases almost all .of .the original .aragonite .has been .dissolved.

The pore walls, on the other hand, .retain .their .sharp outline indicating
little or no solution. .. (Sample L17). . .

Pleistocene, chalky .aragonite, .reef facies,.83,000.year:old.reef‘complex..
Enlarged area of coral.pictured.in.(E) .viewed under .cross polarized.light. .

The  central part.of.this_trébecula.is,almost.completely“dissolveduand....
the aragonitewsurrounding.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 Polafized Light

Pleistocene, chalky .aragonite, reef .facies, .. 83,000 year .old .reef .complex.
Light material in.upper.part.of thin.section is calcite; dark.material .
in lower part.is.aragonite. .. In the. calcite area, .the.original pore

‘outlines are still retained. .Chalky .aragonite .still fringes many pore

walls, indicating.that replacement took.place.from .the.centre.of.the -
trabecula out.towards;theupore;wall...Aragoniteecalcite.contact.at

. the upper right.(arrow).is similar to that illustrated in S.E.M. Plate

38B. (Sample L15). :

Pleistocene, chclky;aragoniteuahdccalcite,.reef.facics;.104,000"year;old; A
reef complex.".Light"materialqincupperupart.of"thin"sectioncisncalcite;.“..
dark materialuis”aragonite"and;themporesnare,indicated;by“(p).-.Clear.uu_«

calcite is restricted"to;the_interior_ofuthe,trabecula”and;never‘occursmm._..

first.adjacent;to.the"porenwalls*q.In‘the“centre_of_the"plate,"the long, .
thin ribbon of .calcite .follows the original centre of calcification.
(Sample SD 2). o .

. Pleistocene, calcite;"recfnfacies,“104,006_year old‘reef.complex.u;Comr. .
pletely replaced.portion.of .sample.illustrated_in.(b).- The.original. .... . ..

form‘and.sharp“boundaries,of,the.poresnareuretained,"but"the"originalu
dark centre of calcification in. aragonite corals is now a canal of
clear calcite. . .

Pleistocene, calcite, reef .facies, 104,000 .year old .reef complex. En-..
largement of sample illustrated.in.(C). A .clear band.of calcite. is

now in the position.occupied.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).

. MONTASTREA ANNUEARTS

Rock slab illustfating;aﬂpartially.altereduform..hDark_macerialnat"
top is calcite;ulightAmaterialuat.hottom-isuaragonite.‘.PhotomicrOwiA
graph in (F) is taken at contact. Scale in mm. (Sample B25).

Photomicrograph - .Plane Polafizcd Light
Pleistocene, calcite .and.chalky aragonite, .83,000.year old reef.complex.....

Clear material.is.calcitemand;dark.materialnis.chalky.aragonite..uThe.
clear bands of calcite follow the original centres of calcification.
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PLATE 35

SCLERACTINIAN CORAL, ACRORORA CERVICORNIS ...

Photomicrographs ~ Plane Polarized Light

Recent, aragonite, .axial .cross-section, offshore, western .Barbados...

The numerous trabecula.are-well .illustrated, .each.with.a.dark.centre.

of calcification.surrounded.by.light, .fibrous .aragonite. ..
Pleistocene,.chalkywaragonite,“axialﬂcrossﬂseétion,.reef"facies,_83,000..’
year old .reef.complex, .northern.Barbados. ..Dark material .is _chalky .

aragonite. The .long, .linear clear .voids were once occupied by individual
centres of calcification (compare with A). (Sample B21lA 1A).

.Pleistocene, calcite, .axial.cross-section, .reef facies, 104,000 .year. . ... .

old .reef complex, .northern .Barbados...The .canals .of.clear.calcite. were. :
once occupied by .the.dark .centre .of calecification .(compare with.A.and.B). ..
Original pores are now rimmed with calcite spar cement. (Sample FW2 C).

. TABULATE.CORAL, .THAMNOPORA
Upper Devonlan, .Perdrix .and Mount .Hawk .Formations. ..
Mount Haultain, Jasper National .Park, Alberta. ...

(samples.courtesy .J.C. Hopkins
Photomicrographs ..-~. Plane PélarizednLight.

Calcite, axial .cross-section.. .A .canal .of .clear .calcite..occupies the
centre of .each.trabecula . and.the.original .pores .are .now.filled .with. .
a light, late .stage, .calcite .cement.. .Location.= .Section 2, Perdrix
Formation, 44 meters . (Hopkins, 1972).

Calcite, tangential section...A_clear ._calcite.canal .accupies._the.centre.... .
of each .trabecula.and.the main _part.of .the .skeleton.is . composed..of .rad=
axial calcite. . .Pares .are.filled with .pelsparite.(bottom).. Location -
Section 1, Mount.Hawk .Formation, 2 meters from base of Arcs Member
(Hopkins, 1972).

Calcite, tangential .section. . .A .canal .of.clear.calcite .accupies .the.centre.
of each trabecula.and.the main.part .of .the .skeleton.is .camposed.of.rad- ..

. axial calcite.. .The .original coral _pares.are..filled with .microspar.and

late stage, clear.calcite .cement. ..Location.= Section'.l, Mount Hawk .Eorm-
ation, 1 meter from base of Arcs Member (Hopkins, 1972).:

\
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PLATE 36

-ACROPORA- PALMATA .- RECENT

Unaltered coral
- (Living -specimen, . off west coast of  Barbados,-depth 5.meters)
Scanning. electron. micrograph: of. broken. surface .
Centre of trabecula. . The. fine irregular crystallites of aragonite
in thexcentre~ofucalcification,-running from. lower..left.to upper

right, are surrounded#by=closely,packed=bund1e5rof;aragonite.needles.
The fine crystallites.in the.centre: of calcification-are the first

. to be dissolved or recrystallize to- calcite:during alteration. The

small intercrystalline pore spaces-between: these- crystallites (Wain-
wright, 1964) ‘may act as-minute- conduits.for percolating vadose water.

An enlarged view of the.junction between two..bundles. of. aragonite
needles, or sclerodermites, in. the.outer part of the.trabecula.
In this coral skeleton these needles are.tightly.packed and. give
the exoskeleton its dense, rigid structure. Initial solution,
however, acting along the long linear intercrystalline contacts
(see Plate 37), destroys-this dense structure.
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PLATE.37 .........

ACROPORA .PALMATA . ~ PLEISTOCENE .

(Reef facies, .83,000.year.old .reef complex)
Scanning electron micrograph of broken surface
A. Composite micrographuillustréting"partiai,solution"of.a_small .

trabecula in;Acropora;palmata.4.Theutrabecula.is_being.dissolved."..v..
from left to right...Aragonite.needles.on .the far.right .are .un~

affected and‘retain«the"original“smooth,,shiny,"well_packed"texturé;.;";.._
The partially.dissolved.needles.in.the _centre.and_to.the.left, how=.. .. ....

ever, are .ragged, .dull, .and.separated.from.one..another...These.... ...
partially dissolved needles..can .easily .be.broken..and .on a.macroscale
give the coral a.sbfit."chalky". appearance.. (Sample L22 A).

B. An enlargement;of;ﬁheucentral;parﬁ.ofNPlate.A.“"Although.partially__,.".“,

.dissolved, the .aragonite.needles .still .retain_their .original .spatial. .. ..

arrangement. . -Solution..does .not .appear .to .have .cut .across.needles but . ..
occurred.parallel .to. them, .along.the .linear.intercrystalline .contacts. ...

C. Aragonite.from"a"pantially:disaolved:Acrqporaﬁpalmatawfrond;..n
Solution along .the_intercrystalline:houndaries .has separated .the

aragonite needles, .creating a porous, weak, coral structure.
{Sample L17).
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PLATE.38 ...._.._..

' _ACROPORA .PATMATA . — . PLEISTOCENE

SAMPLE L15 83 000 YEAR OLD REEF COMPLEX

Calcite and aragonite

Scanning'electron-micrograph of‘broken surface

. Contact between,calcite,,£1at;blockygcrystals,“and:cﬁalky.aragonite-au..
. £ibrous .crystals.. .Centre.of .photograph.is._a.trabecula.between.two . ... .

pores - (centre.left.and upper right) almost completely altered to
calcite.

Enlargement;of.area.édjécént;to;pdre;wali.ﬁith only .a.rim of ara~-. .
gonite needles bordering.the.pore.wall.left. .The .position.of.this. .
photograph is similar to that illustrated in photomicrograph 34A.

Enlargement .of .contact _between.araganite.(left) .and calcite (right).
Partial solution has _separated.some .of .the.hundles.of .aragonite
needles. .There is,.haowever, _no_evidence .of .a_salution.stage.between.
aragonite and.calcite. _The.spaces between.the.needles.are still
preserved a short way into the new crystal.

L
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PLATE 39

ACROPORA PATMATA ~ PLEISTOCENE

SAMPLE L17, 83,000 YEAR OLD REEF COMPLEX
o Calcite and aragonite

Scanning electron micrdgraph'of broken surface

Contact between. célcite,_flat-blocky crYétals (ﬁbp),'and éhélk&l:‘

fibrous ‘aragonite.(bottom). .. The.fallowing. photographs.are.from
the centre of the trabecula indicated by arrow.

