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The depositional e nvironments .. long Pacifie Island margins have becn used as anarog.~ 10 
elucidate depositional processes a long continental margins. They are controlled by their 
Icc /onie and volcanic. climatic , hydrographie and biologie evolution. Intcrvats of low eus lalic 
sea levels Icd to be displaccmcnt of shallow waler sediments (with their contents of nerilie 
fossi ls ) Inlo the adjacent deep-sea basins. Eight eros io nal pulses when neritic fossils were 
displaced into the deep-sea, can be discerned in Ihe central Pacifi c duri ng Ihe paSI130 MY. 
Velocities o f ocea nic bottom water currents whieh affected island margin sedimentation, were 
s low in the Crelaceous Pacific, but they eroded sediments in intermediate water depths since 
Maastrichtian time . Mechanical erosion seems 10 have generated most hialuses. The temporal 
dis tribution of the abundance of displaced pelagic fossil s reveals the development of vigorous 
current regimes during the past 42-44 MY within in the meso- and balhypelagic parts of the 
Pacifie water column. This is considered important for an understanding of the distributio n 
and developmenl of pelagic ol\ygen·deficient depositional envi~onment s. 

OceU/lol . A cta, 1981 . l'roccedings 26,h International Geological Congress. Geology of 
continental margins symposium . Paris. Jul y 7-17. 1980. 65-70. 

Sédimentation sur les marges des îles océaniq ues: analogie avec le s marges 
conti nentales . 

On étudie [a sédimentalion sur les marges continentales à la lumière des résultat s obtenus sur 
les marges des Îlcs du Pacifique . Celle-ci est contrôlée par leur évolution tectonique , 
volcanique, climatique . hydrographique et biologique . Les périodes de bas niveau eus tatique 
sont caractérisées par un déplacement des sédiments d 'eau peu profonde vers les bassins 
profonds adjacents. Dans le Pacifique centra l , depuis 1 JO mA , on caractér ise ainsi huit phases 
d'é rosion avec déplacement des faunes néritiques vers les bassins. La vi tesse des courants 
océaniques de fond é tait faib le au Crétacé , mais a augmenté suffisamment dans les 
profondeurs intermédiaires depuis le Maestrichtien pour é roder les sédiments et générer des 
hiatus. La distrihution temporelle des faunes pélagiques remaniées monlre l'instauration d 'un 
régime de fort s coumnts depuis 44-42 mA agissant dans les environnements méso- et 
bathypélagiques. 
Ces observations o nl des conséquences importantes pour l'étude de [a dis tribution et du 
développement des environnement s pélagiques défic ita ires e n ol\ygène. 

OUa/lOI. A cta. 1981 . Actes 26< Congrès International de Géologie, colloque Géologie des 
marges continentales, Paris. 7-17 juil. 1980. 65-70. 
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INTRODUCTION 

Continental margins trail one of the most important geologi. 
cal (lnd tectonie bollndllries o n our globe: the transition 
from ocea nic to continental basement . S eeause of the 
dilference in the basement compositions this transition zone 
is accompanied by a large gradient of the relief of the erusfs 
surface. The movemenls o f the marine water masses in the 
transitÎonal zone be tween the coasts of the continental land 
masses and the pelagic environment are aHeeted by the 
prese nce of this physical obstacle. h results in mar!!:in­
specific constructi ve and des tructive depositional proces­
ses, which ohen lead to the downslope dis placement of 
sedimentary components. Reworking and displacement pro­
cesses can be SlUd ied hest by means of benthonic Cossils 
assemblages because of their depth zonation wh ich is weil 
developed and known from ncrilic regions reaching into the 
photic zone. However. reworking eerects also most other 
sediment eomponents such a!> sheU material produced by 
the oceanic plankton and terrigcnous particles. There are 
many conti nental margins where reworked and displaced 
sediments are considerably more abundant than those which 
still rest on the location of their primary deposition. 

