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INTRO DUCTION 

H . Charnie)' 
Séd Îmenlologie et Géochimie . Equipe de Recherc he Associée 764. Unive rsité de Li lle 1.59655 
Villeneuve d 'Ascq Cedex , France . 

Result s are presented o n recent investiga tions about the paleoenvironmental s ignificlHion of 
Mesozoic and Ce nozoic clay successions, recovered in margina l areas o f Atlantic and 
North-West PMdfic Oceans and in the Mediterrane lm Sea . Chiefly derived from adjlh;ent 
la nd-masses. clay assemblages represenl uscful indicato rs of m,ljor tec to llical. climatical , 
hydrod ynamical and morphologicaJ e vents which occurred through time. Examples are chosen 
in diffe renl scdimen lary basins. and al different geological periods rrom late Jurassic 10 laie 
Q ualerna ry. Resul ls are comp,lred with previous work , in o rder 10 emphasize the ad vanlages 
and lim ila lions of using clay mate rials to reconstruc t the patterns of pa leosed imentat io n. 

Ocemtol. Acfll , 1981. Proccedings 26'h Intc rn:ll ional GeologicaJ Co ngress. Geology of oceans 
sympos iu m, Paris. J uly 7-17. 1980. lU5-110. 

Gra ndes te ndances de la sédimentation argil euse man ne . 

On présente le point des recherches réccntes sur la signifi cat ion des successio ns a rgi leuses 
mésoz.oïques ct cénozoïques déposées dans les milieux dé tritiques des océans Atlantiq ue ct 
Nord-Ouest Pacifique . ainsi que de la Méditerranée . Les assemblages a rgi leux, pr inc ipalemen t 
terrigènes. représente nt des témoins utiles en domaine géodynamique externe des gntndes 
modif ica t ions tectoniques, clima tiques . coura ntologîques e t mo rpholoKiques. survenues 
notamment 'mus reffet des évé nements mll;eurs de la géodynamique interne. Des exemples 
pris dans d ivers bassins sédimentaires. depuis le Jurassique jusqu 'aux époques récentes , 
permettent de mesurer le chemin parcouru c t d 'apprécie r les limites d ' util islll ion des a rg iles 
dans le elldrc général de la séd imc nt ologie dynamique . 

Ocemwl. AI·w . 1981. Acte:. 26- Congr~s lnte rnlllion ll i de Géologie . co lloque Géologie des 
océans. Pa ris . 7-17 juil. lWW. 105-110. 

The lIim of this papcr is 10 prese nt a short rcview of o ne 
approach 10 the study of clay minera is deposit ion . with 
cmpha.\o is on the signifiCHnce of M csozoic·Cenozoic clay 
deposilS . in ... arious marine environmenls where Icrrigenous 
supply il nd low diagencs is predominait . II lustra ted by 
nUfficrous examples . the long-Ie rm Irend) in day deposit ion 
hcre suggested ,I re rnlsed on thouSilnds of mineralogical 
ana lyses . as weil as complementary lilhologica l and geoche
mica l studies of DSDP mllteria l, from the Medilerrancan 
(llHe Cenozoic) , the North and South At lllntic (Mesozoic 

and Ce nozoic). and the North-Wes tern Pacirie (CenozoÎc). 
The inves tigations concern d ri ll s ites of Leg~ 3. 11 . 13 . 14 . 
39,40. 41. 42 A , 44. 47 A and B. 48. 50, 57 und 58, to w hich 
the reader may rder fo r documentation. The references 
listed in Ihis review a re res lr ic ted tu pllpers published 
ou(side o f Ihe Ini tial Reports of the DSDP. 

MAIN FEAT URES O F' CLAY DEPOSIT ION 

Clay asscmbhlges o f rcccnt deep-sea de['lOsi ts stcm 11I rge ly 
from terrigc nous supply of rock and so il ma te rials (Biscaye, 
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1965 : Griffin et al .. 19(8). This i5 cspecially the ca~e in the 
more narrow oceans and sea-wa)'s. those influenced b)' 
large ri ve rs. wind or icc discharge, andlor devoid of Jeep 
trenches which (arm ~cdimcnt trap!>. Relevant argument~ 
are givcn by comparing the :\Verage latitudi nal zonation of 
clay miner:lls abundance in continental soils and in marine 
~ediments. and b)' showing the relationships exbtint; 
between main geologil.:al provinces and main clay sedimen
tar)' provÎnces (see dbl:u!>!>ions in Berger. 1974 aild Cham
ley. 1971 : 1979). Examples arc the Atianik ocean and 
adjacent seas, North-East Pacifie .md North J ndian Oceans, 
murginal and back-arc basins in the North-West Pacifie . ;mJ 
high latitude seas. 