Enlargement of calcite (upper 1eft) and chalky aragonite (1ower
left and right) contact, .

Enlargementtofncontact;at;centre_of:(B);;-Calcite;at.uppér;left:.

. .and .aragonite .at lower_right.. Aragonite .needles_are.enclosed by

-..blocky .calcite . and.a.void, .indicative of partial- solution, does

not occur between them.
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APPENDIX A

PROCEDURE

Field studies on northern Barbados were facilitated by a series of
detaiied topographic maps. All road cuts, quarries, and, where possible,
river valleys and sea cliffs, in the area ﬁere visiteé; @épped and sampled.
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 can be found on the map enclosed at the -back of
.the text. Complete areal ﬁhotographicvcoverage.enabled less obvious outcrops
to be disceined and ‘subtle .trends to be followed laterally.

A total of 300 Pleistocene limestone samples were routinely analysed
by X~Ray diffraction to determine which carbonate ‘minerals were present
(Appendix C). On the basis of field studies. and X-Ray diffraction analysis,
a total of 140 samples, representing the spectrum of carbonate lithologies
encountgted, were impregnated with epoxj rgsin, and thin sectioned. ' The
composition of these sediments was visﬁﬁlly es;imated by cémparison with
grain estimation. charts. Each sample is classified according to the spectral.
subdivision of limeétqne.tvpes proposed by Folk (1959, 1963, 1968) (Appendix
D).

Specific petrographic problems were resolved by additional X-Ray
diffraction analysis, thin sectiqn staining (Friedman, 1959; Windland,
196@), electron microprobe analysis and viewing broken surfaces under a
scanning electron microscope.

Electron microprobe samples were analysed semi-quantitatively.
Standard . carbonate .samples, selected to span the range of elemental com-

position expected, were anélysed for the desired elements by atomic ab-

sorption. These results were checked with values from other studies on
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similar material. Polished thin sections of these gtandard carbonates were
then analysed on the electron microprobe and the relationship bétwegn
counts/background and p.p.m. obtained. For magnesium- content a series of
samples with known.MgC03 content was run.and .a working curve obtained.

A Cambridgevmodel gscanning electron microscope at the Pulp and

?aper Resgearch ABSGCiatiog, Pointe Claire, Quebec, was used to view broken

- surfaces of carbonates up to a magnification .of 8000x.
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APPENDIX B

OUTCROP DESCRIPTIONS

Each locality described and section meaéured is assigned a combination

letter and number code and can be.located on.the large map.in.the'pocket
at the back.of the text.

| If the-first letter of the location is B, then the lécality was in-
vestigated during the»initial»reconnaissange phase of this study. In most
cases, however, the fir;t letter or letters refer to the general.area in
which the locality or sectiog occurs aﬁd aré as .follows:
| Fryer's Well Bay
Alleyndale

.Speightstown
North of Porter's Factory

8G Spring Garden

SH Spring Hall Factory

AF Animal Flower Bay
C Cluff's Bay

M  Maycock's Bay

T

The first number refers to the exact locality described. The letter following
this number, if included, designétes a particular sample or line of sémples.
For example: = SH23 Bl
SH Spring Hall Factory area
23 locality 23 '
B section B
1 sample 1
On the broad, relatively flat, North Point Shelf, most exposures are
in the 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

stratigraphic sections is not possible. Along the barren northeast coast,

however, the entire sequence is exposed and units can be traced laterally

. with ease.

197



T S e ey S s e e g

This appendix is subdivided .into .four .separate sections, representing

different geographic areas .and type of outcrop:

Table 4A Small scattered outcrops on the North Point Shelf and
inland from the northwest coast.

Table 4B .Cliff.aéetions«alengwthe.northnand<nofthwest coast.

Table 4C Intertidal and supratidal sections of the narrow 60,000
yr. old fringing 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
'babkﬂréeflfacies. North of River Bay, however, the sea
cliffs are almost exclusively massive Acropora palmata
and so have not been plotted.
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TABLE 4A

North Point Shelf Sémples

Locality Description

B 1 Scattered M. annulax;is, and Diploria in calcarenite.

B 3 Well lithified calcarenite with numerous M. annularis and M.
: cavernosa. . -

B. 4 - Calcarenite with.numerous Rhodolites.

B 5 Cross—laminaté_d‘calcarénite' (also M 51).

B 6 Scattered A. palmata in calcarenite.

B .7 Scattered-A. palmata in calcarenite grading eastward into
: P. Rorites in calcarenite. .

B 10 Conglomerate composed. of well lithified calcarenite clasts
. in poorly lithified calcarenite.

B13  Second High CLIff. Well 11thified calcarenite.

B 14 Scattered A. palmata in calcarenite.

B 15 Pp. Ebrites in calcarenite.

B 16 A. cervicornis in calcarenite.

B'lﬁ A. cervicornis in calcilutite.

B 18 Calcarenite with widely- scattered A. palmata.

B 19 P. porites in calcarenite.

B 20 A. cervi:cornis in calcarenite. ~

B 22 A. palmata in calcarenite.

B 24 Calcarenite with numerous Strombus.

B 27 Rhodolite calcarenite.

RB CR Mé.ssive P. porites in calcarenite grading eastward into

A. cervicornig in calcilutite.
L CR

Massive P. porites in calcarenite.
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Description

AF 25 Interbedded P. porites and A. cervicornis in calcarenite.

AF 26 Interbedded P. porites and.A, cervicornis with scattered
Diploria and M. annularis. in calcarenite.

AF 27. A. .cervicornis in calcilutite.

AF 28 'Scattered;é, palmata and A. cervicornis in calcarenite.

AF 29 . ..P. porites in calcarenite.

AF .30 A. cervicornis in calcilutite.

AF 31 P. porites grading seaward.to é,ugalﬁata. -Interbedded with
P. porites are numerous .Siderastrea, Solenastrea, small
Montastrea, bivalves and.numerous Strombus.

AF 33 Scattered A. palmata in calcarenite.v

AF 34 Large .area .of P. porites -in .calcilutite with. scattered M.
annularis that grades seaward to A. palmata.

AF 35 ‘M. annularis .in pipe .growth form.and scattered A. Eal mata in
‘calcarenite.

AF 36. .P. porites .in calcarenite.

AF 37 -P. porites with scattered M. annularis in pipe growth form
in calcarenite.

AF 38 Scattered A. palmata in calcarenite. Occasional lenses of
P. porites in calcarenite.

AF 39 P. porites in calcilutite. T

AF 40 P. porites in calcilutite.

AF 41 Amphistegina calcarenite.

AF 42 = Amphistegina calcarenite.

AF 43 Diploria and M. annularis in.very well lithified calcarenite.

AF 44 Scattered A. palmata in calcarenite.

sG 1 Crustose red algal limestone overlying conglomerate at the top
of poorly lithified Scotland Formation sandstones.

8¢ 2 Diploria and M. annularis in very well lithified calcarenite.

sG 3 Very well 1lithified calcarenite.

SG 4 Amphistegina calcarenite.
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Locality Description

SsG 5 . Amphistegina calcarenite. .

SG 6 Small rounded heads.of .P. .astreoides .and Siderastrea with
scattered .large Strombus in mottled .calcarenite. '

‘56 7 Scattered A. palmata grading eastward to calcilutite similar
to that described in SG 6.

SG 8. Scattered Strombus .and small Siderastrea in mottled calcarenttes -

SG 9 . Amphistegina calcarenite.

SG 10  Very well lithified calcarenite.

SG il Conglomerate. Clasts dominated.by. Amphistegina .calcarenite
and very well lithified calcarenite.. Matrix unlithified cal-
carenite.

SG 12 Identical to SG 11.

'§G 13 g,.annﬁlaris,andeiplorié.iﬁ véry.wellulithified calcarenite.

SG 14 Conglomeraté. Matrix unlithified calcarenite. Clasts very
well .lithified calcarenite.

8G 15 -P. porites.in calcarenite.

$8G 16 P. porites..grading westward .to .scattered. A..palmata in cal-
carenite. .

SG 17 Scattered A. Ealmafa in calcarenite.

SG 18 Perched boulder of well lithified calcareniﬁe.

SG 19 Conglomerate with clasts.of 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 Well lithified calcarenite.

SG 23 Scattered A. Ealmata in calcarenite,

SG 24  Well lithified calcarenite.

- 8G 25 Cross laminated calcarenite (beach facies?).

SG 26 M. annularis and Diploria in calcarenite.

