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1 - INTRODUCTTON

The CaEstd Maeing Geoscignves Comeeitlee. clabed s Tune 1998 & lean Mol -
Geoscicnees Az, Ghservatvire codasmbogigue, Villoiramhesue-nter — Ns desidod, fobowssgs 3
policy proancted Iy CIRSM, wr orzinize o pevr serics of focused aarkahops, Tlees iope: ive
been sedected: they coneen (1) Scientific Drilling Prospects in e Mediter ancan Sea snd alj-
cent arsas, (21 the A feican oontimenda] marging of the Meditcrmancan Sea, and (3% 0w @ Jeig-
e systems i the Meditenvancan ol Blck seos

This report results rom the first workshop, dedicated 10 "Mediverranean Scientific Drilling
Progpesives'’, held o Granada, or June 10-1 2 999,

The wiwkshep, whick was lecully omanized by Pu M. Coenes Izvsestete Andalez 4= Crencaas
de la Fewrn, OO mn0da Umversity - bas allowed 2 seientinis 10 give presentations and par
tiipate m bagh quatiy discussions. Among the padicipants, from France, Gennony, Greece.
tarel, foady, aipe MNetherlwd:, Romandia. Spain, Swirrerlasd, Tunisia. Tuckey and Unnsd-
Kingdran 17 of thern have already bewng involved in Seiewsific Tholling Opections o the vedi-
terranean Sea, welugme 3 foamer co-chiefs of (cean DAlling Progeam Leps, inohe aren.

Sewerdl 4l Liess scientists beiong o QDF - relmed nem:ional Commattees, or panels, ansd
e puslivi penl s stromgly invelved in the Jternaions] Comimental Dnllng Peeomam i6C0F). We
were pering Weus Lo create stmng wienific linhs Ueivesa Coptnental aml Marine Scientific
Dreillipg (CDP and ODP)L

2 WORKESLOM SCOPES AND DRGAMNISATION

The irals of the workshop were muliiple
« 1 bener inborm penizipants dand thus nationaf Conmaminiesy o he cumrond stake and foame-
tioeming of. Bael. QO ithe only antive program in Cleasn Sciemific Areliime) and 1CTP;
- 1o prowide an pveruew of alrendy existiog sroposaly and of dalling ince:sis;
- I s discusaions nomden wr enizieeely locus. or belp te fcus on reafistic peoposils of
COMIMOn ke rest;
= [0 provvilke i neport wedume LS walamap b better ddvertss te ntemodional commen iy of
Mg SEiennific issues gund good supponing proposals ), Lo e addressed w the Meditemanean Sea
ang samoundings.

T achieve hese goafs. the wockshop was orguanoed in twa inbds: ol presentzginng znd
discussions.

Mesemptions hisve been mide by all parmcipants. They have comenned, silber whil we may
call v, wedfor alreody exsiing. scientlic drilling poposals. o presertznon o scieneific
proldeas than com b adlressed by ditling. Fach poeseination (bevween 1525 i way folluwed
by yuoseions and open diseyssiens

Discussion - Un the altermocn of the secand day the participats of the workshop spiited ine
[w & groups for mare advanced disvussions. and o belier ideanfy and focus preendial major issies
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0 be wddeeeeed by dnlling : #he 1o 2roups, chaired by A, Robetson aml K. Eaeis, renprerTely,
wote dealing with Carth Intedor provesses and Exweanal prsesses, recorded i e sedimentary
wirver amd rockhe of the Madnermnen and Black Sca basing aanl merwine.

Sywheses of group dsewssiens are provided here in onder 10 hefp 1o bener enderstand what
e sume of the global beric questions w be addressed i this specific acex. 115 hoped that the
CIESM repon will thus rready help to better defime prioridy rescarch topics that could Be solved
by Scientific Drilling,

Drae do the reluzively restncted numbers of pactivipanis {10 be more offickent and o Tacilie
exchange betwzzn scientisis). the report conclusions do not necessanly reflect all potnmal
research topees e i solved by Soesnafic Drilling: we, neventhebess. belicve it consiinme: a paml
inrvducticn gl o vinluable zoppor for tunher Sciemitile Dmlleg in the Mediterrasear and Black
§23%,

3« INFORMATION O SCIFNTIFIC DRILLIMG TN THE MEDTERRANEAN (4, Robertson)
A - Ovean Drillhigg Progcasn

The curent phase of scieatife avedn Jilling (QDcean Tdlling Program) will contmae wntl
autumre 2002, scientifically directed by the Long Eapge Flan. which highluhts powentia ~Earth
processes” relaed o He carth's imieror 2ot eadenion, Currendy. pao vomplels proposats (under
reviesk’d ann 0 dnit in the Medierranzan Joving 1he present phase: Dror er @b, "Western Medi-
el ceep-sed fans”, and kopt er ol "Mediterrasean backsiop™. Any furher proposals will
med Lo be submitled to Q0P in the near fuluce (as complete prapasals) if they are o stand a reai-
st chaner of bemng seriously considered for drilling b the eqd of 2003, A number of proposals
fuawe recently been sulmured todnll in the M- Allantic region and thee there is 2 realisbic chance
Lhad the Jovcles Resolutiorn will return ocshe Alfantic daring the 20022003 rme window.

h - IOF Interoadioral Ocean Drilling Program

Adver Five yeins oF disgwsaiod, the Japamese Bave now committed to build (and fond) o pew
dnll ship wilh riseB 0P ptemial, This ship s sowedubed e come inse service in 2006 ad will
imizialby tee alde wr drill ap oo <3 koo dnowater depthod <25 kit The ship is @xosced 1w tecos on
dArilling 1he seiziezeniv eoae oft Tapaw for the first few yeat,. bt could dees move to other areas.
M iz, therelure. worth beginning planning for funere mser-ship drlling i the Mediterrznean (o 2.
Mediierrancan Ridge ainbior Coninale Gl

¢ = Fulure non-riser ship ?

The recenl CORELEX meecing in Vancouver (June 100) demansiraied & magor isreenariom
demand fer continuad dephryment of a Joides Resolntion type non-riser ship, larzely 1 wark on
“elinumic chiange™ progects that cequine celatreely short (100000 high rezalutton cores tusiog
hydranl e piston cover) icom many regions of the world ecean. A gaticmal proposnl is likely o be
ot 1 1he U153 Midional Sorence Foondaton 4o fund o futare sop ciser vessel, which mizht come
il secvice i the end of the present ODP phose (2004), o ler, The greater ihe scientiiic
demand. vhe preater the chance of having a fuwre non riser ship, The Meditermansan canwunity
chnwild thus mrm o submit futuee dargels for mon-rser Meditenamean drilling in the newr fulure as
prelimimary proposals.

d - Ablerpalive platferms T

The {OMPLES mecling also denowsirided & stecae dermand [or altemnative platforms, eg. Lie
Barge to 0l in the Arctic, ndusty Fig v dnll on centinental shedwes o nelatively shallow
wilkert, Parnersbips with industry and ez the Inbernaticaig] Continenial Drifling Program (FCD
arg envisaired. Possibilibes for Tutuce dnlling wsing “alicrmative platformes™ are thu: worh con-
sidecing {e.¢. Connih rilf pogjeci).

e - European ride in future scientlflc deilling

Al Bruecls m March (9% Bwcopean countnes ageesd W colliborae with 3 vigw 10 cone
ikt 10 futece [ntenstn] Soeeilic Gosan Dnlling {00DF;. There is now 3 need f0 T
lorward with seme urzency [0 ensure Europe maximizes the denefis of future pamicipalion.
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f - Scleniific themes of future ocean drifling

TFhe Crivip Fx meeling, Vancouver cmphasized the rale of integeated “Eanth Sysem
Science”. Wy ke jre likely wr inchude ! ¢hmaic. brosphesc {deep), gas hvdrates 4carhon cycle},
cAtdsiromhic svenls deg. sheest, Sohd Extly Svaten {w bedugrion “lactory”, spreadng “Tacion™
lumes and valatileg), mantle dymamica, Omly woubdeclass prolilems will be drilied.