Numerous mineralogical and geochcmictll slUd ie!> point 10 
the exi~ tcnce of s imilar conditions during past geological 
times in Ihe same areas. espcei;lll)' those where ocean~ were 
even narrower or included much mo re emcrged struclll re!> 
Ih:m today (e.g. newly rifted Atlantk. aseismic ridges, 
former island a rcs. volc.mic archepelagoc!>: Chamle)'. 
1979 : Debrabant. Foulon. 1979: Maillot , Robert. 1980), A 
dominance of terrigenou~ cOlnponents in most of Mesozoil: 
and Cenozoic Jeep-sea clays is sugges ted by the following 
faclS ; 1) absence, a lone mos t of drill cores. of quasi
continuous cla)' mineralogicul change rela ted 10 diagenetic 
modificatio ns with the depth of burial : 2) occurrence at 
many d rill levels. even ver)' old ones. of diversified cla)' 
assemblages similar 10 the present ones, including I)'pical 
species from surficial and thermodynam icall)' immature 
environmenU (badly cr)'~ lallizcd illite and ch lorite. irregular 
mixed-Ia)'ers, smectite, kllolinitc. scaltcred fibrous clays), 
and not geneticall)' assoc: iated with diagenetic minerai s SUl:h 
as opal CT lepisphere!> or dinopti loli te : 3) genera! indepen
dencc of clay mineralogy and litholog)' (i.e. calcareous. 
!>i liceous , organic facies) : 4) absence of relationships 
belwccn smectile and volcaolc fle t ivil)' or rcmains. except in 
oceanic basait!> themselves. and in volcaniclastic sedimenl~ 
whose smectite often results from ~ubaeriaJ altenuion and 
crosion of igneous rocks (Rockall Plateau . Iccla nd and 
Norwa)' Seas. Philippine Sea. Afar) : 5) presence of abun
dant fragile minerais . such a!> fib rous da)'s, in typicall)' 
reworked sediments (sl umps. turbidite!>, mass-flow s : Afri
can and Europc:m Atlantic margins) (Le . Weaver. Beck , 
1977 : Charnie)' , 1979). 

A~ a con!>equence. the long-term mineralogical Irend!> 
reçordcd in DSDP sediment!>. as weil as in offshore and 
on~hore series. do not reflect predominantly În silll changes. 
but largely geochemical changes which primarily occurred 
on land-masses tldjacent 10 :.cd imcntary basins. The ;/llÎtll 
change, mO~II)' concern non-clay component!> of sediments 
(carbonate ... organic mattcr . sil iceous minerais. 7eolitc!>. Fe 
(md Mn oxides). or are re!>tricted 10 local and minor event!> 
(Dcbr:,b:ull. Foulon. 1'179 : ~ I aillol. Robert. 19~()). Thu, i\ 
appears that marine da)' !>uccess ions are potential 100is in 
deciphering paleoenvironmental events on la nd. as expres
sed by c hanging pedogenesi ~, marginal sedimentation. ero
sion. transport and !>edimcntation. The main evcnlS are of a 
tectonic. dimatie or hydroJynamic nature . and ail are Jinked 
to morphologie conditions. 

TECTON IC EVE NTS 

The ëarth c ru!>t movemetl\'. and inferred major morpholo
gical c hllnges . are expre!>~ed by marine day as~emblage~ in 
various wa)'s, 

106 

- III a general wa }' a strong mineralogical con tra st exist~ 
belween periads of tec tonic stabil ity and Ihose of tectonic 
activi ty. TeclOnically quiet periods allow deep weatherîng 
and the devclopme nt of conti nental soils in cquilibrium with 
local climate. Wc m:!)' assume that during late MeSOL01c ano 
part of carl)' CenowÎC, the domina nce of pre-alpine low 
relief !avored the pedogenic format ion of well-cr)'s tallized 
smecti te. as il i!> the case todllY in !Iat and hot down!>trcam 
areas (Paquet. 1969). In the same way relaxation s tage!> 
during Cenozoic stage:. are characterized by moderatel) 
altered illite and chlorite. irregular mi xed-Ia)'er~ and Jocall)' 
suppJied kaolinile. Tcctonicall)' ac tive periode; cau!>e mor
phologieal rejuvemllion and hence the erosion of divers ified 
minerais. chiefl)' issued fro m rocks and/or upst ream ~oil s 

(i.e. Charnie)' et al .. 1980 : see Fig. 1). 