SG 27. Well 1ithified calcarenite.
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Locality Description
SH 1 . .M. annularis and M. cavernosa.in very .well lithified calcarenite.
SH 2 M. annularis.and ‘M. cavermosa in very well lithified calcarenite.
SH 3 ..yﬁ.annularis.anQng cavernosa.in. very well lithified, mollusc-
.. .rich, calcarenite.
SH 4 ‘M. annularis.and .M. cavernosa in.very.well lithified calcarenite,
SH S Well lithified.calcilutite.
SH 6 Very well 1lithified crustose red .algal .limestone overlying un-
lithified Scotland. Formation..sandstones.
.SH. .7 .. AVeryuwell.1ithified~crustosewred_algal limestone.
SH 8 Very well lithified .crustose red. algal. limestone.
SH. 9 | Very well lithified crustose red algal .limestone overlain by
--conglomerate made up of well lithffied calcarenite clasts in
unlithified .sandy calcarenite matrix.
SH .10 Very well lithified crustose red..algal. limestone overlying
unlithified.Scotlananormation.sandstones.
.SH .11 = Second High.Cliff. M. annularis.in.well. lithified calcarenite.
SH 12 Second High.Cliff,-zg.uannularis‘and.Digloria thickly encrusted
with crustose red .algae in a very.well lithified calcarenite.
SH 13 M. annularis .and .-Diploria.in well.lithified calcarenite.
SH 14 M. aﬁnularis‘andHDiploriavandqg,,cavernosa‘in well lithified
calcarenite. )
SH 15 Very well lithified.crusfose red-algalplimestone‘overlying
Scotland .Formation sandstones containing several large boulders.
SH .16 Widespread very well. lithified .crustose red algal limestone.
SH 17 Amphistegina calcarenite.
SH .18 Very well lithified crustose .red algal limestone containing
numerous Amphistegina.
SH.19 Amphistegina calcarenite.
SH.20.. Very well lithified crustose .red algal .limestone overlying
: Scotland Formation sandstones.
..SH 21. Amphistegina calcarenite.
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Locality - Ikescription

SH 22 Well lithified calcarenite,urichwinquEhistegina.

SH 23 Unlithified Scotland Formation sandstone.

SH 24 Well lithified calcarenite with .numerous M. anmmularis and

....... M. cavernosa.

SH 26 uScotland~Formation<sandstonesmoverlain:by"auconglomerate made
up of sandstone clasts in calcilutite matrix. capped by very
well lithified crustose red algal limestone.

SH 27 AmEhistegina calcarenite rich in .crustose red algae.

SH 28 Well lithified calcarenite.

SH 29 Crustose red algal limestone,overlying.unlithified Scotland
Formation sandstones.

SH 30. Crustose.red algal‘limestoneuoverlying.unlithified Scotland
Formatiqn sandstones.

SH 31 Scotland Formation sandstones .overlain by conglomerate of
clasts made up of Scotland Formation sandstones. Conglomerate
overlain by very well lithified crustose red algal limestone.

SH 32  Scocland Formation sandstones.

SH 33 Scotland Formation sandstones .overlain.by very well lithified
crustose red algal limestone. ’

M 15 Scattered A. palmata in calcarenite.

M.16 M. annularis and Diploria-in calcarenite.. . Coral heads dis-
appear northward.

M 17 Rhodolite calcarenite.

M-18, Well laminated calcarenite diuping_309-west,‘overlain by
flat-lying calcarenites rich in small coral .heads. Upper
part of steeply dipping calcarenite contains numerous horizontal
fossil calcareous crusts. .

M 19 Rhodolite calcarenite.

M 19a Rhodolite calcarenite.

M 20 Amphistegina calcarenite.

M 20a Very well lithified calcarenite with numerous.Amphistegina;
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Locality Description .
M 21 Rhodelite calcarenite. ‘
M 22 Very .well lithified A. cervicornis calcilutite, corals dissolved.
M 23 Poorly lithified calcarenite rich in Rhodolites overlying the
A. cervicornis lithology described in M 22,
M 24 Numerous M. annu;aris in pipe growth form in calcarenite.
M 25 Very well lithified A. cervicornisvcalcilutite, corals dissolved.
M.27 M. annularis..and Diploria.in.well.lithified calcarenite overlain
. by Rhodolite calcarenite.
M 28. Scattered A. palmata interbedded .and .overlain by banks of P.
s porites in growth position.
M .29 ‘Massive banks of P. porites in.growth position.
M 30 Scattered ‘A.. palmata.and.banks.of P. porites.
M 31 Fine grained calcarenite.
M .32 Rhodolite calcarenite. v
"M 33 ‘ yg.annularisuin.verynwell.lithifieducaicarenite overiain by
Rhodolite calcarenite.
M 35 Scotland Formation mudstones and siltstones overlain by very
well lithified crustose red :algal limestone.
M 36 - Amphistegina .calcarenite.
M 37 -Scotland -Formation -mudstones .and siltstones.
M 38 -Scotland Formation mudstones and siltstones overlain by very
well lithified crustose red algal limestone. Contact between
. the two dips eastward.
M 39 M. annularis in very well lithified calcarenite.
M4l Amphistegina calcarenite.
M 42. ‘M. annularis .and. M..cavernosa.in.well .lithified calcarenite.
.M .43 ‘M. annularis.and-M. cavernosa in well lithified calcarenite.
M 45 Scotland Forﬁation sandstones overlain bv.-well lithified crustose

red algal limestone in turn overlain by well lithified calcarenite.
Contacts 'dip northwest.
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Description

Locality
M 46 M. annularis and M. cavernosa in well lithified calcarenite.
M 47a Amphistegina calcarenite.
M 47b Amphistegina calcarenite with numerous mollusc fragments.
M 48 Amphistegina calcarenite.
M 50. Amphistegina calcarenite.
C 28 Very well 1lithified crustose red algal 1imestone..
C 50 Amphistegina calcarenitef
C 51 Amphistegina calcarenite.
C 56 g,lgorites bank .and scattered .A. palmata in calcarenite.
" FW él A. cervicornis in veryrwell lithified calcilutite. Corals
mostly dissolved. . ‘ _
FWw ‘2 A. cervicornis in very well lithified calcilutite. Corals
{ mostly dissolved.
W 3 A. cervicornis and scattered M. annularis in calcarenite.
FW 4 A. cervicornis and scattered_A. palmata in calcarenite.
FW 5 _A. palmata in calcarenite. B
FW 6 Numerous overturned heads of M. annularis and Diploria in
calcarenite.
FW 7 Calcarenite.
FW 8 Calcarenite.
W 9 Calcarenite with scattered P. porites and A. cervicornis.
FW 10 Calcarenite.
FW 11 Cross laminated calcarenite.
FW 12 Cross laminated calcarenite overlying highly weathered, receséive
' unit of Diploria and scattered M. annularis in calcarenite. The
upper part of the lower unit exhibits fossil calcareous crusts.
FW 20

Cross laminated calcarenite.
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Locality . : Description :
" FW 21 M. annularis and Diploria in well lithified calcarenite. ?
W 22 M. annularis, M. cavernosa and Diploria in well 1ithified i
‘calcarenite. !
FW 23 M. annularis, M. cavernosa and Diploria in calcarenite (very E
weathered outcrop) . :
FW 24 M. annularis, M. cavernosa .and. Diploria in well lithified ?
‘calcarenite. ‘
FW 25 Well lithified calcarenite with occasional coral heads and
: ' A. cervicornis sticks.
FW 26 | A. cervicornis in well lithified calcilutite. Coral sticks
often weathered out. '
FW 27 = . A. cervicornis in well. lithified calecilutite,.coral sticks often
- dissolved. ‘ '
FW 28 Calcarenite.
FW 29 Calcarenite. i
FW 31 Calcarenite. |
FW 32 Calcarenite. %
FW 33. A. cexrvicornis and scattered P. porites in calcilutite. %
FW 34 Calcarenite. i
A 1 M. annularis in pipe growth form.in .calcarenite (well 1lithified). f
A 2 Scattered A. palmata in calcarenite.
A 3 Cross laminated calcarenite.
A 4 Well lithified calcarenite.
A 5 | Well lithified calcarenite.
MA 1 M. annularis in pipe growth form surrounded by well lithified
calcarenite.
MA 2 Calcarenite with occasional coral heads and A. cervicornis.
MA 3 Cross laminated calcarenite.
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Locality Description
MA 4 Calcarenite.
MA. 5 Calcarenite.
MA 6. A almatanin.calcarenite grading.westwardaint0£A.Hcervicornis
=2 =rr==fvicornig

.in.calcilutitewand.calcarenite.

S 1la . Calcarenite with occasional P..porites,. -M. annularis,
Diploria and numerous bivalves.
S 1lc A. Eaimata.in calcarenite.
SD 2  §. palmata in calcarenite.
S. 14 A. cervicornis in calcilutite,
= ==Ivicornis
SO 1 A. cervicornis in calctlutite.
=+ Z=-Vvicornig
s 2 . Crogs laminatedq calcarenite. overlying“éf~cervicornis in
.calcilutite. A.cervicornis . grades westward to A. palmata.
. —=—=2=0Inls £. pa.mata
s 3 -ég.cervicornis‘in.calcilutiteuoverlyingméfugalmata in cal-
carenite. _ o
5 4 . M. annularis.in.pipewgrowthuformwsurrounded:bytcalcarenite.
§..5.  uRoundedgg,~annularis-in.calcarenite.‘
P 1 Scattered A. cervicornis;and“occasionalwsmallucoral heads in
' calcarenite.
P 2 Scattered _A. cervicornis, small. coral. heads .and several Strombus
in calcarenite.
P 3 Scattered A. cervicornis in éross.laminated.calcarenite.'
i =s Z=ovicornis
P 4 M. annularis in pipe .and. encruating»growthuforms.surrounded
by well 1ithified calcarenite.
P 5 A. palmata in well lithified calcarenite. Corals dissolved.
P 6 Scattered M. annularis and A. palmata in well lithified calcarenite.
P 7 A. palmata in calcarenite that grades westward to A. cervicornis
a8 =~ LZEfvicornis

in calcilutite.

