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ABSTRACT

Correlation between the various columns of chronostratigraphyon the

EXXON chart has often beenassumedwithout being tested.A considerable
numberof the tie-linescanbe shownto be wrong. As a result one cannotknow
what many of their ‘3rd order cycles’ referto in the stratigraphicalcolumn. In

mostexampleswhere such cyclesof sea-levelchangecan be dated,somebody
elsehasaíreadyrecognisedthem.Mostof their ‘2nd ordercycles’ are suspect.

Paradoxically,current researchshows that changesof sea-level through
intervals of a few million yearsmay havebeensimultaneousin Europeandthe
USA to an accuracyof ±100,000years.

Key-Words: EXXON chart, Brd order cycles,2nd ordercycles,Cretaceous,
custasy,sea-levelchanges,accuracyin correlation.

RESUMEN

En términos generalesse asumela validez de las correlacionesentrelas
distintas columnascronoestratigráficasincluidas en la escalade la EXXON.

Sin embargo,es posibledemostrarqueun númeroconsiderablede éstasno
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son correctas.Como consecuenciade esto es difícil sabercuálesde los ciclos
de tercerordenexisten realmenteen el registro estratigráfico.

Por otro lado, en la mayor partede los casosen los que ha sido posible

datarlos ciclos eustáticos,éstoshan sido reconocidospor otros autores.La
mayoríade los ciclos de segundoordenson dudosos.

Paradójicamente,las investigacionesmás recientesparecenindicarque pa-
ra intervalosde tiempo de unospocosmillones de años, los cambioseustáti-

cos podríanser simultáneosen Europay EstadosUnidos con unaprecisiónde
±100.000años.

Palabrasclave: Curva EXXON, ciclos de 32 orden, ciclos de 2.0 orden,
Cretácico,eustatismo,cambiosdel nivel del mar, correlacióndetallada.

INTRODUCTION

Thereis a longtraditionin religions andmythology of a world-wide flooding

of the land(Dean, 1985). It is now morethan 100 yearssinceEduardSuessput
this on a scientific basis.He noticed that thereweremany regionsof the world
whereUpperCretaceoussedimentsspreadon to much olderrocks.He notedthat

the widest extent of this transgressionof seaon to land was representedby
‘Senonian’ sediments,but becausethe transgressionseemedto have started
during the Cenomanian,he wrote of ‘the Cenomaniantransgression’(1875,Pp.
104-117; 1906, Pp. 289-292).Fewerpeoplenoticed that Suessalso discovered
othertimes in the historyof the Earthwhen sea-levelswereexceptionallyhigh,
e.g. Middle Devonian,or exceptionallylow, e.g. near the end of tbe Jurassic
period. He distinguishedthesemajor world-wide changesas ‘eustaticmove-

ments’,buthealsowrote, ‘A closeexaminationof thestratifiedseriesoftenleads
us to suspectthe existenceof numeroussmalleroscillationswhich are hard to
reconcilewith eustaticprocesses’(1906,Pp. 544-545).

Formany yearsafterSuess’work, ideason sea-levelchangesweredeveloped

from other systems:for a lucid and learnedsummary,seethe essayby Dott
(1992). Local curves for parts of the Cretaceouswere produced,cg. Kahrs
(1927) for the south-westmarginof the Múnster basinin Germany.Underthe
influence of Stille (1924) sea-levelswere always related to tectonics, cg.
Kirkaldy (1939), Arkell (1947),Owen (1971); a eustaticelementwasnot even
considered.As recently as 1976, Hugheswrote, ‘no world-wide pattern of
transgressionsis discernible; they are really better regardedas epeirogenic
‘immersions’ of partsof continentaledgesand thereforeof regionalsignificance

or less’ (1976,p.66).
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The first broadersurvey was by Matsumoto(1967). This remarkablebut
obscurepapahas still not beensuperseded.Matsumoto showedthat the data
demandedthat botheustasyandbroadtectonicwarping mustbe allowedfor if
sea-levelchangesare consideredon a world-wide scale. Happily, Matsumoto

publisheda summaryin Englishin 1977.
In te 1970’s a teamof geologists,led by PeterVail, working for EXXON in

Houston,developeda theoryof relationshipsbetweencyclesof coastalonlapand
offlap of sedimentswhich they related to eustaticchangesof sea-level.Their

cycles or ‘sequences’were divided by unconformities — rather like Suess
consideredthat his eustaticlows correspondedto boundariesbetweensystems.
From an interpretationof the facies in each ‘sequence’andte lateral relation-
ships of thesefacies, it would be possibleto makeallowancesfor a tectonic
interferenceor overprinton the sequenceof facies. Their conceptsare now
usuallycalled‘sequence-stratigraphy’.