4 - EARTH'S INTERIOR GROVP = MAJNY CONCLESIONS 1 Cyordinstar - A, Rohertson)

The ginup wdentified the “ubduction facvory™ sl “collisional processes” us refuled over
arching theses, in the Eenpth of the cxisting ODP Long Range plan, and the swis of [tere
it malional Sctaniife drilliag, as proqacesed ar the Comiel X meeting ¢ Yamrouver, |Y9y),

4 = Subduction tactors/eadlisionsl processes

The Esstern Meiliterzanean iz the world's ideal Jcation for sludy o Tundamental processes of
proaressive amd discheonous senbinents] coblision {¢ 2. fluid fow, mass ransfer) The Prin'y
targer s the Meditmns nesn Ridge wcecerionary prism.

i} Buchsiog Proposal

A full proposal tsee Kopf ef al., this volumer now s raubtited speing 1990 (o fpvesti-
B e rentfTuid mass transport in ohe “hackstop” 2 of e cenlr| part af the Mediemanean
Rafge (South of Cre ). The rear-part of the pri=m 15 fundneni sl 1o understausling ehe “subduc-
iion Faceory ' bal has never been studiad by scientific dvilling znywhers. This proposal alse aims
[0 Sty pwocesses of tegbom: exhemanion Op2rating in the proxinal Secarc region (hedind the
“backstog™k, and is relevant w proposed continental drilling {CT3P) on Cvete [ven Pupamikclaou
el dhng volume) Dunng e Worksbop it was decided o mtegrate Necp Riosphere abjectives
with rhix proposab ises MicKensie. dis volume ).

i3 Collicional tranzec

Adeng-levn adrm s o cumpiete a M-3 transect apross the Caneral Medilecranean Ridae. Mg
ebaimed during the revent PRISMELR2 Cruise (see Mascle efal. this vodime ) provide the basis of
4 planned new prebminary proposal to focas on the liming and processes of ftwctient continen-
tal collizion and 1elatedt Quid Mo (Magele ef of W pTEp

i) Sebduction/zocration transec:

In adhlinicon. data parovided by the (ELT supponicd] IMRMARIE Fruject | vom Heepa e af, § and
earleer Halian cruises provide the besis for g siudy of diee wiestern segment oF the b aditerma nean
Pidge aeveetionary complex (Dellz Vodava af af. this vadume ), Collision s anly, at most, incip-
mend in The western sepment and, thus, this area Provpies b windiow inbg (o “sleady stale™ pocre-
tionary processes A preliminary propasyl v being propal of ¢ Della Yedoya of o7,

w) Codfivionid processes

The easemmost sezment of the Afric an-Furasian plile boandary @0 the B
Medilerraneay Sea is an excellenl area oy the stwly of progressive (dischronows ) colbsiongl
Processes in an area wiver: a fares ORIy wecee is nol presered. Proposed drilling targs iy
build ve successiol pesglls of dilling of (e Eransthenes Searmount (DR Lap 160} and chy
recenl PRISMED-Z crujse, A nomber of potential drilking targets along the leading cilpe of the
Curasiim margin tupper plate) provide windows into difanent stales of incipient conifnental col-
hsion {see Mart, Mis volume: Woodside, this volume, a5 Follows:

- Florence Rise (West of Cyprus). cofminanon of steady-siute subdection:

- A nder Searwunts, colivional disrupticn of 4 promwniucy in the aver-riding plats;
- Bhades Basin, rapid flesura = vollapse relzied to colhision (foraland B iin;

- Hevarweas Platean, submerped ophiolitic fovearc.

There is also interest in doifling deeper in the Fraasthenss Seumaunt with a vicw 1o leating
the hypatheses of dl-relaed mapmatic Tocks 15 the soairee of the dsxociated magnetic wmmaly
A preliinenary progasal iis in progress, which would, hcrwizver, need e be supponcd by additivn-
el site survey dataaMart, Woodside, and Robertusn).,

3 CAF S0 Wharkehoo Egrips nla
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b - Rilltng processes

Back-are ares provide an excellenl opporiuniny o study fundamenty] processes af crustal
extension, fluid Now awd related semmacity. A mapor Eucopein woject i3 cormertly dewnted bo
Ll i-discplicary stwdy of M Cormh graben, Drlling on land (aoudy marging is planmed 1o
invetigice shallow (<3 kmeatenzaol Fault related processes. However, 4 deep hole will even-
tally Be peaded in ike centre of the Cornth Graben w pencirate deeper levels 16 ki) of the
Cuninth exrensional detachment system. This woek g be cavied oat by 2 Tugure IDDP Rxer
ship or by an ~alemative platin™ (€ ol wdustry criliing ng). I planned € sabic a pre-
liminary proposal om desp driling of (e Cogirth gruben m the new fulure.

¢ » Transform {strikc-slip prowvesses)

The Tunisian segment of the Morth Afiiean coatinental margin cecords a M-3 gt of s over-
all E-W, nfted Morth Alncan cowiimental margim, The Tunisien marzin experjenced nmliple
stazes of ohlique niting itransiensond] p duting Mesomac Hmes, and M-1Umsa s expenienced
ohlique collision with the in-cerning Evrasian plae & lurge gmount of hydrovabon industry dabi
exists for e Tonisian shelf and i madily avatlable A preliminary propossl may be subomited i
sty strike-slip related processes aiomg Ihe Tunisian macghs (see Bedir, 1z volome).

d - Post-rollisionnl processes (aragenic collapse}

A foer cod listom. arne2ens commenly onderpo collapss, the "cenical” sufuns, for reasons ikl are
pacrly undersiweod. bu include “rodl back™ of the downacing slaby, deep dekanminghon and oetich-
et ot the dense lower ¢nest. bloch progress weas made om stody of 1he liming and 1heemal hs-
ey of arogenic collapse by deilling in the Aboran Sea during Lea 161 Forther woik on this
40pIc i& I8 progress in the S-Baleanc Basin and adjacent ancas, and this may lead, b due cours:,
1o 2 preliminary proposa: 0 OB,

[m smrmmary, the current <tudiees of “Fanh's inkeriod” drilling wpics in il hMedinzwanean are
5 ol
- podiemamean Backsiop, Kopf, Mascle. Robertsan o @l - complele propesal. ander 1evigien,
- tdemercanean Collisional Tramsect, Mascle o of, - prelingmnay propoesal nupeeparilion:
- Mediterrsnean Subduction Transect, Della Vedovd ¢r af « prelimmmany propusal i preparaticn;

« Fasternmast Medirmanean Collisional, Man, Woodkide, Roeberson - prelimmary proposal i
e AT,

Each of these el kppissiiargels is of global sizaficanee and highlights secietal relevance 4.e.
sajarnic hazerd) and imtepration with loacal geology (ICDF}

3 = EARTH'S EXTERMNAL PROCESSES GROUF 2 MAIN CONCLUSIONS (Cugninawr. K. Eieaiz)
% - Stratigraphy, climale evelution, and sFa kvel varialions

Ihe seting of the Meditenangan Sea and the wljavem Bluch Sea wil: cespra o chinaty
zores and infleences by hipt- and lowv-Jativde climatic provesses oflers 4 widde range of deilbing
largets 0 address questions nf sea-level chiomge. st geaphy. amd climale eveluen. The Nils
Kivcr monitors precipitaunn in squatorizl regions sd i jepulaicd by e monseen sspsbem. The
istory of zleciation i high-Taviiwde northem conupead areic is mimored in Black Sea sedi-
merts ted by saege mver systems, aid the gvolution al climale in the Western Medilen e Sea,
whech s nlTaeteed Dy climate in the Allaaic Ovesn, i recorded in the R ol Livers Ul drsin
ine the Westen Meditemrancan Sca. Climat and iydrographic changes in the Bedils raocan
catehment have msulied in o peonnanced sycliony ol seslimentacy depusis ance e basal
Phocense (Lowrens ¢ al, 19060 and hevond i at least the Serravallian (Hilgen el 1997) The
cvcles have Peen vsed successiuily o estublish bigh-ressbutien sbtigraphbies by twing prosy
records 1 otbiral vpcles, Sraligraplng stadies on land outirops and ingores driihed duing OOF
Legs 160 und 161 show rhat ficst-order gatlerms O sapropels and thein veenignve Through time
o1 Lang! and i the marwoe revords are similar io the Plisoene welle Hebovene (Koo eral, 190,
Loorens of af , 1998; Speorjeri e nf, 199%). Musl are evew iSolromnws in ke tengaoal reselu-
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lion alfurded by tuning the supropel occurrences o nsolatian curves (Hilren. 1991 Leuens o
al, 1980, Similar sidics on eyelic peal snd ligeite deposits on land in the Morhemns
BledueTanean boedeclands (e, Momimersteeg ef af, 199 van Yugl or of . 1997 sagresd tha
combitkedd drilfing effurts on Jawd and at sea may be able w perform detiied < limate reconatn.
Lwns in & variedy of climate setines that acz all mirrored in discrete deposits of the Maditeramean
il 3arme of these possible wgens have been identitied during e CHm wrisrksling:,

i) Frodurinn of the Nile decp-sea fan oe ayy indicoror of lew-latitnde clmare exiadion