P 8 M. annularis and M. cavernosa in well lithified calcarenite.
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Locality Description

P 9 Scattered A. .cervicornis in calcarenite overlying A. Eélmata
and M. annularis in calcarenite.

P 10 Massive .M. annularis in pipe .and encrusting growth forms and
-scattered A. palmata.in .calcarenite. :

P11 Rhodolite .calcarenite with .scattered. encrusting M: annularis.

P12 A. cervicornis in calcarenite.

P 13 Scattered A. palmata. in calcarenite grading westward into
extensive A. cervicornis in calcarenite. Large overturned
M. annularis and Diploria at westernmost portion of exposure.

P 14 A. palmata in calcarenite grading westward into _A. cervicornis
in calcarenite.

P 15 M. annularis and Diploria in calcarenite with numerous bivalves.

P 16 Calcarenite with occasional A. palmata.and A. cervicornis.

P 17 ‘M. .annularis in both pipe and encrusting growth forms grading
westward. into Rhodolite calcarenite.

.P 18. A. palmata in very well.lithified. calcarenite.. Coral dissolved.

.P 19 . Rhodolite calcarenite. overlain.and. interbedded with massive
encrusting M. annularis.

P 20 Conglomerate of very well lithified calcarenite clasts in
unlithified calcarenite matrix.

P 21 A. palmata in calcarenite. grading westward.into ‘A. cervicornis
in calcarenite.

P 22. A. palmata in calcarenite grading.westward.into A. cervicornis.

P 23 Conglomerate of very well lithified.calcarenite clasts and
A. cervicornis sticks in.poorly .lithified. calcarenite.

P 24 Coral.heads.in .calcarenite. (very .poor outcrop) .

P 25 A. palmata in calcarenite grading westward .into ‘A. cervicornis
in calcilutite.

P.26 Conglomerate composed of coral heads .and well .1ithified pieces
of calcarenite in a poorly lithified matrix.

P 27 Scattered A. cervicornis, small M. annularis and P. astreoidesg
in calcarenite.

P 28

A. palmata in calcarenite grading westward.into A. cexrvicornis
in calcarenite.
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- 'TABEE 4B

Cliff Sections Along Northwest Coast

Section Location Elevation.(m) Description Thickness (m)
M 53 Maycock's. Bay . 0- 6 Covered : 6
6-34 A. palmata.in calcarenite 28
M 51 Maycock's Bay 0- 6 Covered 6
6-34 A. palmata.in calcarenite 28
M 50 Mother's Day 0- 4 Covered 4
Bay
4-12 - A. cervicornis in calcilutite 8
12-13+- ' ..Covered 1
13-17 A. palmata in calcarenite and |
terrigenous sand 4
17-25 A. palmata in calcilutite and
terrigenous sand 8
25-34 A. palmata in calcilutite 9
‘Us 1 Greshie  Bay 0-9 Covered T 9
9~15 A. cervicornis in calcilutite 6
15-17 A. cefvicornis in calcilutite.

Weathered with numerous vadose

cavities and calcareous crusts 2
17-20 M. annularis in terrigenous sand 3
20-34 A. palmata in terrigenous sand 14
B 26 Harrison Point 0- 4 M. annuléris, M. cavernosa and
Diploria in calcarenite 4
4-4,5 A. cervicornis in calcarenite 0.5
4.5- 9 Calcarenite with scattered Diploria4.5
9-18 M. annularis, Diploria and A.

cervicornis in calcarenite 9



210
Section - Location. . Elevation (m) . Description Thickness (m)
C 54 . Norse's Bay 0- 7 Covered 7
7-18 Cross laminated terrigenous sand
with abundant P. porites 11.
18-23- Terrigenous sand with abundant .
P. porites and Strombus 5
23-34 P, porites in calcarenite 11
c 53 Norse's Bay: 0- 4 "A. palmata, M.-annularis and
Diploria in calcilutite 4
4-23 Calcarenite 19
23-29 A. palmata in calcarenite. 6
29-35 P. porites-and Strombus in.
calcarenite 6.
C 51 Norse's Bay 0-17 A. cervicornis with minor A.
palmata, .M. annularis and-Diploria
in calcilutite 17
17-20 M. annularis in calcarenite 3
20-35 Partially covered, P. poriteg
in calcarenite 15
C 49 Stroud Bay 0- 4 M. annularis in calcarenite 4
4-11 M. annularis and Diploria with
minor A. palmata and A. cervicornis
in calcarenite 7
11-14 Covered 3
14-17 M. annularis in calcarenite 3
17-18 Covered 1
18-20 M. annularis and Diploria in.
calcareni.te 2
20-26 P. porites in calcilutite 6
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Section Location Eievation (m) Description Thickness (m)

C 48 Taylor Béy. _ 0- 6. A. cervicornis in calecilutite 6

- 6=12 A. palmata in calcilutite 6

12-13 - M. annularig-in calcarenite 1

-13-17- Covered.. (.- annularis) - 4

-.17-23 A. palmata in.calcarenite 6

23-26 P. porites in calcarenite 3

C 46 = Lambert Point . 0= 4. A. cervicornis in calcilutite 4
4~ 7 - M. annularis and Diploria in

- calcarenite 3

7-12 A. palmata-in calcilutite 5
12-15 M..aanularis.and A..palmata

in calcarenite 3

15-20 Covered 5

20-23 M. annularis in calcarenite 3

23-24 A. cervicornis in calcarenite 1

24-29 P. porites in calcarenite 5

C 45 East of 0- 7 A..cervicornis in calcilutite 7

Lambert Point

7-10 Covered 3

10-15 A. palmata-in caleilutite 5

i5~-18. Covered 3

18-22. M. annularis. in calcarenite 4

22-25 Covered 3

25~29 A. palmata.in calcarenite 4
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Section

7212

Location. ..:Elevation.(m). .. Description Thickness (m)
B 23  Stroud-Point 0= 4 M. annularis, M. cavernosa and

- Diploria in calcarenite 4
4— 6 Well laminated calcarenite 2

6—.8 - M. -annularis and Diploria in
. cross laminated calcarenite - 2
8- 9 Cross laminated calcarenite 1

9-12 M. annularis, M. cavernosa and

g Diploria in calcarenite 3
- 12-18 é,.galm#ta in calcarenite 6
C 43 Archer!s Bay 0= & --A. cervicornis-in calcilutite 4
v 4=10- ..M. annularis in calcarenite 6
10-13 A. palmata ‘in calcarenite 3
C 42 Archer's Bay 0- 4 A. cervicornis in calcilutite 4
4- 9 Cross laminated calcarenite 5
9-12 A. palmata in.calcarenite 3
Cc 33 Cluff's Bay. 0- 3 Crustose red .algal limestone 3
3-10 Amphisteginag calcarenite . 7
10-12: Covered 2
12--26 Calcarenite 14

26-28. M. annularis .and Diploria in
calcarenite 2
C 36 Cluff's Bay 0-27 Oceanic Formation, partially 27

covered

27-28 Crustose red algal limestone 1
28-30 Amphistegina calcarenite 2
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Sectiqn Location. . Elevation.(m) . . .. Description Thickness (m)
Cc 23 Gents Bay 0-11 Oceanic Formation 11
11-12 Conglomerate . 1
12-13 Cfustose red .algal limestone 1
13-23 Well bedded .Amphistegina 10
calcarenite
AF 21 - Touce's Point: 0-13 . Calcarenite with scattered M.
annularis and Diploria 13
13-14 M. annularis in calcarenite 1
14-21 A. palmata .in calcarenite 7
AF 20 Jordan's Cowpen 0-10 M...annularis. and. Digloria in
calcarenite : 10
10-10.5 Calcarenite 0.5
10.5-12 M. annularis-and A. pal ta in
calcarenite 1.5
12-23. A. palmata in.calecarenite and

calcilutite 11
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TABLE 4C

Sediments From 60,000 Yr. 0ld Terrace

(See Fig. 18)

Sample Zone Description

N3 A Lapel = Poorly.lithified calcarenite -

N3 B Lapedi Well lithified calcarenite .

N3 Cl1 Crust Well lithified calcarenite

N3 C2. Crust Brown micrite beneath calcareous crust
N3 D Crust- Calcareous crust

N4 A Lapedi Cemented calcarenite

N4 B Lapedi Cemented calcarenite

N4 C .Lapei Small M. annularis

N4 E Lapei Cemented calcarenite

N4F Lapel . Cemented calcarenite

N& G Lapei . Calcarenite overlain by.calcareous crust
Néf% ‘ Crust  Calcareous crust

N4 J Crust Well céhented calcarenite

N4 K- Crust Well cemented calcarenite and calcareous crust
N4 L Older Pleistocene, well lithified calcarenite
N6 Al .Lapedi Small M. annularis'

N6-A2 Lapel Calcareous red algae.