The principiesof sequence-stratigraphyhavebeendescribedin Englishmany

times, from the original first fulí accountby Vail et al. (1977) to a readable
summary by Hallam (1992). No attempt is being madehere to repeat these
discussionsof the theory. The valuablereview by Cross& Lessenger(1988)
sometimesshows more insight into the ideasthanare easilyextractedfrom the

papersof theEXXON team.Jervey(1988)hasprovidedafulí theoreticalaccount
of the subject,with beautifulcoloureddiagrams.Obectionsto thetheoryarealso

numerous.Therearethe alí- embracingviewsof Mómer(1976, 1981,1989) who
arguesthat shelf-unconformitiescannotbe explainedin terms of changesin
global sea-levelbecausetheseare affectedby deformationsof the geoid and

differential rotation.Burtone>’ al. (1987)andKendall & Lerche(1988)showthat
the quantitativerelationsbetweensedimentaccumulation,eustasyandtectonic
subsidencecan neverbe calculatedexactly. Criticisms of the sedimentological

theory havebeenmade by Mialí (1991) and of the seismic theory by Neidelí
(1979),or theresolutionof the seismiestratigraphy(Cartwrightetal.,1993).The
biggestgeneralproblemis that thedataandorigin of te EXXON charthasnever
beendocumented,as Mialí haspointedout repeatedly(1986, 1991, 1992),and
Mialí hasalso arguedthat the resolutionof biostratigraphiccorrelationwill be

inadequatetotestthe eustaticorigin of the smallercyclesin the EXXON curves.
We are alí expectedto take te accuracyand reliability of their chadon trust.
Altogethertherehasbeena plethoraof discussionsof the theory. In this paper1
try to seehow far the EXXON chartworks,or doesnot work, in practice.For if
it works,theoreticalobjectionsmustcollapse.If it doesnotwork atalí, weshould
abandonit asa dangerousdoctrine.If it worksin somepartsandnotin others,we

oughtto askwhy.
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Ideally, a distinction should be madebetween:(i) whether therehavebeen

synchronouschangesof sea-levelor not, i.e. is eustasytrue or false, and (u) if
therehavebeeneustaticchangesof sea-level,doessequence-stratigraphyprovide
a reliable techniqueto detect, dateand measurethe changes?To complicate
matters further, there are somegeologistswho recognisesimultaneoussub-

mersionsof widely separatedcratons,but still arguethat theseáre controlledby
tectonicforces’,e.g.Sloss(1991),andbeforehim, Stille (1924).

TIff COLUMNS OF THE EXXON CHART

The EXXON chartcontains27 columns,mostof which arelumped into five
groups.

a) TIME IN MILLtONS OF YEARS

Since many of their changesof coastalonlap only lasted a few hundred

thousandyears,the accuracyof this scaleis important,particularly becausethe
authorsnametheir sequence-boundariesby theseradiometricdates.Their scale
for the Jurassic-Cretaceousis takenfrom datesfor stage-boundariesby Harland

e>’ al. (1982edition,not the 1990edition). 1-faq e>’ al. (1988) themselvesestimate
that the averagelimits of uncertaintyare±3.0m.y. in the EarlyCretaceous,and
+ 1.75 m.y. in the Late Cretaceous.Ihis is badenough,but someparts of the

Cretaceousare evenmore uncertain than tRis. Thus dates for te Iurassic-
Cretaceousboundaryrange from 145.6 Ma. with a possibleerror of 9 m.y.
(Harland et al., 1990) to 130±3 Ma (Kennedy& 0dm, 1982), a differenceof
morethan 15 m.y. — equivalentto aboutthreestagesof the Lower Cretaceous!

Note that this inaccuracyis independentof different biostratigraphicdefinitions
of the boundarybetweenthe two systems.

Although LateCretaceousradiometricdatesare muchbetterconstrainedtan
Early Cretaceousdates(particularly comparedwith the pre-Aptian), an un-

certainyof 1.75 m.y. is nearlyas longasthe Coniacianage(2.1 m.y. according
to Obradovich(in press); 1 m.y. on the EXXON chart).The EXXON teamhad
to plot their dataon somestatedscale,and a publishedradiometric scaleis as
sensibleas any, but onemustnot concludethat it is as accurateasthe implied
resolutionof thechart. If oneusesthe datesto namethe coastalonlap changes,ah
the nameswill haveto be changedas the radiometricscaleis revised.

An exampleof the resultantoddities is tliat the referencedate for the ‘latest
Valanginian’ at 119.0±2.0Ma (Haq e>’ al., 1988,Appendix B) would falí half
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way through the Hauterivian(121 tu 116.5Ma) un the chan.This resultsfrom
using‘best-fit data’. A trenchantcriticism of such laxity hasbeenmadeby 0dm
(1986).TheConiacianstagemay behalfaslongor threetimeslongerthanthe 1.5
m.y. averageof Obradovich(in press)andthe EXXON chan,i.e. 0.75to3.5m.y.
‘This correspondstu a factor of variationof six tu be addedto the authurs’
estimatefor the meanzoneduratiunsin this stage’(0dm, 1986,pl97).

(b) ‘STANDARD

The classificationof the Cretaceoussystemundererathems,systems,series
and stagesis in accurd with the recummendationsof the International Sub-
commissionun Cretaceousstratigraphy(Birkelund e>’ al., 1984).Two altemative
stagesfor the baseof the Cretaceuus,BerriasianandRyazanian,are shown.The
meaningsuf the stagesare discussed,wherenecessary,in tlie nextsection.

(c) ‘BJOCI-IRONOSTRATIORAPHY’

Five columnsare usedhere:‘planktonic forambiochronozones’,‘nannufossil
biuchronuzones’,‘macrufussilbiochronozonesGreat Britain’, ‘ammonuid bio-
chrunuzunes(tethyanregion)’ and ‘dinoflagellatebiohorizuns’.Threeproblems
existhere. (1) Are the zonal divisions widely recugnisable;in particular,can
they be used in regionswhere the sequence-stratigraphyis guing tu be worked

out? (2) Do the zonesin any une culumn currelatecurrectly with the zonesin
otherculumns? (3) Are the duratiunsuf the zonescorrect?For alí criteria, the

EXXON team had set themselvesan almost impossibletask, and thereare
mistakesthat are quantitativelyseriousin alí three.