- Rifthlg and O('i!(//! o jJ(!II;ng stflges induce major leelOnic 
activity on COnlinenta! marKi ns. The)' are rcflecled by 
s trong suppl ies of primat)' minerais in an environrnent of 
continental crus t (ill ite. chlorite. quartz. feldspar~, amphi
boles; Nort h Ameriean basins. Colpc Ve rde (Fig. 1) and 
ot her African basins). and b)' the developmenl of highly 
cryslallized srnectite where oceanic volcanic c rust predomi
nates (Rockall PI:lleau. North Philippine Sea, Afar area). 
Associated mineraI!> poinl tO Ihe instabilit )' of marginal 
land-masses: the)' con!> iSI cither of immature pedogc nic 
spccies such as vcrmiculite, several Iypes of ir regulrlr 
mixed-Iayers, degraded snlectile (i.e. Cape Hatte ras basin 
during late Jurassic), or species reworked from marginal 
deposils 5uch as pal)'gorskite (Cat G<lp a rea. East of 
Florida. a l the same lime). J ust af ter the basin initia tion and 
above basai t f lows, a short period of pelagie cI'ly depositio n 
occu rs somet irne~, and the dis tinction between an in silll 
genesis and a tenuous detrital supply is difficult (Shikoku 
basin, NW Pacific. Leg 58). 

- Maill spreadi"K and oceatl ..-idening stages alsa inducc 
teClOnic reactions of conti nental margins, but generalty not 
as s lrongly marked by day assemblages as opening s tages. 
Amounts of primar)' mi nerais and assocÎaled species 
(quartz. fe ld!>p:lrs) increase temporaril)' , som etime!> toge
ther with various pedogcnic species according to the paleo
lat itudes (kaolinite, fibrous clays, mixed -Ia)'ers ), Man)' 
exumples occur aU a round the AllamÎc Ocean durinK 
Cretaceous stages (ex. Fig. 1). North and South h:hin, 
showing li phase shift due to their independent evolution. 
The fina l separation of African aild America in lau: Creta
ceous time al50 produce tectonic lIct ivît)' on the margins of 
Central Atlantic. refleCled b)' both chernieal and mineralogi
cal sedimentary componenls (Site 367, Cape Verde B3!>in : 
Site 114, Demerara Rise). The high latitude parts of Atlantic 
Ocean being largel)' opcned a long time before Ihe low 
latitude ones. the tectonic rej uvenation exprcssed by detri
tal minerais shows progress ive d(13)'5 towll rds the tropiel/I
equalorial zones (frorn Aptian in Cape Basin to Cenomanian 
in Nigeria Basin: Chllmley. 1979: Robert et al .. 1979: 
Chamley et al., 19~O). 

- Plate moremenU responsible for Ihe formation of new 
marine basins a lso eau!>ed changes in the continental mor
phology. One of Ihe most characteristic consequence i!> the 
formation and the progressive hierarchizalion of terrestrial 
river basins linked 10 Ihe new sedimentar)' basin. Kaolinite . 
a minerai chiefl)' formed in upstream zones of continental 
landscapes, can espress Ihe morphological development of 
river basin sy!>tems. when it appears for the first time in 
open marine sediments; if cpicontinental barrier!> such as 
carbonate pJatforms do not pre vent the transport Qf this 
minerai to open sea. the dela)' existing belween the ocean 
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Figure 1 
Mtso-ClnlJZulc mlljor minua/tJglcal t,'t"'S in Capi Vtrdt Basin (SII1 367_ LIt; 41 I)SDI'). and pIlIICHII\'ÎrQ'Untnflll implkmions. 
Principaux h~nemcnls minérnlogiqucS:lu Méso-Cino:t.Oïquc dans le Ila)sin du Cap· Vert (~ilC: 367. Leg 41 D$DP). Implications paléoenvi ron
nemc:ntale$. 

initiation and the first kaolinite occurrence ma y represenl 
the time requested for shaping a new ups tream-downstream 
morphology on land , linked 10 the new sed imentary bHsin 
(i.e. Sites 367 and lOS , Cape Verde and Cape Hatleras 
Basins; Chamley el Ill ., 19W : see Fig. 1). 