N6 A3 Lapei Calcarenite

N6 Bl Lapei Lithified calcarenite

N6 . B2 - Lapel A. cervicornis and:'calcarenite

N6 C Lapei .Calcarenite

N6 :D. Crust Calcarenite overlain by :calcareous crust
Né E- Crust Calcareous crust
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Sample Zone , Description
N6:F .Crust .Calcareous crust and underlying calcarenite
N6 G- Crust .Calcarenite with many.coated grains overlain by
, calcareous crust
SB1 A Lapei Calcarenite
SBl1 B Lapei Calcarenite with occasiénali4coralé
SBl1 C Laped Calcarenite containing many éoated grains
SB1 D Lapei Well lithified calcarenite with many coated grains
SB1 E Lapei - Calcarenite with many coated grains
"SB1 F Crust ... Calcareous crust
SB1 G Crust lCalcareous crust and underlying calcarenite
SBl1 H Crust Calcareous crust
SBl1 J © Crust Calcareous crust
8Bl K Crust Calcareous crust
SBl L Crust Unlithified calcarenite
SB1 M Crust Unlithified calcarenite
SB2-A Lapedi Caléarenite
SB2 B Lapedi Calcarenite with many coated grains
SB2 C Lapei Calcarenite with many coated grains
SB24D Crust Calcareous crust
SB2 E Crust Calcareous crust plus underlying calcarenite
SB2 F Crust Calcareous crust plus underlying calcarenite
SB4 A Lapedi Calcarenite
SB4 B Lapei  Calcarenite
SB4 C Crust Calcareous crust
SB4 D Crust Calcareous crust
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Zone Description
Cl7 A Lapeil Well lithified calcaremite
Cl7 B Lapei Poorly lithified calcarenite
Cl7 C Lapei .. Poorly lithified calcarenite
Cl7 » Crust Calcareous crust and underlying calcarenite
Cl7 E Crust Calcareous crust.and.underlying calcarenite
Cl7 G Crust Calcareous crust
Ccl7 J Crust Calcareous crust
B33 Lapei Calcarenite
GG 3 Crust Unlithified calcarenite
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APPENDIX C

SAMPLE MINERALOGY

Samples- were analysed on.a Philips-Noreleco X~Ray-diffractometer.
Mounts were prepared by.placing a finely ground powder (less than 125
micra) in a shallow aluminum holder and tamping slightly following the
procedu?g suggested by McCreery (1949). .In general,.the-goniometér was
run befween 25° and 40° 2@, the region in which the main peaks for -carbonate
minerals under discussion are found, at.an.rate of %o per minute.

Mineralogy of all samples is recorded, opposite the sample number and
brief description, in Table 5.. Minerals .abundant.enough:to yield a good’

. diffraction.peak,.well.above background, afe récorded and denoted by a -“+"

sign. Those. minerals.whose main diffraction.peaks.are barely diécernable

from background .are.also.recorded,. but.differentiated by '"tr".
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TABLE 5

MINERALOGY OF SAMPLES STUDIED

60,000.Yx..01ld .Fringing.-Reef Terrace

Sample No.. . Description ..Arag.. . Mg~Cal Cal. Qtz Other
N2 A calcareous crust 4 <+
N2-:B soft caliche carbonate. +
N2 C calcareous crust + tr
N3 A . calcarenite tr +
N3 B . calcarenite + 4+
N3 C . pelleted.calcareous crust +
N3 D. . calcareous crust <+
N&. A calcarenite + + +
N4 B. .. calcarenite + + +
N4 E . calearenite + +
N4 F calcarenite + + +
N4..G .. .calcarenite tr | + tr
N4 J calcareous crust +
.N6 .A. . Montastrea annularis +
N6 A .erustose red algae + +
N6 B calcarenite tr + + tr
N6 C calcarenite tr +
N6 D calcareous crust +
N6 E . pelleted calcareous crust +
N6 F soft caliche carbonate tr + tr
N6 G soft caliche carbonate. + tr
SB1 A calcarenite + + + tr
SB1 B calcarenite tr + + tr
8Bl C . calcarenite with .coated allochems + tr
SRl E crumbly calcarenite + tr
SB1 F pelleted .calcareous. crust + tr
SB1 Gu. calcareous crust tx + tr
SB1 Gl calcarenite + + -+ tr
SBl1 J pelleted calcareous crust tr + tr
SBl1 L calcarenite + +
SBlL M . unlithified. .calcarenite - + + -+ tr
SB1 M = brown carbonate coating allochems +
cl7 A calcarenite + + +
cil7 B calcarenite tr e + tr
Cl7 ¢ M. annularis +
cl7 C calcareous crust tr +
cl7 D calcarenite tr + +
Cl7 E calcareous crust +
cl7 G calcareous crust +
c32 C unlithified .calcarenite . + + tr
C32 E unlithified .calcarenite + +
C32 E ©brown carbonate coating allochems +
GG 3 unlithified calcarenite + +
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83,000 Yr. 0ld Reef Complex '

VOV |

Sample No. Description Arag
AF20 A calcarenite +
AF20 F calcarenite tr + +
AF20 H calcarenite + +
AF20 L grey pelleted crust below A. palmata + +
AFD2 B2 calcarenite + +
AFD2 B3 grey pelleted crust below A. palmata tr + +
AFD2 B4 pelleted (submarine) crust +
AFD2 B5 crustose. red algae & calcilutite tr + +
AFD2 B6 .crustose red algae & calcilutite + +
AFD2 B7 calcarenite tr +
AFD2 B8 calcilutite tr + + +
B21A1 A A. palmata + +
B21A1l B crustose red. algae + tr
B21A1 C calcilutite tr + tr
B21A2 A A. palmata + +
B21A2 C very fine calcarenite + tr
‘B21A3 A A. palmata + tr +
B21A3 B very fine calcarenite + +
B21A3 D crustose red algae +
B21B1 A A. palmata tr +
"B21B1l B calcarenite +
B21Bl: C calecilutite + tr
B21B2 C calcilutite + tr
B21Db1 A A. palmata + tr
B21D1 B Crustose red algae +
B21D1 C Calcilutite B tr + tr
B21AB1 Calecilutite tr + tr
B21AB2 Calcilutite + +
B21AB3 Calcilutite + +
B21AB4 Calcilutite +
B21AB5 Calcilutite +
B21D 4 Calcilutite + -
B21D 5 Calecilutite + .
RB1 Al M. annularis + +
RB1 A2 Very fine calcarenite +
RB1. A4 Chalky calcareous crust + +
RB1 Bl Calcarenite + +
RB1 B1(2) Calcarenite tr +
RB1 B3 Calcarenite tr +
RB1 D1 Calcilutite + tr
RB1 D2 A. palmata + tx
RB1 D3 P. porites.&.calcareous crust + +
RBl D5 Pelleted calcareous crust +
RB1 A3 Calcarenite tr +
RB3 Al Calcarenite + +
RB3 A2 Calcarenite + tr
RB3 A3 Calcilutite + +
RB3 Bl Calcilutite + +
RB3 B4 Calcarenite + tr

M§-Cal _Cal -Qtz Other
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Sample Noi...........Description. ... .. - -Arag...Mg=Cal. .Cal 0tz Other
RB3 Cl1 calcarenite . + +
RB3 C2 calcareous crust tr + tr
RB3 B3 calcarenite +
RBD 1A calcilutite + +
RBD. 1B calcilutite + . +
RBD..1C .pelleted. Cru8L--On.-A.-. cervicornis + tr
RBD:2. .calcilutite , e + o+
RBD 3. .calcarenite + +
RBD 3 pelleted: crust .(submarine) + +
RBD 3(1) pelleted -crust.below. A. palmata + + +
RBCR 1 brecciated.calcilutite &

. caliche. carbonate . tr +
RBCR 3 brecciated calcilutite &

.caliche carbonate tr +
RBCR 4 pelleted.submarine crust
~around._A...cervicornis +