Secause of the complicaled vertical tectonic movemenb of 
continental marsins with time (Watts. Ryan. 1976). it is 
often diffic ult to decide if tectonie on sedimentary proces­
ses caused the displacement of enlire sedimentary seq uen· 
ces or of individ ual sedimelltary components. In th is sturly 
evidence for large scale vert ical and horizontal displace­
ment of sediments alons the slopes and flanks of oceanic 
islands and s tructural highs in the Pllcific Ocean will be used 
10 discuss the temporal variabili ty of sea level fluctualion~ 
and of meso- a nd bathypelagic current regimes . Oceanic 
islands. shelfs s lopes and Tises represent physical ob!>tade!> 
for the bypassillg oceanic water masses generating pheno­
mena in many ways analog to those which can Ile observed 
along continental margins. but [hey are less complex. New 
data (Thu:de et {II . • in press, from the flanks of submarine 
elevations in the central P<:1cific Oce<:1 n collected by the 
Deep-Sea Drilling Project a llow to discuss some important 
a!>pccts of displacement processes in [he central Pacifie 
Ocean. which are importllOl for the understanding of 
Mesozoic and Cenozoic ~ea level fluctuat ions a~ weil as the 
evolution of oxygen-deficient depositional en vironmenb in 
the oce<:1ns (Dean el al .. in press). 
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DIS PLACEMENT OF NE RITIC FOSS ILS INTO T I·IE 
DEEP S EA 

Displaced nenllc foss ils. which are round in pelagie sedi­
ments. are easily recognized regardless if thl; material is 
çontempora neous or older than the host sediment. They can 
tell us about the nature and presence of past neritie 
depositional environments. They a llow us tO date these 
environments. and to descrihe the mode of transport. and . 
in sorne instances. the nature of the transport palh. There 
are many records of the displacement of neritic fossils 
across continental margi ns (see for example Fia. 1). but 
hecause of the isos tatic movements. of hiatuses and of the 
sparse sample coverage of the outer and deeper conti nenlal 
margins. it is presentl y impo~~ibh: to establish a comprehen­
sive lInd complete record of the source Tesion of such 
material and of the processes leading to il S displacement. 
However. we can turn to the open ocea n a nd look there for 
evidence of displacement of shallow waler derived fossils. 

Recentlya search has been made in the reporb of deep-sea 
drill si tes in the tropieal and subtropical Pacific Ocean 
(Fig. 2) in the hope of establishing temporal and spatial 
patterns in the distribution of contemporaneo us. as weil as 
non-coeval neritic rossils which have been reworked from 
shoal areas (Thiede el al .• in press). The sediments descri­
bcd from the sites wi th reworked fossi ls in the ce ntral 
Pacifi e Ocean (Fig. 2) span over a wide range in time (from 
laIe J urass ic/ellrly Cretaceous to QlIaternary) and depth 
« 1.5·> 6 km) ; most of them are located on the Mesozoic 
part of the Pacifie Plate (Pit man el tll . . 1974). and ail of them 
penetrated pelagie sedimcntary sequences. Becall~e of the 
random regional distribution of the drill s ile locations oveT 
5uch a wide area. a bill!> towards one single deep-sea hasin 
or towards one very spc:cialized. deposiliornol cnvironmcnt 
can be excluded. The occurrence and age distribution of 
neri tic displaced rossih (Fig. 3) in many deep-sea drill si tes 
of the western central Pacifie Ocean came as a surprise. 
bccause these s ites are pre~ently dbtant from extensive land 
areas. However. it has bec n known for sorne lime th:lI many 
of the submarine rises :Jnd platforms observed in the 
western central Pllcific Ocean once reac hed dose to or 
above the sea surface (Malthew~ el tif •• 1974 : Hamilton. 
1956: Heezen el al. , 1\.11) [hill they can hll"!;! ;.ctcd a~ 
source area~ for Ihe displaced material. 

Evidence for dbplacement of shallow water carbonate 
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Figure 1 
Ikep-Sea Drilling Projeer siu J97 in 
tht norrhta$l Allant;. Oetan off nOf­

Ih .. ·tst Afriea (1.900m "-lIItr deplh). 
Dislributiun of displaced shilf bentho_ 
nie fQraminifers in Neagene sediments 
(after Lm=t. in Von Radel 011..1979). 