- Uplift and subsidence mm'tmtnlSo f asc ismic ridgcs and 
other submarine barriers control the importance of erosion 
and of water exchanges, by o((en refleCled detrital clay 
assemblages. Widel y eme rged ridges fllvor S1rong local 
erosion lInd IOCHI suppl y. as for ins lance in the hlles t 
Cretaceous on Rio Grande Rise (Thiede, 1977 ; Robert , 
1980 : see Fig. 2). in the Eocene on DailO Ridge. in the 
Mio- Pliocene o n K yushu - I~a lau Ridge (Fig. 3) and on the 
Eastern Mediterranean Ridge (Fig. 2). The subsidence cau
ses large waler exchnnge and a llows transport over Jong 
dis tances, Jeading 10 a mineralogical di versifi cation ; exam· 
pies are in the;: h.le Cretaceous o f the South At lantic (Robert 
el al . • 1979), Paleogene of the Rio Grande Risc nrea (Robert , 
19W) laie Ce nozoic of the Philippine Sea (Fig. 3) and of the 
Eastern Mediterranean (Fig. 2). 

- Other tectonic evtn/s can he recognized by ma jor c han
ges observed in detri ta l clay assemblages. On Ihe inner 
slope borde ring the Japan l'rench, the nbundance of primary 
minerais during the lalesl Cre taceous lime suggesls Ihe 
existence o f an ancient land-mass in the North·Wesl Pacifie 
(Oyas hio land-mass : von Hue ne et al .. 1980). T he mineralo
Hical di versification occllrrÎng since the la tesi Oligocene 
indic'ltes a fa st subsidence of this ancient IHnd-mliss . wilh 
drastic changes in submarine topography (unpub!. data). 
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The SlrOng Plio- Pleistocene movements in I.he Medilerra
nean area (rapid subsidence of several western and eastern 
basÎns al earlier PHocenè time, upHft of Sicily in Middle 
Pliocene increHsing towards the PleisloCe ne, uplift of Med i
terrantan ridge, Hellenids and Taurids close to the 
Plio-Pleistoce ne boundary, Pleis tocene movements in Pelo
ponnesus and Cyprus). are clearly reflected by mineralogi
cal changes. which appear much more important than those 
caused by climatÎc events (C hamley el ill .. 1977). T he 
relat ive stabilization of Atlantic margins at several Mcso
zoic and Cenozoic stages (laIe JurassÎc, Albian. la te Creta
ceous, P:.\leocene. Eoce ne) favored marÎne tmnsgressions 
and the developmcnt of marginal basins whcre fibro us clays 
(palygorskite. sepiolite) formed under warm a nd alkal ine 
res trÎCted cond it ions. The reworking of these peculiar 
deposi ts was favored by the subsidence along the marginal 
faul ts linked to the subcontin uous oceanie spreading (sec 
Chamley . 1971 and Fig. 1). The beSI large-scale period fOf 
the fo rmation o f f ibro us clays and assocÎnted mineraIs (opaJ 
CT, clillOptilolite) seems to have been the Early Paleogene . 
where the most suitable lectonic, eusla tic, morphologic and 
clim.lIic co nditions wcrc combined (sec Millol . 1964 : 
Na than , Flexer, 1977 : Chamley. 1979). 

C LIM ATIC EVO LUTION 

Numerous examples of cont inental climates ex pressed by 
pcdogenÎc delrital clays ex iSI in the world literature. Only li 
very general summary can he given here : 
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_ At Ihe lue.çetlllime a gcneral rcla t ion~hip exbts bctween 
the laliludinal d is lribut ion of days in continent,ll soils and in 
surfi cial marine !ied iments (Milio!. 1%4 ; Bi)r.:aye. 1965: 
Grimn el al .. 1968: Pédro, 1968). poinling 10 the main 
dimalic dependence of terr igenous mi nerai s. D I/ritlg tlte 
Qllutemtlr)' the climate fl uctuation) influe ncing soils .scnesi~ 
in a gi",en area. combined with the lack of diagcnetic 
influe nce. lead sorne workcrs 10 propose climatic r.:u rvcs in 
tcrms o f cont inen tal tempcrat ure Hnd humid ity. complernen
tar)' of the succession!i oblained from other mel hods ba:.ê'd 
on polJen. roraminifera . nannofo)~ih. pteropod'l and oxy
gen isotopes (Chamley. 1971 : Cita et a/.. 1977: PaSlourel et 
al .. 1978). In a gencntl way. the climatic signal of :.edimcn
lar}' cJa)'s improves whe n moving away from coa:.tal zoncs 
where hydrod)'namical sorting oceurs (Chamley. 1971). 