The intensiy of the Atrican Momsoon, which chasmels moesnare fom ihe South ALantie jnm
the Nile catchment aces, i< dependent on several varables, smong tkem the georraphical powi-
tom of the meleorological equatar tor ITCZ) and trade witnd inensiy 13 the southern herm-
sphece | Bassignol Sikck. 19851 The basic, how-Leitade rechamsm leading o sapropeis in the
Exatean Mediterrancan Sea hgs been in aperation it Jesst sioce the basal Pliocene {Emeis asd
Sakamato, 1999), and may have been operatjonal durings the Messinian and older times IR yan
and Hstr, 1973 Since appradimanedy 26 Ma. this basic, low-4aitude sienal has modpled by a
high-1a1iiude mrfuence simge the onser of NH glaciation. and increasinely s after br-polar glacia-
L higs becoine iy cstallished (Emeis of ad . submitied),

Drrilling o the Mile fan. which has recernly been mapped and invesi honed by avoustic neetli
o, sty shed hight on i biztony of the Afdcan Monsoon. o the role of toctanic wpdilt in Uhe
Fast Afvicin regron, and on the mAuence of sawhem bemizphees ¢limate om Mile auneli, T con-
puwton with stodies o derp-sea fans in the Western Mediterancan Sca and on the svalution of
sedirmentary deposits in the Black Sea repion proposed by warkshop paticipanis  and described
it the Eollrvaing abeiracez: 1. Climaie change and sedimentation in e Black Sea Region in
response i Flewsrocens climatic eycles, proposal Ty Flood ef af. preserbed by M. Panng; 2,
Turbidite systems i the Wesrern Mediteimanean Sea : conlribution of sedimentay Cacies 1o
uncerstand surbidite systens growih ard w evaluate taradite systom models. Alocso e f, and 3.
Sand-rich versus imud-rich tarhidite sysems a1 inlermediane aiogdes: siratigrophic respome o
sed-level changes, Dme ot of. — clomatic inMuemces and seu-level inflasnees on fan cvolumon Lo
the Mediterrancan reyion can be separited. An added beneli of dnilng the MHe Cone s the
expected poud strafigraphic comrol, beciuge Pleisiacens sapropel evenrs ore recorded n sodi-
menis o the Nile Fan {Calven e al., 19970 the stratgraphic control sfferded by the supeopel s
may be cxpeciod to exiend inio the Mestinizn in the deltaic sediment pila.

15 Records of Migh-resolution cimadc variabtling

Sedimenats imthe Enstetn Mediterranean are known to provids deal archives of ghobul paleo
limatee contipenta! and marae signalz, This is partly due n -
= the. bighly sensitive nature of this semi enctozed busin 2egarding climatic chamge. and
the destinet diftorences inovockrsal Gepe amt clinatichweathering histwey of surpownding cone-
ncrial anas {pros enance of wwaigenous delspogs),

Senrf-erctorga bogin

Th mther restriconl corculation i the Mediercancan Basin resulis nol wnly i delicuale oxy-
#2n0 bilwace. but alzg in g bottor: water [ormacion that s viry senailive o glofsl clinaim varia-
iiens, Thic is probebly one of the reasons why Mediten aemn sedimens reseuble Cretceons
sedimenis tromm periowds of pessibly restricied cireulanion, 33 ey contain regula imtervals ihal are
exiremely anviched in organic matiee This cyclicity it poverued by sslianuemics ] paramsters i
STVes as o perfect Hme-murker for Meditemanean Miscenc 6o recemt sedunents. Such oyeliclly
PETIRIS N Ahpresecented compirison of sarapics in identical Divag-slives but Dusn dilTerent -
ona.

froyerdice of terfipnous Jegeifs

There exists u large vasiety of continenta] characier stics nat anly in geologe st sagnatiere by
l+0 m vegetator and climatic 2ones in the circum- Mediterranean realen. This et allows deteel-
g tubtle changes in Global paleccliratic condithons i this area, wing genchemcal. pawrilog-
icab'mineralogreal, and palynologival prosies.
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A% SOseEnce, clmm variations ure wocurobely recorded in ghe sodimenary MRcots md
onlp by grviog vaaions an Lypival marine bul abo in cominenuilly dedved »ignals. The
Muonoonal indes 1 sieoagly aisociaed wilh Owe paleockimaic condikns in the circum Eastem
Meditermanear ancas, ie., SabwrafAlrica, Middle Exst, sd Socthean Europe, This association is
clearly refbeciad in sedinents as 4~ 21823 Ky pecessivacpieslled cycle  during wet oimatic
peLiols wrganic-rich sedimenn Caaproped] is degssated comlaimmg sirng rives and marine produe-
Uvity siymals, wheress degig ey climane peansds oraame-lean osypenated seditpems Sue
deposited containing high dwsd oyl giemal: The variows types and apes of vortine il vk -
vounding the Eastein tdedaenimedn facilitoe establishing proveenznce studies of o gl e -
Ao el wainz o sumte ol nagor. oo, and cxhotacer elensns,

The Eastern Medierrunean. therefore. ix an ideal area to study fand-sea tntesactions of ofobat
paleoulionaiic varidiions, in panticular as this area iy influenoed pml preserved palecscliman sis-
nzls froen the rmad wy high latiude oortbeern borderlands (o e low Tatitude aonzoon 10l senced
solicher borderlamds, Crwine by the extrome sensibivily of these horderlands 1 subide Cirmalc
chaoinges, the Easiern Medilenunean 15 o sidentisl teasore for palenchinwic research, espacially
W lncations wilh [t gh sedimentation rares.

Faleoclimatic stwdies watky & v resolution of better than o fewe 1) years. are harspercd it
the Eastern Mediremanean due te the relanvely fow sedimemation races (T-A4 cowkyr) af siles
studeed thus b (g Emeis of @l 1905, ODF Lea 16h. Recently, o tow sites wore foond in key
arces with sedimentation rates of 10 20 cnvkyr Al these sites are loceied in ancis of potential
major changes in paleo-bodu-wat 1 Foemanen, e, the Acdrianig aad Southem Acgean Sca. or
with major changes in climatically controlled freshwater inftus (Mile phome), The pretominan
study of the former sedimenty forthe Last L0 kyrs indicites an unprecedentzd time resolubien, and
the accwratle &lection of mher sborpt mapor chanees i climatic (contincnelmaine ) coudi-
bk,

e Mg advantages for ssch high sedimentilion rale siles ae

- hmit=d or no oxsdanon and consequent presereation of seversl labile chmatkc proxaes (e
crganag carbon, dimao-cysls, oollen., Bomarkers,

- less sewene eftects of bioturbatian;
- tugher time resolation permidting the derection of aboupe eglaively sapid climae chaoges
[potenoally Heindich o Thussgaard Ooschger typpe evenis).