Figure 2 
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CENTRAL PACIFIC OCE AN 

Locations o[ deep-sea drill silts ... ilh 1100/1 ~'orinH nmrds und 
displactd nerille and no" -CO"ltmpv rwltv us peluHic [ossils il! Ihe 
tropical and Sublmpical Pad [il' O<:eau ((I[Ier Thil'deci al.. ill press). 
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Figure 3 
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O<:currellU ond oge o[ displaced s hal/m,· ,,'mer [ossils i" drill )"il"S 
Imm Ihe sublroplcal l'nd Iro fllcal Pacilk OcelUl. O<:cllrrell ct. ;s 
u preued i" lIerce/ll 01 IO/al obun'alimls af di.lpluced mali'rial . 
4 ,","," i.f Ihe maxillllllll IÎIllI' di/fuence belwull Ih e aHe of Ihe 
re ... orbd Ulld displaced shal/o ... "'aler [ossils a"d hO$1 udimtltl. 
Tlle ages of 10'" ell.fla/ic .f e ll lel'el .IWlld.f IUH'e beell m{Irlied 
arcordinR ln Viril et al. . 1977. 

fossils fro m their neritic deposition,tl environment into the 
lId jaçent deep-sea has been found spread over wide inter­
vals in space and t ime (Fig. 3). In mOSI cases the d ispl,lced 
sedime nt is about the same ;Ige as the host sed iment : 
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evidence for erosional events cutt ing into sections conside­
rably older than the time of displacement are not common. 
The sites with such records lie close 10 the Tuamotu Islands 
(site 76). the Line Is lands (site 165). and the Emperor 
Seamounls (site 309). and include site 462 in the Nauru 
Basin (Schlanger. Premoli-Silva, in press). These deposih 
are Cenozoic in age and they are s ituated in areas where 
extensive reworking of shallow waler sediments has bee n 
recorded in deep-sea drill s ites. 

Displaced contemporaneous shallow water derived carbo­
nate fossi ls hllve been observed in sediments T!mging f rom 
Barremia n-Aptian to Qualermtry in age (Fig. 3). The earliest 
event was in Barremian-Albian time. the next one during the 
Ccnoma nian. Inte nsive displacement of shallow water car­
bonates took place during Campanian and Maastrichtian 
t ime , but decreased sharply towards the Cretaceous­
Tertiary boundary. The Paleocene deposits gave no evi­
dence for reworkcd shallow water carbonates in Ihe central 
Pacific Ocean. but this mighl be the result of many and 
exte nsive hialuses thal developed during erosive events in 
the deep-sea at that time. The fl ux of shallow watet 
components was particularly importll nt during the earl y 
Eocene. late Eoce ne, laIe Oligoccne. late Mioccne :Ind 
d uring the Plio-Pleistocene. It seems part icularly notable 
that the infl ux of shallow wlIter carbonate rossi l debris 
during the cntire lime span considered here occurred in 
pulses and that it rather represented a sequence of episodic 
events than 11 continuous process. 

The occurrences of nerit ic fossils in central Pacifie Ocean 
pelagie ~ed imenls (Fig. 3) document the repeated injection 
of shallow water derived debris into the adjacent J eep-sea 
basins. This occurred throughout the late Mesozoie and Ihe 
entire Cenozoic as a sequence of short-lived episodie 
event s. Thesc are separated from each other by intervals 
when less or no shallow water dcrived benthonie fossil 
material reached Ihe rIoor of the deep-sea basins. The 
events, except the Campanian-Maastrichlian one. coi ncided 
with low eustalic sea level stands (Vail el al .. 1977). and 
represent. Iherefore. probably the product of erosional 
processes al sea level during those intervals. The C;lmpll­
nian-Mallstrkht ian event is a special case because it is the 
most importa nt one of the Ja te Mesozoic paleoenvironment . 
but il apparently did not coincide wi th very low euslatÎc sea 
levels (Vai! el al .• 1977 ; McCoy . Zimmermann. 1977). T his 
intcrval was coeval to a major phase of wide-spread 
volcanic aClivity (Natland . 1976 ; Jackson. Schlanger. 1976) 
in the central Pacifie Ocean. This volcanic activity led to the 
deposit ion of volcanic ashes in thc Mariana Basi n (site 199). 
a long the Line Is lands (s ites 165. 315. 316) and on Horizon 
Guyot (sites 171 and 313) in the Mid- Pacific Mountains. T hc 
occurrencc of neritie fossil debri s in ccntral Pacific Ocean 
deep-sea scdiments which is apparentJy not CoevllJ to ilS 
time of redeposition . is restricted entircly 10 the Cenozoic 
paris of a few drill s ites . for example s ites 76. 165. 209. 315 
and 462. These sites are located on old oceanic crusts. 
Subsidence did not generate im portant diffcrences in pf.leo­
depth of deposition duri ng the IUler part of the Mcsozoie 
and during Ce nozoic. Erosion during Jow custat ic sea level 
s tll nds. therdore. was able to reach Ihe older s trata. 