_ From latest Eoce,re 10 PleiSlacnle Ihe long-term trend 
r.:on~i~ts of .10 irregular cooli ng. e:.pec Î:llly weil documented 
in the oxygen isotope data (i.e. Shar.:kleton. Kennell. 1975). 
and a lso !iee n in Ihe da)' record (Charnie)'. 1979). Delrital 
minerais express this cooling by ,1 transition from pedogeni
r.:all)' evol"'ed specie!i (weil c r)')tallized Sll\ectile. kaolinite) 
ta ~pecies chantcteriSlic of rock~ and mooerale alteration 
(primary minerah, irregular mixed-Ia)'ers. degraded ~mec
tile). The decrease of weathering and pedogenesis. due 10 
the world cooling. IS al~o favored by strong sea-Ieve! 
chanl>es during glacial!interglar.:ial altcrn;i\ions and locally 
by a lpine lectonieal movements. both e\'enl) detcrmining an 
incrcase of continental ero~ion . The following climatic 
evolution is proposed from mineralogical data : the main 
cooling stages appcar al the Eocene,Oligocene boundary. 
early-middle Miocene. late Miocene and in the PIeÎ)tocenc. 
due ta iee-caps developments and regional glaciation~ : the 
average rainfall regime become~ progressivel y more regul,'T 
in the r.:ourse of the )'ear. and the latituu inal dimalic 



zonation more distinct ; climatic differenciations show pro
gressive increase IOwards high latitudes compared to low 
lati tudes; În desert zones there appear ariditylhumidity 
IIl ternations; Il peri-medite rranean climate c risis occurs 
during latest Miocene, matked by temperate-warm condi
tions and seasonal contrasts in humidi ty (pedogenic smec
tite , lacustrine pal ygorskite and sepiolite), which is due 10 
the Mediterranean Mcssinian i!;olllt io n from ope n ocean imd 
to the repellted sea water evaporat ion (Hsü , Cita. 1973, and 
references in Chamley , 1979; Chamley , Roberl , 1980: 
Diester-Haass, Chamley, 1980). 

- From IOle )Ilrassic 10 h~1e Eocelle warm conditions 
prevail in most latit udinal zones, as suggested by the 
predominance of smectite , probably reworked !rom poorly
drained soils (Chamley. 1979). S trong contrasts in seasonal 
or pluri-annual humid ity, also necessary for the mass ive 
pedogenic growth of smectite (Paquet, 1969), fayot the 
periodical formation of fib rous clays in peri-marine environ
ments (see above). Climate fluc tuations occur as in subse
quent ~riods, but the)' appear to be of lesser amplit udes. 
General relationships arise belwtell t'limale and global 
lee/onles, due to the migmtion of li thospheric pla tes under 
different latitudinal zones. The most relevant interac tions of 
this kind concern the Nort h Atlantic area , from late 
Crelaceous to 1;\le Cenozoic (Chamley el al.. 1980). The 
North American plate tends to move northwards compared 
to the Equator position , and terrigenous clays express 
progressively cooler continental cond itions a long the lime 
(primary minerai s: i.e. Site lOS. Cupe Hatteras Basin). 
During the same period , the African plate moves across the 
equatorial zone . leading to the production and erosion of 
kaolini te, smecti te and fibrous clays (Site 367, Cape Verde 
Bas in). Deciphering the pilteodimatical and geographicill 
evol ut ion of such clay associa tions leads one to participllte 
in reconstruct ing past lithospheric movements. 