Leg 104) hes resulted 10 a2 wezlth of scientific paleochmatic cesults in particnlar for oLamic
rich mtervals. The oxic inlervals in hetween are nearly bamen in organic tTnatier, cootain sl
nex dinog wsis, polien, amd trganic biomarksts. Thouph perhips ortginally pregent, the 2real midjpor-
ity of the caganic climwti: markers has bean dextroyad inothe oxic Titervals and cond lusions are
solely besed om the ocouerence oF such proxies i the rermaning oceatic-eich mervals. Thes con-
siferaRly limits the patential interprecannn of tese records. o the abbve mentomed high s=di-
Menialion yate siees it will oo only be possible o etudy these pooxies in nen-sapropelic intervals,
but alsa b Cetect lithescale events thit are much shocter than the 21-23 kyes peoodicily of orbatal
cycles. Heiwrch-rype evenrs fave been fuond amongst others in Allanis amld N-Indian Coean
sidlimenis, amd possibly in the Alboran Sea Bt Seems thecetors ikely that these rapid climatic
evral: will also have been recorded o thes eovironment that 1= sensitve tclmatic changes. The
excellent g conbml frome Kecent 1o Miscens o beyond Eor the high sedimentalion D sites in
1he 2astem Medilerrapgan would pami e onty the detecticn of such evenis, bl al=o the ezrab-
lishnwvant of their exsct 1tnaing bewoml 130 w2es down 190 31 least the Miocene GF presan. Al
(i relanod (o the astronamical cyelicity

D - The Deep Riasphere : questions that can be addressed I the Madilerranean Sea

In the early to mid- [Y940°s, peomicrobiologizls working wilh semples recovered from dinil
holes vored by the Ovean Drilling Pooeram [ODF) disooverad that bacieria are oot only present
an el erearer d2pohs (730 melersh beneath the deep seaffoor tham sas presiousy fhoughi, but
they acnully thve there in colosgal numbers (Parkss o, 192, This exciting discovery has
lead 161 & mzjer new moanye wethm CIOF o stuily the deap sob-geafloor biosphees. The ez of
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tkis major biosphere and the nniuee oF the “earemophiles™ hiving, there are essentially wnknown,
Choean drilling offers the poaential to probe this unexplored warld of the deep subeseafioor, which
Fepu esents a amigqus habilal than croaples irspleredrensphere cycles, BExplorig down e the bose
of tha deepr sub-seaflooe Trivisphiare will Tiave mpartann societal imnplications ke new bintechinel-
vy applicanions, {or belier umlerstanding the peneraten of Sydrocabons and ore deposils. for
defining as yel unknman componenits of the carbon cycle. and for evatoaong the aoeins of life
an Earth and elsewhere,

The Meditensanein Sea is an ides! hwation o ondertadee deillong campaigns b bvvesoigade the
deep snih-cea il bickplrere Turng the Tnde Meopane, the Mediterranesa sedimensuy basing
were repeatedly the Ieation of peoaliar envcnimenral condiieng, which led 12 the deprginng of
highiy arganic carbonerich sedimenrs, kBnoeon an saprapels, Dnoaddinan, dirans e b ciniz
Salinity Cewis in fhe Meditaetamean, 2 thick seqdence of evaponte sedenenns i depwsated
hasi e pdde wtle the degicoanion of the decpest basims, Benedath e @eapsine ane alder sedimants.
which also contain hipgh amswint= of aganie mater. The thick ecapnte sequence essenlal by
serves x4 cap-rock <eal bmating the cpward mioratinm of alreeed orezne matler (peiroleumd or
pases. Thes frappang eHrct prosduces an obvious zafetypollubion havard and has prevenied dnlling
deep imto and through the Messimizn evaporites. I§ it wen: possible oo drill threnph Thess feaps
u=ing advanced dnlling technolagy with Tl presenrion eqgeipeuen, am onasal ialed deap
bisphere crenmumity coald be penetrated 2o anplad.

Theve ace naial windows i wnis decp, Bolawd basphere, inhabitants of which oe veey
likely patof the miceabial coavmunny in e scdinels of so-called mod selearoes, They mark
locaiang where averpresswred mud ongitaiiag o the docp loveds of the accretionary wedge of
the Medilcrrancan Fidge 3 extraded w the seaflocr, These chimmeys pparently vent methane
and fluids ard hosl gag hydrares in elose 2eoximity (<20mt w e sealfoor Ome might suspect
that carge methang flavcs theawgh mad voleanoes, 3% ifemed from the free meihape amomalies
Tound in the watee codumn an op of the voleanocs, also Tecd active bite ma colonies 2 depth |
O e Dther band, Jeep epanaime biklema, making pact of the erupted mud (pos=ibly coupled
froamn below the vapontesy, have probably been cosed ber the mud erupton process to depehs
degllab]e by convenasnal ODF dnihing lechoigues,

O the wther hand, the chse proximiy of microtwally viable organac matter 1 the sapropel
layers snd ihe undetlying evapanies in relaiively young (ol desply buried) sediments is rather
unique o the Meditemancan. Where fluids have penetraied the cvaporiee secak and migraed
upward through the pvetlying Flivcene/Pleiziocene sedirmenes, pore waesr znalyses indicaw cle-
valed salinity due o he dissnlucion of the more seluble minerals along theic panbwa v, Thess Fu-
ke wre vaniicularly enriched in sulfate ions, which can be wsed a2 2 remingl ¢lecrcn seoepor
promate anaerohic degradation of :he areanic matter i the sapacpel [ayers Thus. the ingreaienes
fur am acvive deepr sub-seaflonr Bosphers ave gvailable amd cosily reagbed witli e digdl-shmg.
netkwg e Modidenwiesn sedinent, o Ledie system inowhich we explore Tor ehe e wub-
sealhaor beospliere.

Preliminary mucrobia stadies were undertaken om the receng ODP Legs 160 and LEL with
gncouraing results. In partscular, studies were conducted on the sedimentany sequence Tmm Sie
. which is bcated in 22 modeep water in the Eastern htsduemuenn and conlaing approai-
freately ¥ capropel beds (Cragg ef of, 1950 The odlected data demaonsirale thal imacrobial 2ctiv-
ily worury with depth Lheoug hout the enfire 11é-m-thick Pliocere/Pleisiocens seguenmce, even in
sediment a5 old as 5 myr. The macrobial activily varies within the sequenve, wilh the tacieral
counts beang higher in the saprope| [ayers than in the surconding sediments (Fg, Ly

Higk stlfur conoeiieations presenl it the Fem of prrite also reflesc this bacterial acrivity, The
ickal ameunt of suffur increases with depeh showine than bwctecial solfzie oduction does nal
ocewy oaly af shallow depths bt coatiness after deeg Burial. This continued aclvity 15 suppon-
ed by the s of aeehiate froan below, as shown by the pore-waner aralvees. The culfate comeen-
Iraticm threughout the sequence wis abways equal io nE eeater than seaveater and merased with
depah, Thas prebminasy work isdicates that the combinanon of visble organic maner in the sape-
pel bayers and sastaiced hiah sulfute concentralions are cxsential ingrediz=nes Eor promeding con-
finued Bactenal sullie reduction with burgal.
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Thus, ar excelbeni patensinl to shiedy 1le pricesses poverning the deep siheseafloar biosphere
exiils in Medierranesn sedimentary deposite In particnlar, the repular injection of Grzinic mai-
Ler inlo the sediments ol frequent sntervals w form tee sapropel layers proovides condinions for
contrelled expeniments in i raloeal lboratury. The sapropet layers ane poduced a0 specilic inter-
vals, approximely every 29 10 25 kyr. in response 10 precession-contresled climate changes.
Knrwledge of 1his tizaing allows For goind ape conteol. making i prssible o stody changes in the
mucrobdal community amd their tdearic subsimte with depth and determane bz seech a <ystern
evilves with bme. Fuiure drilling of 1he deep sub-seaflour biosphers in the Meditermanean will
require 3 dedheated legtsh o undertike such expericents and will be possible with the conentdy
vanuble dnlling technology, To stody e even deeper aml potenlially more actrog and more jzo-
lared Bacsphers will require the techmcsl ability to sl in regicns w4ich have been previops]y
avoided. such as dalhng into the Messinan esaporite sequences and peoelratinge potential bvdrg-
curboee vl and gas och zanes. Such @ program in the Meditetvanesn most await the armival of
drill-ship capable of dnlling safely in these envirmments,

{820 peforenees in unmex, |}

& = CONCLUDING EEMARKS ARD RECOMMENDATIONS

Scienmific drilliog, conntined with e sitn down holes measurements, are cnucial i betrar eval-
wte, study abd upderstamd some of the Barth's nienor and Bxtermal provesses hal are parlicu-
larly well reconded in the Medilerronean Seg and surmoandings,
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The Gransda CIESM workshop wag ws almed 10 selecd smong the different propesaks and
icdeas Lhat were presenied and discussed during thess three cays, Many of then e stllim an carly
stagee of preparainy and will be uppraded during the coming yvears, They will be shus ready for
post DDF phiee of Qcean Drilling ¢ 1ODE and following programs)

Arcng I diffcent praposals dissuased, oo of theen have Been alicady submiited o ODF
Tuwtzy ieadivial Cvalwarnns. A tvnd o is iiending wr el o Bewler evaludaee scismic hazards thail
are. aften, and paniculacly ecocily. accoming and stuongly dawnaging the Mediwirancan conci
ncnlal borders, paniculzrly n Turkey ard Greeoe.