TH E INT ERME DI ATE WATER PA LEOENV IRON ­
MENT : T H E DISPLACE MENT OF PELAG IC SE DI ­
M ENTS 

Circu la t ion patterns and current velocities of the interrne­
d iate oceanic waler masses Ihrough time are not yet s ludied 
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in surricient delai l. They are of higb inleresl. because Ihe 
ocean appears to have gone Ihrough stages of relatively 
quicsccnt intermediate and bonom water regimes when 
oxygen ddicÎent dcposi tional environments developed . 
Anoxie sediment facies arc observed a10ng many continen­
tal margins (Tissot ~tal., 1979; Arthur . Natland, 1979) 
where paleocnvironments were espccially favorable for the 
pre.servlltion o f anQxic sediment facies . Several models 
have been ;nvoked (Thiede. van Andel. 19n) to explain 
thc.'iC occurrences which, however. do not account for the 
fact Ihat most observations of ·'black shale" occurrences in 
the world oce.m (Arthur , Natland , 1979) have been made in 
Cretaceous sediments (the Jurassic has not yel been sam· 
pied suffieiently). Il has therdore been tried 10 evaluale Ihe 
temporal patterns of mechanieal Iransport in the pelagie 
realm through observations of disptaced pelagic fossils 
(Thiede el al .• in press). Sedimentary structures in deep-sea 
dr i]) cores often indicate the prese nce of bottom waler 
currents. but the amount of reworking and displacement of 
contemporaneous biogenic components is diffîcult todetect 
and to assess . However. if fossils considerably o lder than 
the lime of deposition are included into Ihe deep-sea 
sed iments. their presence ean bc used as an unequivocal 
argument for current Iransport. The propert ies of the 
eroded sediments and of the trdnsporled sed imenl particles 
are evidence for Ihe Slrenglh of Ihe eurrent regi mes. In 
Figure 4 we have ploned, therdore. only observations of 
non-contemporaneous reworked fossils. 
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Occllrr~nc~ of non-con'~"'po'tlIlWIIS ,~ .. 'Ork~d p~ltlgk foni/s in 
drill si,u fro", ,h~ u n",,1 P"ôfk Ou"n (cf. Fig. 2). Ocr:llrrt1lc~ is 
t:tprtntd in ptrctn' of IOwl obStn'tlliQns Qf rt"'o,ktd non-CO/lltm· 
por"ntOIl$ ptltlgic foni/s. 4'_. is ,ht muximllm ,imt difftrtnet 
btt"'un tht aRt of Iht rt..-orktd foni/s tlnd of tht hoSI udimt/ll . 

The most surprising featu re of the distributions of reworked 
non-contemporaneous pelagie fossil s in the C"entral Pacifie 
Ocean (Fig. 4) was the almost complete lack of such 
redeposi led pelagic fossit material in the Mesozoic sections. 
Most of the drill si tes evaluated here arc located on 
structural highs; Iheir sedimenlS are composed often of 
ca1careous sec tiOns suggesting that the y have been localed 
above the relat ively shaIJow laIe Meso7.0ic CCO (Thierstein. 
1979). Also diagenetic processes which have ahered the laIe 