HYDRODYNAMIC EVENTS 

Clay minerais deposited in the open sea commonly have 
vllrious origins and depend on the local current regime. The 
comparison of synchronous day assemblages recorded a t 
different bathymelric and topographic levers, under s imilar 
paleolat itudes. conlributes to the identificilt ion of past 
oceanographie conditions and their evolution. 
Differentiai set/ling proctUts oecur frequently on a general 
scale when moving (rom near-shore areas toward the high 
sea : minerais of smalt size , easHy float able and !iule 
flocculllbie (smectite orten associllted with mixed-Iayers 
and fi brous clays). remain in suspe ns io n a longer time and 
seule fa rther out than other species (jllite , chlorite. kaoli· 
ni le). The result is a general increase of smectite and 
associaled species in sediments d is tant from the cons!. 
Numerous examples exist in most seas and al man y periods . 
related or not to del taic fans; Quaternary in Meditcrranean 
a nd Atlantic provinces, late Cre taceous a nd carly Tertiaty 
of the Armorican and Afric3n mllrgins. etc, (i.e . Porrenga. 
1966 ; Chamley. 1971 ; Gibbs. 1977). In arid zones, eoHan 
input contributes in a significant way ta terrigenous suppl y. 
wi th changing conditions along time and space (i.e. Chester 
el al" 1972 ; Sa rnthein el lIl., 1979), 
Mineral supply by large mori,le Cllrrents generally replaces 
the differential seUling processes when going away from 
epicontinental 7.0nes . LatÎtudinal and meridional currents. 
as well as surficial. interrnediate and deep water masses 
intervene in a compleme ntary llnd changing Wily. Their 
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respect ive influence . o h en linked 10 main morphologie and 
d imatic changes (Le . Berggren, Hollis ter. 1977 : Thiede, 
1979), is frequentl y expressed by the small-sized llnd easily 
scattered clay minerais ; d ispersal patterns of Eastern
Mediterranelln recent suspensions, implications of Quater
nary glacial/interglacial a lternations on deep water exten
s io n, veloeity and exchanges in North-Eas t and South-West 
Atlantic and in Eastern Indian Ocean. la te Mesozoic and 
Cenozoic North-South movements re lllted to Atlantic 
widening and deepening, Cre taceous lInd Cenozoic circula
tion events determi.ned by the subsidence of dirrerent ridges 
and the communication hetween different sedimentary 
basins (Atlantic, North-West Pncific) (see references in 
Venkatarllthnam, Ryan, 1971 : Ve nkatara thnam. Biscaye, 
1973; Moyes et a/.. 1974 ; Mclguen el 01 .. 1978; C hamley. 
1979 ; sec also Fig. 3). 

CONCLUSION 

Extended studies on clay mineralogical slratigraphy of lalC 
Jurllssic !o Recent DSDP sed iments from Atlantic , North
Wes t Pacifie and Medi!crranean reveal var ious 10nl!' lerm 
trends, interpre ted in terms of paleoenvironment. 

ln mos t mari ne environments, clay sedimentation expresses 
less the autochthonous chemical condit ions than allochtho
nous e vents linked to ex ternal and inte rnai geody namics. 
Events are ehietly of 11 tectonic, climatic , hydrodynumic 
and/or morphologie na ture , and intervene on clay assem
blllgc by the way of surficial alteration, pedogenes is. 
erosion. transport and depos it processes. Litt le or not 
changed by diage nesis, terrigenous materials ca n he used in 
dec iphering the nature , amplitude a nd relative chronology 
of geodynamical events. One major problem consis ts in the 
possible superimposition of different causes: the conse
quent confusion can he a lle viated by combining vHrious 
sedimentological methods. 

l n a general way, the tec tonic influence and local suppl y 
predominllte in Atlantic ocean d u ring late Mesozoic time. in 
Mediterranean and North-Wes t Pacific during Cenozoic 
time , the cause of the shifting heing a different chronofogy 
in s truc tural history. Climatic and hydrodynamic influences 
prevail in the Atlantic realm during Cenozoic time . In both 
o ther basins they disti nc tl y determine minor but significanl 
flu ct uat ions. independentl y of major struc tural changes. 
Morphological changes are gencmlly connected to o ne or 
two of precedent inrluences . 

ln each basin. the lo ng-term trends in cluy sedimentation 
contribute 10 the determination, by means o f surlicial 
effects, of the dominant changes concerning the evolution 
of the earth c rus\. As li consequence, they represent one of 
the meeting points of geophysics , s truc tu ral geology and 
enviro nmental geology. Terrigenous sedimentation reacts to 
the major evenlS of internai geodynamics in a patallct way 
as do biogenous and chemical marine sedimentll tions. Each 
main external process reflec ts in ils own way the internai 
chimges; growing of new minerais in !lreas of volca ni c and 
hydrothermal act ivity : production and dissolutio n of calca
reous and siliceous tests partly re latcd 10 ocean widening , 
deepening and plaie motÎon : changing moda!it ies of det r ilal 
suppl y, largely depending on glo boll tectonics llnd inferred 
paleogeographie modificatio ns. The las t topic is one that 
needs more inte nse investigat io n, in o rder to progress in 
d ynamical sedimentol08Y. 
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