Ome of the ODP maluoe proposals i adirested wo specific ool [Liomal'cenverzent S8eng par-
tcutarly w the phrsical stale and hydrolopical condiizons of the Medilemanean Badge backsiop,
Soulh ol Crewe.

The wirkshop participames s120nely sopped s inteargiion wirh propoesd anchors Crere Toland
Continenral Dealling (RCTYPY i grder 1o preavide a Tall zed ol informatan on wpper coisnl deti-
e Fion sechandsins 2wl hushore e 10 the ackaiopp and thig G chain e wansect nomoal 100
P collision” plate bogodary, Swel wansect inay he, Tacer oo, conm pleced by deilling aoooss the
ralliskranal arcretinbory wedae,

The participants bave alwo bren very inlerested by proposals addreszed to turbididic and lans
system. H iz strongly sugyested o upgrade, it possible, the Rhdne fan proposal, toe example, oy
incrzasing the links bovween siretizraphic studics, high sesolutions elimatic variubilitivs and sea
level Hoctuatons, I bas been siressed el e Medilemanean Seaoand e Blach Seannzhn peo-
vide wlesl arcinves For soch combinesd studies due e distinee defarences i climatict wesdhecing
listery of sumousrdme contmencsl aeas

Finally. the pagticipants have bozn guile impresaed by what is already Enooan om the deeposub
ses Floor bipsphers, whose importance o5 only recoRmized since the early 90's,

The Medierranean and Black sen: appear as parscularly good condidates to mvestizate e
decp sub szz Floar biosphere and 1oz therefore strengly recommended 40 conmider such Held of
investigatings v any kind of Scientfic Drilling m the areo

W feei this CIESM supponed workshop has becn a preal suceess, Mot ondy it has allowed to
zenerale discaszions and interaclions amang Earth 'z Inkerior or Extermnal processes specialists, but
it pravides ihis scientific repon which cam be regarded as a synthesis of whal Ihe aear fuiuns, and
Future., of any Scientific 1xalhng in the Meditemrznean 523 and surrounding may (or should) be,

In this view. we fullv agres witk: the idea of an irteprated dalling concep . desieaed on o med-
lilar basis, wth long term planming and concdinatien between amsbaee and GTsRhore o e awd
bretween Earth's Intenior acd Earth's Exieroal processes propusalss.
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Turbidite systems in the Western Mediterranean Sea.
Coniribution of sedimentary facies to understand turbidite
system growlh and to evaluate turbidite system models

Alonso, B. 1*, Ercilla, G. I, Pérez-Belzuz, F. |, Baraza, J. L, and Canals, M. 2

LA - Genciewcios Marina:, CSAC-L7R
! heeniny e Clancias def Mar CAIC, Barcelona, Spain
¢ Llavprgidoed ofe Bareetora, Barcetona, Speii

ABSTRACT

The Bhro Turhidite Syatamy and the Guadal feo Torbidite System: e ocaned respeaavely in the
MW and the 5% Mediteiranean Saa. The Ebro Turbidite Syslem has developed during the Upper
Flincens end Qratemary, has about G0 ms (tartt] of mammom wickness and toserns an ares of
JO0HD ki Ies macin architectural elements inclede: muhiple shon canyens. shdes amd masy flow
elppsiis, channel-teves complexes {enive-depositinnal and deposiional ), wmberchennel areas.
aiwk hase-of-zlope apeons The Guadalfes Tarhidite Syseem has developed dunng she Pliocens
andh e Croaternary, bas shoat B0 ms Giwil) of maximum thickness and covers an ared of
100K) krof Tt i5 cotnposed nxinly by 1 fanbobes fchannel-leves complexes amd channabized
laksesy. The drilling i thexe turbidite sysiems fas a wide soiemific elevunce hecaose they offer
a good oppentimity 1o inefersiand the growth poncesses of small, mized webadice sy stems dod te
improne the existing sedimentary models of tucbrdibe svstems Jocaed i sem-enclosed bisins.

IMTRODUCTTOM

Blosn of the studies on deep marine arens ddistal macging and hasins) refer 1o fwbuding sy tams.
The twbidile sysiems pepresent volumetrically the most importanl sedimenl acoumulalion o
deep maeine envicoimenls, Studies on turbidite sy50ems provids insighis inlo a vanely of dowi-
slope (oceasicnally also wongskopel processes of trancigrence of sedimenis from the shelf Lo the
bagin. and inle the mole plaved by climpe, sea-level changes, tectonism, seatloor phygiography,
an sedineent sowces on deep maring sedimentation.

The rurhidite syslems display a greal vareyy of depositieaal models. with distivct mocpheolo-
piats, intermal stnactures. and facies associations (Shanmogom amd Moicla, 1983 Therefore. the
recent studies on maodem and ancienl wobidie depositicnsl svatems have teainly comenmaied on
the understanding of tacies and relaed depositoonal processes (bMumi and Riegi-Lucehi, 1975;
Rardin edal . 1979; Nilsen, 1955, Facias conbolling wrhidite processes sml gnowih of purbidie
sverms (Normark, P78 telson and Mitsen, 1954, Stowe or af,, 19831984; Pickering e o,
1986 Flood er .. 1997, The Ebre Turbidite System and the Guadalfey Turkidie Sysiem in the
Weslern Medite ranean Teprasent two goodd examples of Lerbndile systers where detaled studies
of seafloor morpliclogy, soadipraphic archileclures, teclomes, sediment sources and sedimentary

13 1€ 28 Workshap Sodles nvE


https://ciesm.org/catalog/index.php?article=1006

1-!-"IS'I'THSI‘E"I.:'P L !-_I'EI:‘-' TE-"I;-HHI-'E.-‘IF_I SCAEMTIFNG DALLNG PADSFECTIVES - Srangoa 112 Jung 1409

facies have vontribued w0 onderstand e deve loprent ol uddite systemis (Melson er af.,
1953301984 Ablpnsa er ml, 1985 O'Connell e A, 1987, Nelsom and Maldonsdu, 19855 ARmaso
iend Mlaldemedo, 1990 Pérez-Bolone of of o 1495, Pérex-Belzur, 1999, in press),

Quanlitalive sUdies om torbidite sysiems reter mainly w sedimert supply and gronersc pare
meters, The amalysiz uf sedwmend supply in tobidite sysiems huas iocussed mainly on the quanife
cginen of the sedirmenl wansfer supnlwed by evtema] sources. mainly nvers fwray and Mo,
POTE; Allen s Allen. 1990 Weazel, 199051 Ths transference is controlied by several fackors, soch
as nyer tasin comfigurdtion, available sediment type., fiver mouth vype. wod sea-fevel changes
IMoore, 1900, Werzel, 1993 Quanufication of geometric perameters bas focussed mamly o0
delemmining its external peomsly parameters, such as length, widlh and maximem theekness
iMormark, 4705 Nelsom and Milen. 1984; Bames and Mormack, 19850, Sne authors have ssian-
irshed a comgfation between sedinent supply and length in oorndine systems (Werzel, 1903,