6B 

Mesozoie pelagie carbonale limeslone (SchhlOger, Douglas. 
1974) can not explain to complele absence of reworked old 
pelagic fossils in lhe laIe Mesozoic central Pacific Ocean 
sediments, but the number of observations remained 
modes t untillate middle Eocene (44-42 MY B.P.) time whcn 
a major erosive episode began in the intermediate waler 
masses of the central Pacific Ocean. The planklOnic forami­
niferal faunas of many sites bear ample evidence of 
wide-spread reworking of Eocene 10 Cretaeeous faunas 
(Krasheninnikov, in press). The paSI 40 MY have becn a 
time of constant reworking of deep·sea sediments (Fig. 4) 
with peaks of erosive even ls approximately 40 MY B.P., 
30-32 MY B.P., 14-1 5 MY B.P., 7·8 MY B.P. and during the 
pa'it 5 MY . The percentage of observations from the inter­
vals 10-13 MY B.P. and in partieular from 15·25 MY B.I>. 
and 33-38 MY B.P. arc rclati vely smal!. 

The age differencc of the reworked material to the time of 
displacemenl ean in general range between 0 (which means 
the reworking of eonlemporaneous or pene·conlempora· 
neous dcposits) a nd a maximum value which is delermined 
by Ihe difference in age of the oldes t eroded sediments and 
the l ime of de position of the reworked componenlS. Il 
seems to be characteristic for the central Pacifie Ocean that 
there was apparenlly no age dirrerence betwecn reworked 
and hosl sed iments in most of the Mesozoic parts of the 

. penetrnted sedimentary section and Ihat - if any - only 
cocval sediments have bee n reworked . 

Only since Maasrrichlian lime when foss ils from upper 
Campanian deposits were incorporated into the chalks and 
calcareous oozes. a major age difference began to develop. 
The maximal age difference bet ..... een Ihe age o f Ihe oldest 
reworked fossil componenlS and the host sediment increa· 
sed in a regular fashion from Maastrichtia n 10 approxima­
lely 38 MY B.P. in laIe Eocene lime. UClwccn laIe Eocene 
and late !lliocene-early Pleistocene the maximum age diffe­
rence fl uctuated between > 20 and> 70 MY . High 'Ige 
differentes (FiH. 4) arc rcached in laIe Eocene and early 
Otigocene time . and during early to middte Miocene and the 
end of the Plioeene. whereas minimal values are eonfined to 
limes when the number of observations of reworked pelagie 
malerial was less. A d mslic decn:ase of the maxinlUm 
difference in aHe of the reworked sediment components and 
the host sedime nt duri ng early and late Pleis tocene scems 10 
be a Keneral fealure of the redeposition of pelagie deposi ls 
in the centm l Pacifi e Ocea n (Rea. Thiede, in press). The 
dis tr ibulion of non·coeval reworked pelagie sediment 
componentS in the central l>acific Ocean revealed a large 
difference belween the Mesozoic and the Cenozoic s trilta 
(Fig. 4). Maastrichtian events which reworked the immedia­
Ici y underlying Campanian sed iments represent obviously 
the beginning of current regimes in the intermediale water 
masses of the Pacifie Ocean. They were not only able to 
transport and displace cocval sediments. but also to erode 
inlO the underlying older sediments. These observations 
have been made in undisturbed pelagie sedimenlary sequen­
ces ; Ihey do nOI include evidence from turbidity cunents 
slumps or slides which are not easily related 10 deep·sea 
current regimes. This is dirferent from the South Atlantie 
paleoenvironment. where pelagie sediments as old a~ Conia· 
cian have been displaced inlo deposits of Sanlonian age 
(Premoli·Silva, Bocrsma . 1977). The large quantitative dif­
fere nce of occurrences of planktonie fossils during 
prc· Maastrichtian and Maa!>lrichtian-Pleistocene time 
seems to point to a fundamental change of the dcpositional 
paleoenvironment of the deep central Pacifie Ocean and 
probabl y of the world oceiln in general. The coincide nce of 