(i) Recognitionofzones

For the Middle Albian andpanof the UpperAlbian the ammonitezonesfur

the tethyanrealmarenamedafterspeciesof Huplitidae,anexclusivelyoídworld
borealfamily. Onemustsuppusethat the coastalunlap curve is actually based
entirelyun borealevidenceat this time.

Fourammoniteuneshavebeenfitted, with sumedifficulty, into the tethyan
Cuniacian.Thesezonesare from the wurk uf Kennedy(1984) un the Coníacían
ammonitesof France.Mostof this researchwasdonein nurthernAquitaineand

the luwest uf the fuur zoneshas not beenfound in France outsideAquitaine;
whilst the top zune is nut clearly demarcatedin Aquitaine. Three uf the four
generauf the index speciesare also known in the westerninterior of the United
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States,but it has been fuund necessarytu use different index speciesthere
(Kennedy& Cobban,1991).Suchfine local divisiunsun theEXXON chartgive

a spuriousappearanceuf precision.
The ammunite índex used fur their Upper Maastrichtianis Pachydiscus

neubergicus.There is one specimenof P. neubergicus(von Hauer)known frum
the baseuf the UpperMaastrichtian(un thebelemniteseale)in Denmark;and in
Australia there are chrunulugical subspeciesin the Upper Maastrichtian
(Hendersun& McNamara,1984),but P. neubergicusis typically a Luwer Maas-
trichtianspecies,probablypassinginto1’. gollevillensis(d’Orbigny) in theUpper

Maastrichtian(Kennedy,1986). Does this meanthat the Upper Maastrichtian
partsof the EXXON curvesare actuallyLuwer Maastrichtian?

(u) Correlation betweencolumns

It is seldumrealisedby geulugistsat largehow insecuremostzonalsehemes

are,andhow feware the regiunsin which anyune schemehasbeensuccessfully
tested.Paperswith titíes such as ‘Standardof CretaceuusSystem’ (Muller &
Schenck,1943) do uur sciencea disservice.A few years ago a small gruup uf
biostratigrapherswas askedtu producedic standardscaleof the Cretaceuus
system un Earth, along the lines of the EXXON chart, for the use uf
sedimentolugists,tectuniciansand similar geolugists.That such a standarddid
not exist; that pussiblescalesneededdisclaimersof applicatiunand accuracy;

that almust no reliable currelatiunsexistedbetweendifferent scales;alí these
limitatiuns were met with amazement.An exampleuf the current state of
knuwledgeis shuwn by comparisunof expertopinion un different gruupsof
fossils frum uneunit uf a few metresat Tercisin south-westFrancewhich, prior
tu discussiunbetweenthe ‘experts’, rangedfrum Lower Santoniantu Luwer
Maastrichtian(Hancucke>’ al., 1993)! Hence, unly a few examplesuf the
problemscan be taken from the EXXON chartbecausemust of the tie-lines
betweentheseculumnshaveyet tu bepruved.

Every wide-ranging stratigrapherwurking un the Mesozoic meets the
difficulty uf correlatiunsbetweenborealand tethyanrealms.Oneuf the timesuf
particulardifficulty lies aruundthe Jurassic-Cretaceuusbuundary,howeverthat

is defined.TheEXXON chanshowsthe tethyanBerriasianextendingduwn into
the Jurassic,audstartsthe Cretaceuuswith the baseof the Ryazanianstage,i.e.
gives the borealdefinitiunpriurity uvera tethyandefinitiun.Whilst it is probably

correcttuplacethetethyanjacobi-grandisZonewell belowtlie borealRunetonia
runctoni Zone,it must largelybea matteruf faith (seeHoedemaeker,1987).The
currentfluidity uf understandingand knowledgeuf Luwer Cretaceuusammonite
zonatiunscanbe seenby cumparingthreeschemeswhich havebeenpublishedin
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the last few years(Huedemaeker& Bulut, 1990;Hancuck, 1991;Hoedemaeker

e>’ al., 1993).It is nuta criticism uf PeterVail andhiscolleaguesbutanemphasis
un the difficulties with which they are faced.Thus fur the tethyanAptian stage
thereare 11 ammunuidzunesun theEXXONchart. In Huedemaekere>’ al. (1993)

thereare eightzones;only twu index speciesare communtu the twu charts!
Whereassume of the ‘tethyan’ ammonite zonesare actually boreal, the

planktic furaminiferal zunesare tethyan,most of them ‘tropical’, rather than
temperate’— where theremight be an interfingeringcurrelatiunwith a boreal
area(see Caron, 1985, fig. 5). Thus the extinctiun level of Globotruncanita
calcarato,hereplacedat the summit of the Campanian,is known tu be several

milliun yearsulderthan the startof the Maastrichtianasdefinedun te chartby
thebaseuf theZuneof Belemnellalanceolata(‘macrufussilzunesGreatBritain’)
andthe baseuf theZuneuf Acanthoscaphi>’estridens(ammunuidzones,tethyan
regiun, althuugh A. i~ridens hasnutyet beenrecurdedfrum the tethys) (Salaj &
Wiedmann,1989;Schñnfeld& Burnett, 1991;Burnett et al., 1992>. Interestingly,

thishasrecentlybeenconfirmedby eustaticchangesuf sea-level(Hancocke>’ al.,
1992)!