GEULUGICAL SETTING

The Fhio Turkiding Zystem (NW Meditemanean Sedd and e Guadalfeo Terbadile System
15W Medilertaenn 32a-Alboran Sou) are located in quite differe i woronie, physiographic wsd
senlimen: supply zemnes (Figs. 1 amd %

l1%g I

L

Malome kiand

Fig 1 Shaded asgan-depah batbyrsris niap shoming the pathways of the urdbidile chanmels of the Ebro
Tiwbyrling Bartien, MW Madibe mandan Sas,
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Fig . Schematc 3-0 view shawing the kocation of the Guadakien Tuiblmle Syatecn. Fagder rmeens, 2ampons.
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The Ebed Turbudibe Svslem develops off ifbe Ebro River in a nestrigtecd basin located beaoween
iwo ‘angmasses. ihe Iberiam Peninsula ang the Balearic Proonontory (Fie. 1101025 ocated on the
frerian puszive conttental margin, whicl comprses o Wwide contméntsl sbell {up 10 70 km) and
3 niuroel slesp contingntil slope (184 kml. Uhe Ebr Turbadite Sysiem develops irom (he slope fo
ihz hasin Aoor of the Valepeig Channel, between 30 and 135080 m below sea bevel, covers & large
arzie of JO0 K and Tas o length of 62 ki (Ao and haldomada, (990, Importane ediment
supl ¥ 10 thiz sysiem i dered Mmom e Ebro River wioh o drainage basin of $4260 km?, and is
{vd by mulpls submasine pont sources epresented by at least s=ven shon canvons {513 1), The
gealogical seiting can be desonibed &5 0 "Type © basin” based on Mutri wvd Mormark (P87 clas-
sification Type © basing are fonmed ovet oonientol crust have relatvely long-lasting sediment
supply, amd have a sirootrel |y contr led Basin conliguravon and evnlution.

The Cugdalfos Turbidie Sysiem develeped in the Moenth of the Alboran Sca (5W
bediterricieany in o semi-enchased bisn Tocaled between the Thenon Penineula and scvera! sub-
nranne wolcome highs. It iz baill in 2 wownically setive mangin chavacierized by a wery s
shell ¢ 2-4 koo aisd slope {190 k) Tz 23, This sonalk <lasie depusiivoend system (3 ko m
lengihy deveelopes ol shallow waters (100 e 2530 w0 waler depth) and cecerves sediment maindy
Erent o small river, the Guedsllea River willl a drainage basin of 13540 kimn® and a scasonally vart-
able disharge, and i3 fod By six sobmasine canyons shiveaeg different sodimenary acivicy
throeegl meng.

WHAT ARE THE AVATLARE DATA

The Ebro and Guadalfes Tudbidine Svetems have pariiewady been stodied by means of s quiie
complete set of geophysical and shatlrw-onee daia These data have allowed & pood kanwledge
of - A a very detwled rogmbalaey based o side-icon soaue (TORD sl swath barhdy metey
(SIMEAL EM-12y; By high and ulira-hugh resolution siraligraphy and sedimentars anchiecture
deternmnired with simgleaclommel saismic reflection profiting systems (TOPASR sysienn, sirgan,
spacker) aml wuliichannel systems, and OO cecent sedimemary processe: saablished witk gravi-
iy cares Yo 19 m length).

WHAT v WE KNOW FROM THE SEISMIC STRATIGRAPHY *

In e Ebrg conlinental margin, we divided the posl-Messiman mo a lower sequence
tPiocene) and upper sequence (Calemary) lallowing the works of Alonsg (1986} amd Ficld
and Gardrer (197 1 Fiz, 31, The bkse oF the lower segquence, réprasented vy 1he seisntiv reflec-
tor M, s characten xed oy o well-defined bigh-amplitude refecoonr thet corresponds 10 the wp of
the Messinian evaporite sequence {Byan, 1973). The lower sequence appears tanspacesl in the
spatker profiles, prading upawiards o subprrallel sirmilied facics, The stratiticd kacies is com-
monly interrupléd by lenses of transparent facees whal are ictenprated as chanmel deposics amd
apvons fommed by mass-transport deposis. Excent near the top, where small channel depasits
oecur, W lower sequence Bas Tewey chamels than the upper seyuence, The thicknes of the
lowrer saquence renges inome more than 1200 m nedr the slooe in the sourhern area (Field sidd
Ciavdweai, 1990) o about MW m on the basin floor in the nonbemn area {Alonso, 1986). The
burndary belwaen e upper and lower sequences is macked by a steong Teflector lermed
Eezflector G. Alonso (1956 mapped s reflacior and sugeacted than it reprezents a gently =0a-
ward dipping sarface, excent in wreas sttected by volcanic inousionss and palecdchannel refef,
The sesmic charater of the apper sequence variey from the slope W (e buse of slope. The upper
sequeme v characterized by stratified Icies amd is incised by submarine canyons on the shope.
Whereas, on the base of slope it s cornposed of steanifed Tacies bl manly of pinch-and-swell
refleviors assovialed to chadic and lranspurent acies, This asseciatica teprasents channel-ievee
vornpleies and aprons of niss=teanspon depasiis, and thexr facies putlemn composes active em-
5ive-depositionil chunsel-levee complexes averlying « series of shandoned depositinmal chan-
ned e wer compreses with floors pacteally blled 0 ke porthecy aad southem saetons. and base of
slope aprons in the cenral sectar, The thickness of wpper sequence mnges from 200 w 480 m.
and ot zenerelly thins to the East.
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Fig 2. Seleclst seismic profiles serase the Ebro Turbigilc Syatam showing iwe ¢hannel kyee corrpienss
inumbers 1, 2, 3, 4 argd §) angd ApRon deposits iMtlar A1 Legend: M. selamlc Fratecior b of Maaseunn T LY
G, sedsmic Redlecior G hat bounds the lower sapuencs (Pliocens] and the Uppwn Bty {Calernany.

Nine letiticaler acoustic units ot chnedolever complexss were identified within the ypper
sequence alehg Lansverse sectons of the base-ol-slope {Alonso. 19836 Alonso & ad, | 900 Figld
angd Ciarcnes, P90 These omts have been descritval in detail by Nelson and Maldosado £ 19555
and Ficld and Gardner { 1%90 The lenses incnease i number and size upward theough the upner
sequence (Fig, 33 The floors of the chanrel-lesee complexes generally contain convargent sirat-
tied Facier winh the thickest part of the lenses yepeesented by Irnsparent Eicies, The bases of the
levees are unconfottiable whers the comvergen strandfied reflectors onlap o1 downlap. Lodwvidyal
chianiel-levee sompleses ares 25120 ms shick wd 5- 13 km wide. Bach clunne-teves comples
iz an elomgaied lentivular budy that exiends downslope from the imouth of 3 glope canyor (Fig. 3]
The thickiess o wimds conrples decreass towands the basirt and the marjmum thickness s aways
Fouad an the souhiem levees, The lengths of the channels in e northem sscior cange fron 25 L
32 krn, and mnued of these mlerec! with the Valemia Chansel an ebout 1700 m waser depih
CAlonso ef el | 195 I comtiasd, whe avevage g of the chamels in fhe southem seeror 15 53
k. und none reeches the Wals e Cluonel, wlose oo iy abeer 1300 m eep in this area (Field
and Crardner. 1990,

The Plio-Cuaternary seismic stratigrapfy of the Guadalfeo Turbidite Syslero has been exiah-
lished by Pérey-Belous (1999, in press) who detines Dno seismig sequences, the lower sequence
{Lower Ficoene: and the upper sequence {Llipper Pliccene-Chuatermary (Fip. 41, The bower
gequence i5 U above a siiong basal uncomlomaily hat cooelates wilh the seismic reflector
that i5 well expressed wound the Medilerunean Sea (Hsia of af., 1973; Rym. 1973; City, 1957
The Jower sequence, which bs compused by a single seismic wnit (B, i3 ¢luracterized by dis-
wonlineous ww-amptitude stratified and semalransparent seisemic facies 10 the high resolulion
sehsmie reconds. Fhis fagics grades upwards o contituous and discontinueus high-ampitede
strutified agnd chiobe Eacees doaming Jenticualar budies thal belong 1 the rst fanloke identified
the: Ciuxdalfeo Turbidie System (fanlobe &) Moreuver, muliichanne| zeismic seconds gllow to
recugries 3 large canyon filt body (3 km wide. MW m whick) 10 the lower pan af Bas sesmic
weuence. This meins (ha the Guadalton Turbidie Svslem s actwve sinee the Lower Pliocene.
Tae mulizlicn ol Uw sedueentacy activity of his tarbadie svstemn 15 probably relited w the
Pessmian Salinity Crisiz (Upper Miccene) The maxinti wickness of e lower sequence
CF) sy 1 lound im the lower slope wnl base of slape (Pérez-Belzuz, 1999, i press) tFrg. 41
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Fig. 4. Fhgh resoiulicn seimmu profla (mgurh showbig 3 TARSArss sachion of saversl [Aniobes (C, D, F,