the lack of non-coeval reworked pelagÎc fossil material and 
of the repeated development of oxygen deficient depositio­
nal environments between 80-120 MY B.P. in the Pacifie 
suggest the possibility of a very quiet and s luggish bottom 
water circulat ion. Il is documented by thei r laminated 
sediments (Dean et al. , in press). Il also seems to support 
the interpretation that a wide area of the pre-Campanian 
central Pacific Ocean has not experienced bottom water 
currcnts strong enough , and with high enough speeds to be 
able to erode older strata, and 10 transport Ihe resuspended 
sedimenl partides. Relatively rapidly flowing currents seem 
10 have been confined to the upper fcw hun<lred meters of 
the water colum n, especially close 10 the equatorial diver­
gence (as presenled by Dean et al. <luring Ihis colloquium). 
The pen::entages of occurrences of reworked non-coeval 
pclagic fossils (Fig. 4) remained modeSI from Maaslriehtian 
to late middle Eocene times. Minor peaks during late 
Paleocene and early middle Eocene represenl shorl- Ij ved 
erosive evenlS of a modest scalc. The remai nder of the 
Cenozoic was charactcrized by depos ilional paleoenviron­
menls. where erosion in intermediale waler depths was the 
rule and not the exception. The coincidence of limes of 
important reworking with major changes of the oceanic 
botlom water temperature regimes as deduced from Ihe 
SO I ' ratios of the bcnthonic fordmi nifers (Savin , 1977; 
Vincent, Berger, in press) sugges ts that these episodes 
represent major revolutions of the bouom water current 
regimes due 10 the advection of cold polar bottom waters 
(Shackleton, Kennett, 1975). It is not clear if pre-Iate middle 
Eocene reworking evenls can beexplained by the format ion 
of modest quantities of polar bottom waters much earlier 
than presumed hitherto, or if another mode of thermohaline 
deep sea circulat ion has to he cons idered. 

The age distr ibulion of the reworked and displaced, 
non-coeval pelagic foss ils and the difference between age of 
reworked componcnts and lime of redeposit ion in the 
central Pacifie Ocean is particularly interesting (Fig. 4). 1 n 
the central Pacifie Ocean the maximum age diffe renee 
approached zero dudng Maastrichtian lime, but increased 
fairly regularly throughout thc Cenozoic to the Early 
Pleistocene. The rcgular increase must mean that the entire 
sedimenl column which had been laid down since ini tiation 
of this erosive regime in early Maastrichtian time , was 
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subject 10 conlinuous erosion and redeposition. Deviations 
from the regular increase of the maximum time difference 
between the age of the reworked malerial and of the time of 
redeposition have been observed doring early and late 
Oligocene as weil as duting late Miocene and Quaternary. 
Minima on this curve (Fig. 4) coincide with episodes of high 
pelagie accumulation rates (Van Andel et al., 1975 ; Wor­
s ley, Davies, 1979), maxima with low accumulation rates 
and with the development of important hiatuses in the 
weslern central Pacific Ocean (Moore et al. , 1978). The 
presence of reworked and displaced non·coeval fossils in 
deep-sea sediments a re eaused by mechanical erosion rather 
than non-depos ition or dissolution . 

CONC LUS IONS 

1) Thedepositional environments a long continental margins 
respond to tectonic , hydrographic, atmospheric and biologic 
processes. The hydrographic processes ca n be subdivided 
according to water deplhs inlo shallow, intermediate and 
deep ones. In this s tudy sedimentary records from the 
margins of !)ceanic islands have been evaluated as analogs 
10 conlinental margins. 

2) The most important process aHecting the shallow water 
masses are eustat ic sea level fluctuations. Neritic foss ils 
were transported episodicall y (rom continental shelves and 
from guyots a nd shoals into the adjacent deep-sea during 
times of low eustatie level stands in the central Pacific. 
ErosionaJ events reworking non-coeval, nerilic deposits 
which are considerably older than the age of redeposition , 
a re confined 10 the Cenozoic . 

3) The most important processes in the bathyal depositional 
environment are reJaled 10 deep ocean current regimes. 
Oeeanic meso- and bath ypelagie water current regimes were 
very sl uggish during the Mesozoic until the end of the 
Campanian in the Pacific . Anoxie sediment facie s along the 
outer continental margins and in the pelagie realm persisted 
episodieally during the Cretaceous unti] an erosive boltom 
waler current regime develops during the Maastrichtian and 
Ihroughoui the Tertiary. 
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