(iii) Durationofhe zones

It is cummunpra9tice,in the absenceuf uthercriteria, tu assumethat zunes
were of equal duration,particularly if they are basedun the samegroup of

urganisms(e.g.Hallam e>’ al., 1986). The EXXON chart fulluws this principle
within eachstage,having chusenthe isotopic datesfur eachstageboundary.
Unfortunately,thisassumptiun— which 1 haveusedmyself— canbe wildly false:
fur example,the numberuf rhythmsin chalk-marl faciesin the Cenumanian
indicate that the Zuneuf Acan>’hocerasrho>’omagensewassumethreetimes as

longastheuverlying Zuneuf A.jukesbrownei(Gale, 1990).
In theTuroniante Zune of Collignoniceraswoollgari is given four timesthe

amuuntuf time alluwedtu theZuneuf Subprionocyclusneptuni,apparentlytu fit
in the fuur subzunaldivisiunsrecognisedfur the woollgari Zunein Tuuraine.

Fur the Campanianequal time is given tu the Zunesuf Offasterpilula,
Gonioteu>’hisquadrataaudBelemnitellamucronata,althoughit hasbeenknown

for sumetime that the luwer twu cumbinedlastedunly abuut3 m.y. cumpared
with 8 m.y. fur te mucronataZone(Ernste>’ al., 1979),a disparitynow increased
(Hancuck, 1991;Kennedya al., 1992).The highestmacrofossilzuneslisted for
the Campanianare actually well below the top uf the stagein the senseused.
Thus, aboyethe Zuneuf Belemnitellamucronatas.s. thereare the Zunesuf
B. minor audB. langel,althoughit is truethattheseyoungerzunesare nutalways
recugnised.But sincethe wurk uf Blaszkiewicz (1980) it has beenknuwn that
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thereare une, pussibly two, ammunitezonesaboye that uf Bostrychoceras
polyplocumandbeluw that of A. tridens.This is the gapuf about2 m.y. between

the extinctiun level uf Globo¿’runcanitacalcarataaudthe appearanceof Belem-
nella lanceolatareferredtu earlier.

AIí thesepresentweaknessesin the.biu-chrunostratigraphyareupentu future
ímpruvement,but it duesmeanthat, fur the time being, in thuseparts of the

cuastalunlap curve, where these inaccuraciesexist, une cannutknuw what
changesin sea-levelarebeingpostulated.Thereare sufficientuf theseprublems
tu make it very difficult, and sometimesimpussible, tu recuncile their
ubservatiunswith thuseuf uther geolugists.An exampleuf such prublemsis
illustrated in fig. 1.

Hg. l —Sea-levelchangesduring the Campanian-Maastrichtian.Thecontinuous line re-
presentsmy own view of the times of the principal peásandtroughs of sea-levelduringthe
latestCretaceous.For the basisandconstructionof this graph,seel-lancock(1990). Thedotted
line represents the EXXON ‘curve’, taking only Iheir peaks and troughs;the horizontal axis is
from EXXON’s radiurnetricscale;thevertical axis assumesthat the height of tbeirpeakaL 72.5
Ma on their scaleequaísmy langeiZonepeak.andthat the depthuf the lateTuroniantrough is
the saíne as mine. The dashed une represents the EXXON ‘curve’, taking their cephalopod
biostratigraphic scale.Sincetheyhaveno represenlationfor thebelemnite Zone of Belemnitella
langeior the ammonite Zones of Didymoc.erasdonezianumand Nostoceraskvatti, thereis agap
In the curve correspondingtu Ibis pali of the biostratigraphicscale. ‘Thereis no simple right or
wrong answer tu each poinr on thesegraphs.Theyhavebeenplottednotjust tu show thatdiere
aredisagreements,but the impossibility of comparingresults unlessoneis working on identical
stratigraphicscales.

Fig. 1.—Cambiosen el nivel del mar duranteel Campaniense-Maastrichiense.La línea
continuarepresentami interpretacióndel momento en el que tienen lugar los principales
máximosy mínimosdel nivel del marduranteel Cretácicotenninal.Paraunadescripciónmás
detalladadel métodoutilizado en su construcción,ver l-lancock (1990). La línea depuntos
representa la “curva” de la EXXON, y en la que únicamente se representanlos máximos y
mínimos. El ejehorizontal corresponde ala escalaradiométrica dela EXXON. El eje verticalse
representa asumiendoque el valor del máximo que se observa a los 72,5 Ma en su escala, es
equivalenteal máximo queapareceenmi Zona langel, y queel valor del mínimo queseobserva
en el Turoniense superiores el mismo que el que aparece en el mío. La línea discontinua
representa la “curva” de la EXXON, dibujada con base en su escalabiostratigráfica de
cefalópodos. El tramo sin datosqueseobservaenestacurvasedebeaqueestosautoresno han
representado ensu escalabioe.stratigráficalaZuna de belerunite Belemnitíellalangeini laszonas
de ammunites Didyrrwcera~ donezianumy Nostocerashyatti. Es difícil determinarcuálesson
los errores y los aciertos decadaunadelascurvas quese representan enestosgráficos.Estasse
han representadono sólo parademostrar la existencia de discrepancias notorias, sino también
para poner de manifiesto la imposibilidad de comparar los resultados,a no ser que se trabaje con
escalas estratigráficas equivalentes.
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(d) ‘SEQUENCE CHRONO5TRATIORAPHY’ AND ‘EU5TATIC CURVES

The EXXON chart agreeswith sume long establishedtrends and widely
agreedchangesin sea-level,e.g.Suessnutedthat therewereextremeluws very

early in the Cretaceuus.Thattherewasa pruminentpeaksumetimeclusetu the
start of the Turunianwas already recugnisedin suuthernEnglandby Hume

(1894)andin thesouth-westpartuf theParisbasinby Cayeux(1897); inthe USA

this was shuwn by Kauffman (1969) and hasbeenmaintainedby him since
(Kauffman& Caldwell, in press).A very strungandrelatively brief falí in sea-

level early in the LateTurunian hasbeenknown sincethe l9th century(Héberí,
1876),andshuwnun many latercharts.