G, H, J! devaloped in the Guadalfes Turbidie Systarm Seoe Leance n Figas 2
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Thee lowweer hopndary of the upper ~equence i@ marked by a izl amplitude seismic refbecior
that cam he (raced avownd the emise Alboran Sea A lonso and Maldenado, 1992; Campille er .
190} Pérez-Buolars of of., 1995, Barada ef ef . 1997 Pérew- Belzoz, 19, i press} The upper
sequonce 15 subdivided in five seiswic wns (P12, Barly Upper Pliccene; PI3, Lae Lipper
Fhiccene; <11, Early Lower Quaternary; C12, Lae Lower Quztermary; €33, Lipper {uatermary b
that are linited by distinel woconlivmities passing hasinward to condensed sections (PEre:s
Belewz, 1939, i pressh The upper wequence 15 characterized in the slope by canyon-1HI0 degosits.
These deposits compnse chaatic and high-amplijude discontinwows fcies, conine siratifed shpe
Bacies, In the base of slupe and in the Motnl Basin, chanmel-levee complexes ard channed ized
lodres ane predutningnl altouah smanfied deposits and debris flow deposits am locally wdendified.
The ugper sequence reaches s matimum thiskness of 30 ms i the base of slope (Fig. ) (Pérez-
Beliuz, 1999, in press).

In she wpper sequence mme fanlobes are idevtifed (B, C, 0, E. F. G, H. [, I} wkich are fed by
s1= submanre canyons. Thexe fanlobes that Buve been buill on the slope. base of shope and Maorril
Ba=in, and are compesed Ty ehannel levee compleses that can evelved basinward ine several
channelized lobes. Based on submiznme sediment sources, fwe types of fanlobes e disringaished;
mulliple-source Fanlobes (T, 43, T3 thia are fed by several canyons. and poine source Manlobes
(R, OO FOH T ihar ave Ted by only g sinele canyon (Fig. 4). Individuzf Fanbabes are 80 300 ma3
thick. 13-3t km leng, 837 ko wile imd his & velume of 5-65 ko | Péres-Belzoz, 1999, in press)

WHAT DN WE KNOW FROM THE SEDIMFNTARY FACTRER?

In tfee Chro Twbidiee Systein, Gise Tcies avocaions can be detined foc the Lae Quatemay
(1} chamnel flkeor of ewsive-depesizional chamnelbeves compaex facies; (2) Ieves of erosive
depusilional chzmnel-lever comples [aies, [3) deposilivnal channe-leves complex facies: (43
ipterchanoe] Gocies: and (Spapron faies The channe! Moor of emsive-depesitional channet-deves
womplex facies {11 vonsiss mauly of rmaxsive samls. The leves of emaive-depositiondl chanel-
leyer coreder facies (2115 cliractericed by torbicie sequences shiraime Boun s Tose, Tdee aml
Te intervals. The deposuicnal channel-levee comples facies (31 (Flood aiel kree) s claraciemel
by alraricdant obsidime ewds (Te aliemating with o (= Do daek Tocbidice ssud ol lavers. The
intevchaniel facies {4} comsas predhoninantly of trbsdite angd heripelagic nmds, with alew pro-
portion of sand-5il0 layers The mierchannel lacies s Jdiferenianed fowm e leves of erasive-
depesitional Facics (2) om the basis of fewer und shinner saved Deds with o Jess hiylbowe
distrilration. The apron Berwes (5735 highly sarfable, with thin beds of enndie samls, lwrbidiie
siles. tuebidite muds (Th-ey, and thick. massiee, poocly soced sand lavers (<3 cmohicks which
shovs Sreucieres Tlivianve of mass defarmatian. This Facies changes spstermalically from Nonth
te Snuch {Figs, 5 and &5,

The recentmost deposity of the Guadalfea Turbidme Svstemn comprise of (11 caonvan-fill
depasits, 12) channel-levee Jeposits, 131 changzl-lobe ansten deposits and {d] ehanelized-
tbe deposits. Canyen-fill deposils (11 are characienzed manly by poordy socted 10 well somed
sends and gravels that e arcactged m finimg-opward sequences (Ta-Thi bounded by epodioal
surtyces. Choanne]-levee depmixitg {23 ave compased by ponrly sorted and very poodly sodted siloy
xundy and satdy silis showing mamly Bouma's sequences To-¢, Td-¢ and Te, Channes-fobe tran-
seiiom depnsils 3] 2o chacsoenzad by very poorly sored sands ami Silty sands Fodrking centi-
rxstric huck layers and small lenses wilh enosnee lower boandzries. These [2yers e intercilated
Wik very poory sotted sandy Silla. Channehzed lofes (4 are constitoled by medleczeels weli
WOl massive sands Tanged tn liers op to 30 Cm thick with sham kewer and uppar bowndaties.
These massive satats appea interlayered with webidithc sandy meds and silty muds (Eie. 7).

WHAT M) WE KNOW FROM THE PRESENT SEA FLEXYR FEAUTURES?

The Ebro Turbidite Syatem shows: weulfiple- source slopes canyons, which continne  ross the
onlinentsl sacgin evobvirg i terbidice chimpels, The lergihs of the channels in the northen
wey range fromm 25 w0 52 kmoand mest of them interseal the Watencia Channel at abegt 1700 m
water dapeh. In contrst, the average [ength of Chanuels in e seuthem area is about 35 k., and
ithy reactes Valencii Channel whose foor is aboar 1300 ;m deep in dhis area, Thew widihs tanze
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Fi). 5. Chacacieislios of the sodimandany facies developad In1he Ebra Tudsdin Syslarm: A arosive—tapoe
salkanE| cleafud Sudd Giatiplay; B) deposibonal charmeklavae gongdes,. Muribsars wih acows rafer 1o e
loclion of e sedinienl ciotes Lanend & Fig, 6

Lrwmna 21 daa 200 me and bave an iocennediabe siogogivg 1.25) The clapmels peeferentially devel-
ap Thew cight kvee (SE wmaseind wnd leee axial gradiens (615 sonilar wothose channels
developed i the upper envivamen of wbidite systere il b maure passise margins
¢Doamuth and Kemar, 1975,

The moepliology of the Gumlalfeo Turlndide Syaiem shows ol ke disgnostic «lement: of 1his
type of clastic depositional syxtems. This mulliple-source wurbidite sy=tem hag it sl canyons
(i, length 5 bm. max. wedih 2 km, max. depih 200 m ) that fed several straizDil (o Sinwous sub-
munne chanoels (max. 'engeh [5 kme mas, width 1 ko miee depih 80 i with well-developed
bevees, Channel celief and levee haight decrease towards the distal ares of the base of slope and
thw Moneil Baxio where small distnbutary channels {masimum wicth 200 n_ macimom Jdepih &
tov) despiciize a dentriic pattermn are incised (Pérez-Betzuz, 1999, in press),

WHAT DO WE KMOW FROM THE QUANTITAYVE AMNALYSIS T

A guannraine dnalyss has been made 'n the Cuadalteo Turhidibe System {ocussed in b the
quanttfication 0f volume and rale of sedimenl supply, and B e guantifeaion of the nain geo-
melny parameLers.
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The edal volwme oF the CGuadalfeo Turbadite Sysiem during the Upper Flincens and the
Chuteriiny (Upper sequence’ 15 438 kot and the average cote of sediment sopply of thes terbidiie
svstem durirg The Upper Plincene and the Chalemnary 15 1498 kmmoy. The quanticicativn of the
sedliment supply vt comesponding @ tvery seismic unit belonging to the upper seqeence (FI12,
P13, T, O, Codd allows w o chansterize the swilutnm of the sediment supply feeding shis e
bidite sysern dunimg the Upper Plivcens and the Ouatermngress, The cate o sadiment supply i bow
in dlve Early Upper Phocene (LI0km@my) and mereases in ihe Later Upper Pliccene
$ 190 kandimy). The cate 15 again low in the Early Lower Quaternary (111 ke rmy. . increasng
i Lhe Laler boawer Cuatermaty (195 kendamy 1 ad Tnally Secreasing 'a the Upper Quaternary
L1536 kmmey b Pérez-Belzue, 199 in paes-).