RBCR 5....calcarenite - + +
‘RBCR..7......calcarenite + tr +
B25.A... --M.. annularis +
B25 B.. ... calcilutite +- +
B25 C. .. P. porites.and. calcilutit:e. +
B25 D... ... calcaren:!.te + tr
B25.El. . calcarenite + tr
B25.E2 ..Diploria. strigosa- tr + tr
B25 .G .calcilutite + tr
B25 H1l. . M..annularis +- +
B25 H2 .. crustose.red. .algae.&. calcarenii:e + tr
B25 K calcarenite : + . tr
B25 N. A. palmata tr + +
B25 01 calcilutite + ty
B25 02 calcilutite + tr
B25 P calcarenite tr tr + tr
B25 Q P. porites + + tr
B25 R crustose red algae + tr
B25 T calcllutite + tt
WB5 D1 . A. palmata + tr
WB5 D2 calcarenite +
WB5 D3 crustose red algae & .calcarenite + -+
WB5 D4 . .calcarenite <+
WB5 E1. A.. palmata + tr
WB5 E2. calcarenite + +
WB5 F1 calcarenite + +
WB5. F2. M. annularis +
WB5 G1 A. palmata + tr
WBS G2 calcarenite + +
WB5 H1A A. cervicornis -+
WB5 H1B calcarenite + + tr
WB5 H2  A. palmata + tr
WBS5 J calcareous crust tr + tr
WB5 K1 Strombus & calcarenite + tr
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. Description Arag . .Mg-Cal Cal Qtz Other
WB5 K2 . calcareous crust +
WB5 X3 .calcareous crust tr + tr
WB5 K4 calcareous crust tr + tr
WB5 K5 = calcareous crust +
WB7 .-Al calcarenite + tr
.. WB7.-A2 _A. palmata +
.. WB7-A3 .Diploria + tr
WB7.Bl1 . A.. cervicornis + tr
WB7 B2 Calcarenite + <+
WB7 C2. Calcarenite + tr
WB7. D1 Calcarenite -+ tr
. WB7..D2. .A. palmata + tr
WB7 D4 Calcarenite + +
WB7 El1 Calcarenite + +
WB7 E2 A. palmata + tr
WB7. E3. .M..annularis + tr
WB7 K3. Calcareous crust tr +
L3 Calcilutite. (clast) +
L6 Sand + +
L7 Sand tr + Feld.
L8 . Sand + .. + Feld.
L1l5 Calcarenite + + ’
L.16. . Caleilutite + + Feld.
L16.C Calcarenite + +
L19 Calcilutite..(white mottle) . + +
L19 Calcilutite. (white mottle) + +
L19 Calcilutite (white mottle) + +
L19 P. porites & calcilutite tr + tr
L1l9 Brown.sand tr +
L20. Calcarenite -+ tr
1.20. .Calcilutite + +
L22 A Calcarenite + +
L22.B Calcilutite + tr
LCR 1 Crumbly caliche carbonate +
LCR 2 Crumbly.caliche carbonate +
LCR 5 Calcarenite + + tr
LCR 7 calcarenite & calcareous crust +
GC .Al .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 + +
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Sample No. Description Arag Mg~Cal Cal Qtz Other
B6 calcarenite + +
B8 calcarenite tr + +
Bl4 A A. palmata + tr
B1l4 B calcareous crust +
Bl4 C calcarenite , + tr
B15 A P. porites & calcareous crust + tr
B15 C caliche carbonate tr + tr
Bl6 A. A. palmata + tr tr
Bl4 D calcarenite . + + tr
B1l6 B calcarenite +
B17 C calcarenite tr -+ tr
B17 D A. cervicornis +

104,000 Yr. 0ld Reef Complex
P25 A calcarenite -+
P25 B calcarenite tr +
P25 C calcilutite <+
P25 D calcilutite +
P25 E calcilutite <+
P25 F calcilutite +
P13 calcarenite - tr . +
SD 1 calcilutite +
Sh 1 calcilutite +

" 8D 2 calcarenite ‘ tr +
SD 2 calcarenite +
S1 A calcarenite +
S1 B caleilutite +
sS1 C calcarenite tr +
S1D calcilutite +
FWl A very fine calcarenite + tr
FWl B A. cervicornis -~ +
FW2 A very fine calcarenite +
FW2 B very fine calcarenite +
FW2 C A. cervicornis tr +
FW3 A very fine calcarenite +
FW3 B A. cervicornis tr +
FW4 B A. palmata + +
FW4 D very fine calcarenite + +
FW7 A calcarenite + +
FW7 B. calcarenite tr + +
FW8 calcarenite tr + +
FW9 calcarenite + +
FW1l0 A calcarenite +

"FW10 B calcarenite + +
FW1l- calcarenite + +
FWl2 calcarenite + +
FW33 calcilutite + +
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Sample No. Description. ... .. - .. Arag.. Mg—-Cal :Cal. Qtz Other:
USl A .sandy.calcarenite. + + Feld.
Usl-B sandy.calcarenite + +
FHD 1 sandy calcarenite + + Feld.
FHD 2 sandy calcilutite + . + Feld.
FHD 3 calcilutite + tr
B26.A calcarenite + tr
B26 B- ‘calcarenite +
B26..C :M. annularis + tr
B26 C Diploria + -+
.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. palmata + tr
B23 B calcarenite tr + tr
B23 C .P. astreoldes +
B23 C calcarenite +
B23 D calcarenite - + +
B23 E calcarenite . + +
B23 F M. cavernosa + tr
. B23 G M. annularis tr +
B23 H calcarenite tr + tr
B23 J A. palmata + tr
B4 C. calcarenite + +
B27 calcarenite +
B28 A. calcarenite + +
B28 B calcarenite -+ -+
B30.A calcarenite + tr
B30 B calcarenite + tr
B32 " calcarenite tr - + txr
M17 calcarenite + tr
M30 calcarenite + +
M31 calcarenite + tr
M19 calcarenite +
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Sample No, . . Description . . _ .. —.Arag Mg-Cal -Cal Qtz Other

Undated (Older?) Pleistocene Carbonates

B2 A calcarenite +
B3.A .calcarenite +
B3 B . calcarenite .+
-M22: ..calcarenite - +
'SH12 ' calcilutite . +
SG22. . calcarenite'- +
Plio-Pleistocene
. .B10-A:.  Amphistegina limestone +
C32'A° -Phylloid-ralgal limestone " +
M45 B ~Phylloid:=algal limestone +
. SH26-; Calcilutite: + +
SG9--. -Amphigstegina limestone.. +.
C24°B - Amphistegina limestone +
M41-C. :Amphistegina limestone. +
. M34. -Amphistegina limestone.. +.
SHlO ~Phylleid..algal. limestone . +.
M47 . ..Amphistegina limestone. +
AF42_- - Amphistegina limestone . +
Scotland Formation -
SH10. Sand - tr + (feldspar
SH23. = Sandstone : + (sericite

M45-C-- Sandstone : +. (illite



APPENDIX D (TABLE 6)

SAMPLE DESCRIPTION

Grain
Sample No, Porosity Size . TR Classification.
60,000 Yr..0ld Reef Terrace

N3 B Porous ‘€8, - Amphiroa, coral (a)¥, peneropelid, -rounded, intrabiosparite

N4 F .Porous cs. coraln(v),.penerepplid,.mollusew(v)g.rounded,-intrabiosparite‘

Cl7.A .Porous cs. . Homotrema. (mc), peneropolida(mc)g#rounded;'in;rabibsparite

N4 G m-cs. peneropolid; coral,-Amphiroa, mollusds(a); rounded, intrabiosparite
SB1.B .Porous cs. peneropolid, coral (a);.mollusc*(a), Amghiroa-(mc),'rouhded;’intrabiosparite
SBl G Porous m-cs. peneropolidu(mc),.molluscn(a)fvégghiroa‘(mc), rounded, intrabiosparite
Cl7 B .Porous cs. . 'Homotrema,:mollusc<(v),.égphiroa;iroﬁnded; ingrabiosparite

N4 B. .Poroug vi=~cs. Lithothamnion, .Amphiroa, roqnde#;‘ingrabiosparite

SBl1 C. .Porous cs. coated grain, rounded, intrabiosparite

Sediment Underlying-60,000-Yrﬁ«01dﬁReef Terrace
SBl A Porous m~-£. Homotrema, miliolid, Lithothamnién, ‘sorted, biosparite-
N6 A Porous m-f. Homotrema, .Lithothamnion, softed; bilosparite
83,000 .Yr. .01d Reef-.Complex .~ Palmata.Zone.

AFD2 B3 Porous bimodal cs. Homotreﬁa,&.f. coral-(a),‘unsor;ed, intrabiosparite

AFD2 B4 .Porous m. ' Homotrema, Lithothamnion, coral:(v)., sorted, biosparite.

AF20 1L .Porous cs=m. Homotrema Lithothamnion;~égphiroa;‘unsorted, biomicrite

AFD2 B7a Porous f. coral (v), sorted biosparite

* all constituents are calcite except when denoted as- (a)-aragonite, -(mc) Mg-caleite, or (v) void.
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Grain 3
Sample No. Pgrosity Sigg _ e Tp}aggiﬁéc§5§9n;_ ‘?
AFD2 B7b Porous cs. Amphiroa, mollusc, unsorted biomicrite . §
AFD2 B9 Porous f. coral (v) & (a), sorted biosparite i
B21D 4 Porous bimodal c¢s. Amphiroa, mollusc, Homotrema & f. coral, unsorted, biomicrite ' '
B21B.1C Porous és. Amphiroa,.Homotremé, molluse, unsorted, biomicrite
B25 T Porous cs~f. Amphiroa, mollusc, coral.(a), unsorted, intrabiosparite .
WB5 G2 Porous f. coral (a), sorted biomicrite '
RBD3 C Porous cs. Homotrema,:Amphiroa,.unsorted, biomicrite
RB2. A2(2) Porous M. Amphiroa,.Lithothamnion,-Homotrema,runsorted biomicrite
B21A 2C Porous cs. Amphiroa, Lithothamnion, Homotrema, unsorted, biomicrite
RB3 C1 Porous - m-f. .coral .(a), Amphiroa, mollusc, unsorted biomicrite
B21D- 1C Porous CS. . .Amphiroa,.coral.(a),. Homotrema, unsorted biomicrite
RB3 B4A Porous pelsparite N
B21B 2C Porous vf. Amphiroa,. unsorted biomicrite ®
BZIAB. Porous vE. Homotrema, Lithothamnion, Amphiroa, unsorted,biomicrite.
RB3 D Porous M. Homotrema, Amphiroa, unsorted -biomicrite
RB3 C3 Porous microsparite
B21D AB Porous : micrite & pelsparite .