Since their first comprehensivepaperun global cyclesof sea-levelchariges
(Vail e>’ al., 1977), the íearnhaveclaimed that their chartsshuw cyclesof three

urdersof magnitude.It is cunvenienttu discussthe chart in theseterms,even
thoughtheir classificationmaybe an illusion: it is notablethatneitherKauffman
& Caldwell (in press)in North Americanur myself in Europehaveusedany but

the shurtestcycles.

(i) .3rd order cycles

Thefinestcyclesuf cuastalonlap un thechart, i.e. the finest resulutiunusedin
the cunstructiunuf the chart, lasted b m.y. Theseare called ‘3rd urder cycles’.
SinceCretaceousammonitezunes(ur subzones)rangedfrum aruund0.4 m,y. tu

perhaps2 m.y. (Kennedy& Cobban,1976;Hancuck,1991),the 3rd ordercycles
wíll haveaveragedvery appruximatelyunetu twu ammunitezones.Therefure,
whereammunitecorrelatiunscanbe applied,it will be pussibletu testthe reality

uf 3rd urdercycles.

Valanginian.—-At the base of the Valanginian there is a eustatic truugh

recugnisedby buth the EXXON teamandby Huedemaeker(1987),but his next
low is at the baseof theZuneuf HimantocerastrinodosumwhereEXXON has a
eustaticpeak.Sumehuw,Huedemaeker,with his well nigh encyclupedicknuw-

ledgeuf the bottomfuur stagesuf the Cretaceousin south-westEurope,hasnut
noticed the must markedcuastalofflap un the EXXON curve in the Zune of
Thurmannicerasper>’ransiens. This may be becausethey are actually getting

their datafrum different faunalrealms.

Aphan.—Itso happensthat the sequence-stratigraphyof the Aptian andmust
of the Albian uf Kent in south-eastEnglanó,where there is a precisebio-

stratigraphiccontrol,hasbeenstudiedin detail by Hesselboe>’ al. (1990). Their
diagram(fig. 8> cumparingtheir sequence-buundarieswith thoseof Haq e>’ al.
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(1988)shows guod agreement.However, whenthis successionis interpretedin

termsuf sea-levelchanges,difficulties appear.TheirboundaryLG2 currespunds
tu sequence-buundary109.5 Ma uf Haq e>’ al. It is shown at outcrup by the
SandgateBeds resting uncunformablyun the Hythe Beds.Accurding tu the

EXXON eustaticcurve, sea-level wasfalling at the sequence-buundary;it is
shuwn as reachinga eustatic luw in the Zune of ParahoplitesnutJieldíensís.
Sedimentsuf this zone are transgressiveacrussthe stableLondon platfurm,
juining the seaof suuthernEnglandwith that of the Nurtli Searegiun. It seems
difficult tu reconcilethis with a falí in sea-level.

Cenomaman.—Althoughmostuf theEXXON chauis notbackedby recurded
observations,fur the Cenumanianstagewe have nuw beengiven a sequence-

stratigraphicinterpretatiunof anactualarea,namelyfor Sartheun thesouth-west
flank of the Paris basin (Haq e>’ al., 1988, fig. 12). The síage is shown as
cuntainingthreesequence-buundaries,that is strongufflap shurtlyaftera eustatic

peak, at: 95.5 Ma (middle of the Lower Cenumanian,in the upperpart of
Amédro’sZuneof Maníellicerascantianum); 94 Ma (in the Middle Cenumanian
at the junctiun of the Zunes of Acanthocerasrho>’omagenseand A. jukes-
brownei); and93 Ma highin the UpperCenomanian,a little below thetopuf the
Zune uf Me>’oicoceras geslinianum) (radiometrie datesby EXXON). Each

sequence-buundaryis said tu be immediatelyprecededby highstanddepusits
with eustatichighs a little earlier than the aboyedates.Immediately fulluwing

eachdatethereis believedtu bea rapidanddistinct falí in sea-level,of which that
at thebaseof thejukesbrowneiZoneis said tu be the strungest.

Thepersonwith themustknuwledgeof theCenumanianuf the Sartheis Pierre

Juignet(1974, 1977)and,asit happens,Juignethaspublishedhisuwnanalysisof
the transgressive-regressiveliistury (1980). He recognises ‘deux épisudes

transgressifsatteignant leur phaseparuxysmaleau milieu de Cénomanien
inférieuret it la fin du Cénumanienmuyen’. The first uf these,correspundingtu
the Mames de Hallon, agreeswith Haq e>’ al.; the secundin the jukesbrowne¡
Zune, near the top uf the Craie de Théligny, is where Haq e>’ al. havetheir

strungestufflap. He duesnut separatea third ‘phase’ in the LateCenomanian,
but like Haq e>’ al., recognises‘une tendancerégressive’at the end of ihe

Cenumanian.Juignet’s regressivephasesare late in the Early Cenumanianand
in theLate Cenumanian.The secondprobablycurrespundswith te eustaticfalí
immediately after the 93 Ma sequence-boundaryuf Haq e>’ al.; the earlier

regressivephaseis placed by Juignetthruugh the Sableset Orésde Lamnay,
which embracethe top part uf the ‘can>’ianum Zone’ but largely belong tu the
Zune of Mantelliceras dixoni. This is a lunger regressivephase than that
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immediately following the 95.5 Ma sequence-boundaryuf Haq et al., but tlie
two beganat abuutthe sametime.

Ihere is sumeagreementherebetweente twu, butalso amajurdisagreement
abuutwhatwashappeninglate in theMiddle Cenumanian.Furthercumparisonis
difficult becausethe twu authursusea different numberuf phasesor cycles. In
fact, Juignetrecognisesconsiderablymore oscillationsbut did not try tu map

them uut in the 1980papen
lfthis basin-marginalsuccessiunis tracednorthwardsfrom Sariheintuthe less

marginalfaciesof the Paysde Caux in Nurmandyandun the nortli Frenchcuast,
asJuignethimself hasdone(1980,figs. 3,4& 5), unecangive mureprecisedates
fur the main changes.Thus the biggestregressivetruugh is marked by hard-

gruund RuuenNo. 1, at the baseof theCraiedeRuuen,at thebottom of theZune
of Acan>’hocerasrho>’omagense;thiscorrespundstu thebasalphosphaticfaunaof
the CraiedeThéligny in Sartheandthe sub-TutternhoeStoneerusiunin suuthem

England(Hancock, 1990). In the coastalsectiunat Cap d’Antifer thereare no
hardgruundsaboyeRouenNos. 1 and2 until Antifer No. 1 at thebaseof theZone

of Metoicocerasgeslinianum(Juignet,1974,fig. 27), thuscunfirming Juignet’s
eustatichigh nearthe top of the jukesbrowneiZune(alsoknuwn in England).

Further cunfusiunhas resultedfrum a mis-dating of the top Cenomanian

luwesl Turunianfurmatiunsin Fig. 12 of Haq et al. Very reasunably,theyhave
placeda eustaticluw immediately aboyethe baseuf the Sablesde Bousse,but
this is at the baseof the M. geslinianumZone, nut the baseof the Zone uf
Neocardiocerasjuddii as they haveshownit. Their 94 Ma sequence-buundary

lies at Ihe baseuf the PlenusMarís in suuthernEnglaud.
Theseinaccuraciesby Haq et al. (assumingthatJuignetand 1 are correctdo

nutdispruveEXXON theory,but theyare certainlyworrying. If eachpanof their
generalcurve is basedun severalarcas,thereshouldbeanautumaticcheckfrum

a cumparisonbetweenthem tu preventmistakes.It also cunfirms that it is better
tu use relatively upen seasuccessionsrather than basin-marginalsuccess¡ons,
wherevagariesuf topugraphyor tectonics,sumetimesdifficult tu alluw fur, have
a moremarkedeffect.

Campanian.—Anyunefamiliar with the generalgeologyof the Campanianin
the nurthernhemispherewuuld probably be puzzled by the EXXON sea-level

changesfur this stage.It showsfive eustaticpeaks,wliich un their biozonescale
fur GreatBritain are:(i) just aboyethebaseof Ihe stage;(ji) atthejunctionof the

Zunesof Offasterpilula and Gonio>’euthis quadrata; (iii) in the middleuf the
Zune uf G. quadrata; (iv) just below the top of the Zoneof G. quadrata;(y) a
little beluw themiddleuf the Zuneof Belemnitellamucronata.Their two highest
sea-levelpeaksare nos. iii and iv, buth in the quadrataZone.
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Whatevernumberuf peaksune believescan be recugnisedin Campanian
successions,thereis unehigh in the Campanianwhich standsuut in buthnurth-
westEuropeand the U.S.A. (Hancuck,1993).This spreadte ChalkuverIreland

and ~510w in the Zone of Belemnitellalangei as this zonehasbeenusedin the

U.K. (Hancock, 1990).Irunically, it is this greateustaticpeakwhich hasenabled
critical currelationstu be made betweenthe USA and Europe(Hancuck &
Kauffman, 1989; Hancocke>’al., 1992).Within thelimits uf experimentalerrorit

agreeswith buthammuniteandstruntiumisutupeintercontinentalcurrelatiunof
the Campanian-Maastrichtianbuundary(McArthur e>’ al., 1992). Where is this

greateustaticpeakun theEXXON curve?Eventheir fifth peakis muchtuuearly;
whilst their highestpeak,No. iii, doesnut seemtu correspondtu a peakun

anyune’scurves fur nurthernEurupe,with the just pussibleexceptiunuf the
westernslupeuf the Urals in Arctic Russia(Naidin e>’ al., 1980). Whereun Earth

did the EXXON teamcullect their data?