Cervicornis Zone

RB3 Bl Porous - micrite
B25 . B. .Porous . e8. Amphiroa, mollusc, unsorted, biomicrite
RBD 2(3) Porous £. co;al.(a), sorted, blosparite
RBD 1A Porous €8 Amphiroa, Homotrema, unsorted micrite & pelsparite
RBD 2 Porous sandy micrite




Grain.

Samﬁle_No. Porasity Size .Classification

B21 D. Porous _cs. Amphiroa,. Homotrema,. unsorted, biomicrite

RBL D1(b) Porous M, sandy. Amphiroa,.sorted, intrabiosparite

RBC..4 Porous cs-f. Homotrema, .coral (a), unsorted, biosparite

.Porites-Thalassia Zone

LCR 5 Porous m. Amphiroa, peneropolid, unserted, biosparite

RBCR 6 Porous: -bimodal cs. mollusé & f. coral (a), ﬁnsorted biosparite

B25 D Porous bimodal ¢s. mollusc, Amphiroa & £, .coral (a), unsorted, biomicrite
B25 ¢ Porous m. - Homotrema, coral (a), moliusc, unsorted, biomicrite

B25 E .Porous ‘bimodal cs. mollusc, Amphiroa & f. coral (a), unsorted, biomicrite
RBCR 5 Porous. ~bimedal cs; mollusc & f. coral (a), unsorted, biomicrite

L19 Porous vE. sandy, biomicrite

Bl7 C Porous f. coral (a), unsorted, biomicrite

L13 B Porous cé-vf. mollusc, coral (a), unsorted, biomicrite

B25 Q Porous m. . coral (v}, mollusc (v}, unsorted, biomicrite

RB1 B2 Porous cs-vf; coral (a), mollusc (a), unsorted, biomicrite

"RB1 Bl Porous bimodal es. coral (a), mollusc (a), unsorted biomicrite

RB1 Al Porous bimodal .cs. Amphiroa, coral (a), mollusc (a) & f. unsorted biomicrite
RB1 A2" Porous cs-f. coral (a), mollusc (a), Homotrema, unsorted biomicrite

RB1 B3 Porous cs~f. coral (a), mollusc (a), unsorted, biomicrite

RB3 E5 Porous cs. mollusc (v) & (a), unsorted, biomicrite

RB1 A3 Porous cs. Homotrema, unsorted, biomicrite’

RBL A4 Porous cs. Homotrema, Amphiroa, coral.(a), umnsorted, biomicrite

62¢
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‘ Grain
Sample No. Porosity Size » Classification

-Coral-Knob Zone

L19 Porous f. sandy, mollusc (a), unsorted, microsparite
L.20 .Porous m. Amphiroa, unsorted, biosparite.

WB7 B2 Porous v-cs. algal ball, Homotrema, mollusc (v), unsorted, biosparite
WB7 El1 Porous microsparite

WB7 B7 Porous microsparite

WB7 B2 Porous microgparite

WB7 C2 Porous : microsparite

L19 (2) - Porous f. sandy, mollusc (a), unsorted, microsparite.
L7 Porous vE. sandstone

L8- Porous T sandstone

Llé Porous cs-vf. unsorted, biosparite

Fringing-reef. Facies

SG7 1 Porous cs. Homotrema, Lithothamnion, ursorted, biomicrite
SG7 2 Porous cs. Homotrema, mollusc (v}, unsorted, biomicrite
SG7 4 Porous cs. Homotrema, Lithothamnion, unsorted, biomicrite

Basal Lithologies

GC A2 Porous cs. unsorted biosparite (conglomerate clast)

AF20- F Porous f. - sandy, Amphiroa, unsorted, intrabiosparite

GC .B4 Porous m-£. sandy, coral (v), molluse (v), Lithothamnion, unsorted, intrabiosparite
GC B3 Porous cs~m. sandy, Lithothampion, unsorted, biosparite v

AF20 H Porous m-f. Amphiroa, unsorted, biogparite
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Grain

Sample No. Porosity Size Classification -
AF20 G Porous n-f, sandy, Amphiroa, tnsorted, intrabiosparite
RBS E2 Porous cs. sandy, Amphiroa, unsorted, biosparite
WB5 D Porous £, sandy, Homotrema, Amphiroa, unsorted, biosparite
WB5 E2 Porous bimodal cs. Amphiroa, Homotrema & vf. unsorted, intrabiosparite
L15 A Porous sandstone
L15 B Porous cs. Amphiroa, unsorted, biosparite
104,000.Yr. Old Reef Complex - Palmata Zone
sl C Porous m. Amphiroa, sorted, intrasparite
Sh 2 Porous m. coral, Amphiroa, Homotrema, sorted, biosparite
SD .2 ‘Porous cs. Homotrema, mollusc, unsorted, biomicrite
FHD -1 POIOHS'; sandstone
FHD..2 Porous f. sandy, Homotrema, Amphiroa, coral, yngorted, bibsparite
FHD .3 Porous f-vf. coral (a), packed, intrabiomicrite
Us 1 Poroué 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
P25F Porous bimodal «c¢s. Amphiroa & f. coral, paéked, intrabiomicrite
P13 C Porous bimodal cs. Amphiroa & f. coral, packed, biqmicrite
P13 D Porous bimodal cs. Amphiroa & f£. coral, unsorted, biosparite
Sh1° Porous cs., coral, Amphiroa, packed, biomicrite
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Grain

Sample No. Porosity Size Classification

FWl A _Porous cs. Amphiroa, mollusc (v), sparse, biomicrite |

W2 A Porous m-£., molluse, coral, packed, biomicrite

Back-reef Facies

FW7 A Porous m. sandy, coral (v), mollusc (v}, peneropolid, sorted, intrabiosparite
P15 Porous cs. coral, mollusc, Lithothamnipn,_unsprted, intrabiosparite

M52 Porous m. > Lithothamnion, coralgAsbrtéglﬂinfféﬁiosparite

M52 Porous es. coral (a) & (c), Homotrema, Amphiroa, unsorted, intrabiosparite
M31 ' Porous m. coral, Homotrema, mollusc, Lighgphamnibn, sorted, biosparite
TH8 . .Porous i Lithothamnion, echinoid, sorted, intrabiosparite

FW9 Porous fi sandy, -coral (v), peneropolid, Lithothamnion, unsorted, biosparite
FW30 Porous £. sandy, .coral, Lithothamnion, gorted, biosparite

FW3l :Porous f. sandy, Lithothamnién, sorted, intrabiosparite

W32 Porous £. sandy, Lithothamnion, sorted, biosparite:

S1 B Porous m-vf. coral, Amphiroa, uhsorted, biosparite

S2 B Porous cs-m. coral, ungorted, intrabiosparite

FW10 A Porous cs-f. Lithothamnion, mollusc, echinoid, unsorted, biomicrite

FW33 Porous m-f coral, unsorted, biomicrite

S2 A Porous f. sandy, foraminifera, sorted, intrabiosparite

FW10 B Porous m. Lithothamnion, Amphistegina, rounded,’Biosparite

FW28 . Porous mii. sandy, foraminifera, Lithothamnion, sorted, biosparite

FW20 B Porous m. sandy, foraminifera, sorted, biosparite

FW20 A Porous m. sandy, foraminifera, sorted, biosparite

FW34 Porous m. sandy, foraminifera, sorted, intrabiosparite
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Grain

Samble No. - Porogity Size Clagsification

FWll Porous cs. sandy, Amphistegina, rounded, intrabiosparite

FW12 Porous cS. Lithothamnion, rounded, intrabiosparite

FWl2 A Porous cs. Lithothamnion, .rounded,. intrabiosparite

A3A A Porous £. sandy, foraminifera, Lithothamnion, sorted, biosparite

A3A B Porous cs. sandy, Amphistegina, Lithothamnion, sorted, intrabiosparite
B32 Porous es-£f, Amphistegina, unsorted, biosparite

B32 A Porous cs-f, Amphistegina, Lithothamnion, unsorted, biosparite

M23 Porous cs. Amphistegina, mollusc, Lithothamnion, sorted, intrabiosparite
MI9 A Porous cs-f. Amphistegina, Lithothamnion, unsorted, biomicrite

Plio-Pleistocene Limestone - Phylloid Algal Unit

SH26 Porous sandy, planktonic foraminifera, sparse, biomicrite

SH22 A . Porous crustose red algal, intrabiolithite '

SH22 B Porous cs-f, crustose red algal, unsorted, intrapelsparite

Ci3 A Porous cs-£f. crustose red algal, Amphistegina, unsorted, intrapelsparite
C32 H - cs-£. crustose red algal, planktonic foraminifera, packed, ihtrapelmicrite
M35 B - crustose red algal, intrabiolithite

M45 B - cs-f. crustose red algal, packed, intrapelmicrite

Amphistegina Calcarenite Unit

C25 E - cs~vf, Amphistegina, unsorted, pelbiomicrosparite

SG9 - cs=vf. Amphistegina, packed, pelbiomicrite

C24 B o cs-m. Amphistegina, Lithothamnion, unsorted, pelbiomicrite

c37 - cs-vf. Amphistegina, unsorted, pelbiointramicrospérite

M4l C - cs. Amphistegina, planktonic foraminifera, unsorted, microsparite
M34 - f. sorted, intrapelmicrosparite
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SAMPLE NO.