Conclusionson 3rd order cycles.—-1 find myseff in the udd positiun uf
believing in eustasybut finding many mistakesin the EXXON curveswherever

biustratigraphyalluws une tu test them. Sume of the sourcesuf mistakesand
errorshavebeenindicatedearlier in this paper;still othersun the accuracyuf te
results havebeendiscussedby MiaU (1991, Pp. 503-504). It wurries me that
many uf their successesare where peaksanó troughs havepreviuusly been

recurded, but that many uf those that are purely their own are difficult tu
substantiate.TUs suundsunfair, sucantheir detailedtechniquesbe usedhy uther

geulugists?Lutsuf geulogiststhink theycan,butalí touoftentheyseemtu bejust
titting their own recurdsinto the EXXON chart; the putential errursin te Late

Cretaceuus,andevenmure in the Early Cretaceuus,makethis easy.An example

is shownby the wurk of ErnstandKúchler(1992,fig. 1) wheretheyhaveignured
their own, appruximatelycurrect, radiometric datesand usedEXXON’s false
apportionmentbetweenEarly and Late Campaniantime! In suuth-eastFrance,

Ferry (1990) has interpreted the meaning of limestunesin limestune-clay

alternatiunsin exactly the uppusitesenseuf tlie EXXON teaín,and ammunite
stratigraphyis nutadequatetu seewhicli is correct.

Howeyer,thereis unecriticism by Mialí (1992)which is partly misplaced.He
has puinted uut that synthetic sectiunscunstructedfrum tables uf randum

numbersalluw a minimumof 77% successfulcurrelatiunwith theEXXON chart.
Thisexperimentmakesno alluwancesfur relativeheightsuf individualpeaksand

truughs:they are not alí the same.1-le partly recugnisesthis by referring tu the

possibilityuf a secondordereustaticchangesas shuwnby writerssuchasHallam
(1984)andWeimer (1986).
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(u) Cycles longer >‘han 4Q m.y.

In their original work (Vail e>’ al., 1977, fig. 2) their ‘secund urder cycles’
ranged frum 10-80 m.y. In the current chart their secundorder cycles are
subdivided into ‘supercycles’ and ‘supercycle sets’. The luwer and upper
buundariesuf the Cretaceoussystem do nut coincide with ‘supercycle’
boundaries,buí thereare approximatelysevensupercycles(4 ~/2 tu 12 m.y.) and
nearlytwu supercyclesets(31 tu 39 ~/2m.y.) in theCretaceoussystem.

Thesecyclesdo not seemreal tu me.The resultantsea-levelcurvesdo nutfit
witb well knuwn publishedevidence.The nomenclatureis derivedfrum the
classificatiunuf ‘sequences’un Ihe North AmericanCratonby Sloss(1988); fur

anyuneuutsideNurtli America,it smacksof mumbo-jumbo;paradoxically,Sluss
himself believesíhat the sequencesreflect a tectunichistory ratherthan eustatic
changesuf sea-level(Sluss,1991).

There may or may not be long cyclesuf sea-levelchangebut the EXXON
curve alluws tuu little changeuvera longtime: thereare tuu manyretumstu the
samelevel. Such simple oscillationsmake it easiertu seecyclesin the pattem.
Taketheir ‘supercycleset UpperZuní A’, which rau from 107.4Ma, ihe middle
uf the Zune uf Hypacanthopli>’esmilleticides in the Lower Albian, tu 67.8 Ma,
somewherein the Zune uf Pachydiscusneubergicus,placed in the Upper
Maastrichtianbut actually Luwer Maastrichtian.This supercycleset cuntains

fuur supercycleswhich cari be tabulatedthus:

somcwhcrcwithin UpperMaastrichtian___________________________________________________
Farlier half of bread Low in tong ter, curve:minimo, sea-level,height215 m, maximo,

UZA 4 245 m. In short te~ curve ¡be minimo, it about líO m at top boundary of supercycle.
maxin,un, 245 m in the ntiddle of Ihe Zoneof G. quadrala.

__________ within the lower half of the Zoneof CL quadrata

Complete bigh-low-b¡gh in Long ter, curve: minioso, sea-tevel height 225 m, maxima at
¡ UZA 3 240 and c.25O m. In short tcrm curve the lowest minimun, it cl 25 m (Low in the Upper

Turonian); a ¡ester mininsun, of 180 mis placed o thc middte ofibe Upper Santonian.

_________ little below top of Zone o>’ 6. woai/gar¿
N

Bread high jo long ¡cmi curve; minimon, c.
235 m at start of cycLe. to sison tem, curve and

1) long ten~ curve ibe maximum it 260,. low u e 7.oue of fiL aoci/gori; this it Ihe highcst
~ UZA2

sea-tevel in the whole of the EXXON chau tbr the Mesozoic md Ccnozoic. The lowest
minimo, o tbc sborl ter, curve it 180 m near the top of she Middle Cenomanian.

little bcLow ¡be top of Zone of M. inflatu.n

second ha]>’ of bread low in tung ten, curve; minirnun, sea-Level beight c.160 m at stan of
cyelc, maximum of 245 m at the eod of the eycte. On the short ter, curve ibera are tive

lIZA 1 minima md five maxima, ¡be tast two in the Upper Albian being al 230,, low in ¡he Zone

of Euhopliírs bulos: aud 245 m. higb ¡o the Zoneof M infla<um.

lower pan of ihe zone of L. lardcforcnlo
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The maximum heightsin these‘supercycles’ shouldgive a patternof the
relative areal extentsof sedimentatiunat these times. Of course, une must
investigatethe evidencewith sumecarebecauseforiner sedimentsmay have
beenremovedby erosiun,thus destroying the evidence,althuugh experience
suggeststhat it is difficult tu remuvealí evidenceof a greatspreadof sediment.
A guod exampleof this problemis illustratedby the eustatichigh which lies 10w

in the C. woollgari Zune,where1 happentu agreewith the EXXON team.There
are few areasin northernEuropewhereunecanseeuverlappingwoollgari Zune
sedimentsbecausethey were usuallyerudedaway, alung with carlier zunes,in
basin-marginaldistricts immediatelyafter,duringthe subsequentS. neptuniZone
eustaticluw. But onlap by the luwer woollgari Zunecan be seenun the south-

west flank uf the MassifCentral tu tlie eastuf Périgueuxin France,whereit rests
directly un Calluvian-Oxfurdianlimestunes(Platel, 1979).