APPENDIX E TABLE 7
FORAMINIFERA- FROM- OCEANIC FORMATION : - . . :
E B E E B
AT CLUFF'S BAY, NORTHERN BARBADOS - o o < =t S ] { 9
¢ ¢ v o o & & & &
(identified by K. Laborde) a9 9 a 9 3] ] 8 o 1)
Globigerina senni (Beckmann) 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
Globorotalia spinulosa Cushman X b4
Globorotalia lehneri Cushman & Jarvis X X X
Globorotalia centralis Cushman & Bermudez X X
Globorotalia bolivatiana (Petters) X X
Globigerapsis kugleri Bolli, Loeblich & Tappan X X X X X
Globigerapsis index (Findlay) X X X
Globigerapsis semiinvoluta Keijzer X
Globigerinoides higginsi Bolli 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
Catapsydrax cf. dissimilis Cushman & Bermudez X X X X X X
Hantkenina aragonensis Nuttall X X X
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Sample localities for Tertiary Foraminifera
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

All radiometric age dating was carried out at Kanazawa University,

Department of Earth Sciences, under the direction of Akio Omura. In all

230/U234 and Pa231/U235

cases, both Th ratios-were determined on the

material supplied.

.Samples:of coral -were used- for age determination:in all cases except
two, when gastropods were analysed.. Each. sample- was- first checked by
X-Ray diffraction: to. confirm that aragonite was-the-only carbonate mineral
phase present. Thinusectionsvwere~cut.toadiscernmwhether~epitaxi;l aragonite

was ' present in- the pores- and.'if :solution-of the .skeleton: had commenced.

Age  determinations-were- only carried-outnonwthose:skeletensvthat were ex-—.
clusively-aragenitewwith-nOwsecondary~cement-precipitation.

Samples were-.collected from some of the. outecrops-already dated by.
Mesolella and- others (1969)~andrtheseasamples~were—analysed.along with
the-samples‘of-unknownuage.(Tablé.B).u~The~close'agreementfbetween-age
determinations on similar samples by:Mesolella:.and-others (1969) and Omura
(this study) .suggests-.that the remaining recently .determined radiometric
ages -from northern- Barbades can .be..added.to- those. obtained by Mesolella
and -others (1969) to yield an almost complete.chronology of the late
Pleistocene-limestones- on the island. - Radiometric. ages--of the undated
-material,fromunorthernaBarbadosuareulisted»innTable.Q%andneach.sample is

1ocated‘onnthe aceompanying map.
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TABLE -8

.Radiometric Ages .of ‘Late.Pleistocene.Corals From Dated.OQutcrops.on Southern Barbados*

Sample. Material U238 U234:U238 ' Th230:'U234 Paza'l:U235 ThzaoAge PazalAge
L (ppm) (x103yr)- (x103yr.)
B-0C" Ma . 2.94'+ 0.05 1.13 + 0.01 0.530 + 0.010 _ 82 +2
J-0C Ma- 3.02 + 0.06 1.04 + 0.03 0.540 + 0.015 0.817 + 0.031 84 + 2 80+ 2
B-FS Ac 4.12 + 0.08 1.13 + 0.02 0.540 + 0.020 84 + 4
J-FS Ap 3.18 + 0.07 1.08 + 0.03 0.524 + 0.015 0.790 + 0.030 81 + 2 73+ 3
B-FT Ma 2,72 + 0.05 1:11 + 0,02 0.620 + 0.020 104 + 4
J-FT Ap 3.68 + 0.13 1.12 + 0.05 0.628 + 0.009 0,892+ 0.026 107 + 4 105 +5
B~AFZ Ap 3.34 + 0.05 1.10 +£ 0.01 0.620 + 0.020 104 + 4
J-AFZ Ap 3.26 + 0.10 1.08 + 0.05 0.611 + 0.020 0.888 + 0.037 103 + 3 103 + 3
B~ADR Ap 3.74 + 0.05 1,11 + 0.02- 0.700-+ 0.020 127 + 6
J=-ADR Ap 3.31 + 0.06 1,08 +0.03 0.684 + 0.017 0.927 + 0.032 125 + 3 123 +°4

% Samples with prefix "B" are.from-Mesolella and others (1969:Table-1; p. 257);samples with prefix "J"

were collected from the same: outcrop by-James and-dated by Omura:(this study).

- %% Coral speeies:

Ma=Montastrea annularis,

Ae=Aeropera cervicornis,

Ap=Aecropora palmata
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Radiometric Ages:of Previduslyi Undated Samples From Northern Barbados*

TABLE 9

Sample Material U238 0234:U238 Th230=U234 Pa231:U235 Th230Age Pa23lAge
ek (ppm) (x103yr) (xlanr)
GG1-A Pa 3.06 + 0,06 1.09 +0.03 0.442 +0.012 0,742 + 0.024 63 + 2 63 + 2
GG1-B Pa 3.01 + 0.03 1,13 + 0.03 0,436 + 0.012 0.723 +0.025 63 + 2 60 i
GG-2 Cp 0.245+ 0.010 1.15 + 0.06 0.420 + 0.018 0.699 + 0.036 59+3 56 +
SB4-B Cp 0.720+ 0,018 1.09 + 0.03 0.419 + 0.016 0.692 i 0.030 39 + 2 55 + 2
B6-A Ap 3.79 + 0.08 1.08 + 0.03 0.516 + 0.015 0,831 + 0.030 79 + 83 +
B21A-3A Ap 3.76 + 0,09 1.13 + 0.04 0,533 + 0.016 0.836 + 0.028 83 + 83 +
WB7-E3 Sr 3.14 + 0.05 1.13 + 0.02 '0.534 + 0,011  0.823 + 0.020 83 + 8L + 2
W Ap. 3.43 + 0.01 1.08 + 0.05 0.621 + 0.020 0.888 + 0.040 105 + 3 103 + 3
Us-1 Ap 3.83 + 0,08 1.10 + 0.03 0.605 + 0.016 0.862 + 0.029 100 + 3 93+ 3
C-44 Ap 3.96 + 0.06 1.06 + 0.02 0.589-+0.012  0.877 + 0.026 97 + 2 98 + 3
B26~C Ap 2,66 + 0.07 1:14 + 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 sample locations.

*% Coral species

Gastropod

BET

Pa=Porites astreoides, Ap=Acropora palmata, Sr=Siderastrea radiens, Ma=Montastrea annularis

Cp=Cittarium pica
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» Figure 34, Localities of radiometrically dated Pleistocene samples from northern Barbados.
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APPENDIX G
T _ TABELE 10
MINERALOGY: OF~ACROPORA: PALMATA -COLONIES
-IN-REPRESENTATIVE LATE-PLEISTOGENE~REEF SECTIONS .

ON--NORTHERN BARBADOS*

Seetion Age Number Aragonite "Chalk" Transition Calcite
(x103yr) 3z A 2 z

P28 104 48 o 0 26 73 |

SD 2 104 44 2 0 34 64 ‘E
FE1 104 49 e 10. 63 27 |
LFE 2 .104 .35. "535 15 69- 14 |

FH 3 104 24 21. 10 67 4 ‘

AFD 1A 83 50 28- 10 62 0

“AFD 1B . 83 15 53¢ -0 47 0

B21 83 -38 13 0 87 0

RED 3 83 74 7 50 43 0

-RBD.4A - 83 20 25 - 50 25 0

L15 .83 .20 o 10 90 0

122 A 83 24 0 75 25 . 0

122 B 83 26 8 15 77 0

Total 467 107 197 547 187

* See Fig. 35 for location.
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Figure 35. Localities where the mineralogy of Pleistocene
Acropora palmata was investigated in detail.
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"TABLE 11
POSITION -OF-"CHALKY". ARAGONITE OR CALCITE
IN*PARTIALLY&ALTERED~PLEISTOGENE?AGRBPGRArPALMAIA FRONDS -
Seéti@n‘ Number.of = Axial Alteration* Dorsal Alteration¥*
™ ‘Samples

algal no algal ‘ algal no algal
- encrustation encrustation encriiftition  encrustation

-

P28 13 9 0

4 0
SD 2 15 7 8 0 0
lFH 1 31 0 .25 6 0
FH- 2 - 24 4 14 3 3
m3 16 0 16 0 0
AFD 1A 31 1 26 1) 4
AFD 1B 7 0 - 4 3 0
B21 33 0 14 19 0
RED 3 32 9 1 22 0
RED 4A 5 0 5 0 0
115 18 0 18 0 0
L22 A 6 1 5 0 0
L22 B 20 0 16 4 0
Total 251 31 152 61 7

y 4 100 12 61 24 3

* axial alteration - "chalky" aragonite or.calcite located at centre
of fromnd.

*% dorsal alteration - 'chalky" aragonite or calcite located at upper
surface of coral frond,