However, in a broadersensethe relative heightsduring the Middle and Late
Albian cannuthavebeenof the sameurder as thusegiven fur te Campanian.

This wuuld give an equalextent for the Zoneuf Morloniceras in.tla>’um and
C,onioteuth¡squadrata.Whereis sucha patternuf distributionseen?The slipper-
cLay Gault of Englandand Germanywould haveextendeduver Ireland and
Sweden.Accurding tu Haq e>’ al. (1988,Pp. 107-108)must uf their Cretaceous
evidence came from France, plus Belgium and the Netherlands fur the
Campanian-Maastrichtian;in the U.S.A. they usedColorado,Utah and central

Texas.Theseregionsdo not show an equal spreaduf UpperAlbian andLuwer
Campanian,althuugh yuu might concludethis in central Texasur the Pays
d’Auge in Franceif yuu ignuredthe facies invulved (Ménillet & Monciardini,
1991). Against this EXXON view is the far greaterspreadand/urdeeperwater
faciesuf UpperCampaniansedimentsacrussEuropefrum Irelandtu Bulgaria;

alungtheAtlantic seabuardof theU.S.A., thruughtheGulf Cuastfrum Alabama,

íhroughMississippi, Arkansasandinto north-eastTexas;in te westeminterior
uf the U.S.A. andCanadain spite of late Cretaceuusuplift in the regiun; in

suuthernArgentina; prubably in WesternAustralia. In Nigeria the maximum
assuciatedtransgressiunpeaked slightly later in the Early Maastrichtian
(Reyment,1980).

The first graphsthat 1 pruduceduf Cretaceuussea-levels(Hancock, 1975)
show an uveralírisethruugh the Albian andLateCretaceuus.Suchgraphshave
nuwbeenrefinedbutthetrendhasnutchanged:te levelsduring theAlbian were
neveras high as thuseduring the LateCampanian.What seemstu be an ubviuus
mistakemakesune suspiciuusuf uther‘2nd ordercycles’.

The EXXON teamare guod geulogistsbut since we knuw unly tlie general

basisuf their method andnot the details (except fur the Cenumanianof te
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Sarihe, seeaboye),it is necessarytu makesumeguesses,hopefully inspired.

Thereare lucalities which shuw very high Cretaceoussedimentsrestingdirectly
un mid-Cretaceous,resting directly un pre-Cretaceousrucks. In the Cotentin

peninsulain Normandy thereare Upper Maastrichtiantuffeau facies resting

directly un Cenumanianor Albian, which in tum is underlainby pre-Mesuzoic
rucks.Notethat therawevidenceduesnotaccurdwith eitherEXXON ur myself,
but it is certainly clusertu the EXXON view. The real puint is that in the
investigationof eustasyby thestudyuf marginalfaciesit is necessarytu consider

a very widebudyuf evidence.This is themajurreasunwhy ErIe Kauffmanand 1
havearguedin favuur uf using basin-centreur upen seasuccessiunsfor the
evtdence,and nut alluw yuurselftu dependun the vagariesof local shurelines

(Hancuck& Kauffman, 1979).

CONCLUSIONS

It is perhapsinevitablethatdiscussionuf the EXXON chartshouldseemtu be
a catalugueuf cumplaints.It did nutneedthis chantu persuademanygeulugists
tu accepteustasyas a majorcontrol un Cretaceuusfacies.Indeed,it is pussible

that by assumingtou fine aresulutiunof successionsfrom seismicstratigraphy,
theyhavedamagedtheir own theury. The main virtue of the work by PeterVail
andhis culleagues,whu are mure mudestabuuttheir results than many uf the
fulluwers, is that it hasfurcedus tu examineuur results in much greaterdetail:

comparethe curvespublishedin CretacecusResearch,volume 1, with the
EXXON chad.Are we yet in a position tu recugnisesimultaneouschangesuf
sea-levelin differentcuntinentsal the finestbiustratigraphicresulutiun?The sort

uf simultaneouschangesthatHancuck& Kauffman(1979)indicated,wereunly
tu sub-stageresulutionat best.

Newwurk with Bilí Cubbanuf theUS. GeulugicalSurveysuggeststhatsume
peaksandtruughsuf sea-levelwerecuincideníbetweenEnglandand thewestern
interior of the USA duwn tu a zuneur fractionuf a zone:a resolutiunuf the order
uf less than100,000years.Thesearechangesuvertimeintervaiswhich wuuld be
called 3rd urder cycles by the EXXON team. As their biustratigraphyis
impruved,it shuuldbepossible,in spiteof Miall’s wurries,tu testuther3rd urder
cycles. Sequence-síratigraphyur similar techniques,can date relatively fine

changesof sea-level,but Ihebestdatesarestill givenby facies-successiunsin the
upensea,far from a shure-line.

At time-scaleslunger than abuut 12 m.y. plate muvementsare commonly

strungenuughtu give a falsepicture, i.e. alí EXXON’s secundurder cyclesare
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suspect.Eustaticchangesuver this time interval are not alwaysstrungenough

ur fast enuugh tu prevent majur plate movementsduminating the regional
picture.
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