A detuled quantiiieation of the sedimeny supply in the Guadolfeo Turbedie System fanlobes
bl during (he Upper Pliocene amd the Quagermiry ifanlobes B, O 0 B, F, G, H. L J) has also
bren done. The valwme of Bw Bnlbes snges between 5 km® (Tanlobe E) and 131 ken'* (Fanlobe
[0, and the sedierd guppdy carz belween |1 kmYimy. (Fanlobe B and 187 keeoy. (fanfole O
Sedimncntation sare shows similar vikbacs inoall the fanlohes. with 2 miimuom of 15 cosd B0 years
(Fanlobe T and 5 eaxcinwan of 28 o 100 vesws (fanbobe E) (Pérez-Beleo.s., 14994, 2 [ress .

The yuantilicalicn of the geomeiric parameters of the Guadalfeo Tutbidiie System give 2
bzl ol 36 5rn a0 width of 38 ke wnd anosarface of LO00 kna- Thea len2uh of Ciuasdal feo Turbidite
Svatein Lmlbobes vs belween 13 km (fanbobe Ep and 31 kn(fanlobs B The natsnue knath ol
Eanlabies s linnted e Weslern sector of he Guadalico Turbidite Sysiem by a volcame high
(Djilrud Bank ) ocaled 31 km aveay fom the apes of the fan lnbes, and i the castem sector of ths
durbridne syslem by Lhe botil Amicling, whicl iz lcmed 1 koo trom e spex of the fanlobes,
Tee witlth ol the fanbibe varies beteesn 8.2 kan (Tanlobe B aod 325 km (funlobe Dy The sur-
lzce il dhe Tavlobes s variable witll o ooniioers of 76 ko (funlobe E) and 3 maximum of
G063 km® (fanlobe D {Perc-Beloee, P99 jn pums)

WHAT DO WE KNGW FROM THE SEDIMENTARY EVOLUTIONT?

The sefimentoy evolutirn of the Ere Tuibidie Sysiem ook pluce dunng the Plig-
Cualemary. The cevelopment of submanne canyons occuired wmainly i the Lete Phovene and
Eirly Flersioce ne. and the deposition gt channcl- fevee complexcs and base-of- slope dpruns alter-
raning wink hermipelagic deposiion teok place manaly dering Me Pletsiocene. The upbuildimg and
siyle of frowth of the Ebro Turbidite System gesulfed froun the intzeplay among the chimats and
sea-kvel chengzy, sediment supply and location of the sedimensary depoceniers during the dif-
berenl sea-level stands. PPunng the periods of gea-level Tall and lowsand stages, foeshwater dis-
charge from the bbra River increaved. Taree amobnls oF terrigenoas sedimens were crnsponed
inio the heads of Lhe slope canyols ad were subseqoently camied seaward theough their assoc-
aed active channels, bt witlout Jeveloping obe deposiis. As an active channe! was ahandonedd,
anew chazanel-levee comples occutied the adjmeent depression; the whales of the compleses indi-
CIES & Migration from Morth o Soulh with me Likewre. dunng ibese staees . sodiment m<a-
by was irduced by the steep slopes and rapid sediment scoumulation, s subsequently
wngonfined mass (lows dred webidite corments developed the bage of slope aproms in 1he gollied
alupse tervidis ol the central sector The reduced groweth of the Ebmo Tuclidese Spsiem oocomed
during :he bzl sez-level stamls, and the predomizant process on The destal cootsental margin
wat the gt by Dernipelagic settling.

The sedimmentivy evalulion of the Guadalfeo Turbidite System tood place dunimg the Plio-
Quatermary, The omsed of the sedimeniary actvily of this marbidite sysier: is telated 1o the
Wlzvsiman Sakinity Crizis thal caosed an importanc sea-level (all in the Western Mediemanean.
This sea-leve] lowering controlled the incision of an impoyiant ¢anyon that #as active during the
Lrawer Pliscene, The number of canyons imncreased up 13 5in during the Upper Pliovene and the
Clualermary, The developme nt of funlabes [ated durang the Loweer Pliocens (Fanlobe 4 bacom-
ing more imporani during ihe Upper Pliocenz (favlobes B, C and D) and dering the uatemary
{Tanlakes B, B G H, 1, )1 The secimentary eveluzion of Giloles was controlted by the activity
af the subnvarine canyons thal fed poni-ioorce and owltiple- source Galobes. Chongzes inthe sed-
inentary acliviy of Lhese canyons caused laterai and longinuding] migrza@on of the fanlobes. The
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[aleral shifts are charpererized by in ovérall eastward trend duriag the Flio-Quatemary, wheneas
lumgidinal migeanions are moaz variable, although o distinct rercoz radation occumed dunng the
Upper Queiceiiary The upbolding amt the yrowth patterns of the Guadalfes Lorbidie System
were 1TLadnly contiolld by e leclonie evalution of the swTounding avess, sea-leval changes and
warislivi i sedimenl supply, The chanee of a distensive 1ecionic regime 10 a compressive tec-
twaic vegine 0 ihe ikl of the Eower Flicene increased the uplif; -u-flhu: IRargn Tavoring the mi-
st wd U b0 SiK gavons il e efTicient irenster of sedimenns 10wards the rurtdlte systEm.

Sea-level falls and lowstands also cooredled @ wnwe effeclive msie of sedinenls wwands The
twbadire svatg i (PérecaBiclaore . (999, in peess).

CONCLUSHONG
Why 1be Ebro and the Gusdilites Torbidite Systems !

Becaust both vaamples are small mixed focbidite systems which have mowheer drilled up to
day Only Lir2e muddy torbidize systems such s e Mississippd {Bouma er al. 1986), the
Admazion (Flocd er o, 1997y and the distal edge of 1he Indus {Cochran e o, 1989) have already
beer drilled Therefore, the dalling proposal of these new and diffevent wirbidine sysiems v rele-
war, and can provids 3 SIEmﬂ.em[ improvemen: o whai is alneady Known abawl siondlar ancient
RYSC.

Brouuse they bodh represent two posed analogies of clustic resorvonrs, and the resalis of the
drilling program can help to evaluate (he exisling Jepusitionz] models, based on oulcrop map
ping. The anclent harbick e syaeme peovide only s liouted scope for cedimentary processes mord-
ellimg, and [Bewe berpretnion lacks of a better knowledge of the orginal shape of the
depossiienal sucfaces

Because sty bodh are bomied o well kmown and peophysical controfied semi-emclossd
basins. This makes them switable to performe quanmanve analyss of sediment supply and s var-
utions, arrd relatiorships with allocyei: and autcyclic processes. In addition, they offer a pond
oAU LY G wnde ke the growth proovesses of small lechidite systemns, and 10 improve the
sxinling sedimemary models.,
What ate the key scientidic queslions?

The key scientific quesiions are the followings:
»to chyracerize the selkimentary Bacies;
* b pErfiIm & quantitative analysics of sediment supply and sedicrenlanen e chenges with tme;
+ |2 etermine ihe relationships Betwaen sedimentary facies aml hieh and ulira-hizh cesolmidon
seismic facies (data already avuilabla.

+ ter gataldish a high resodution study of the conrolling Taciors 1sediment supply. sea-bevel, tec-
1onics, and physiography ¥in the grewdh of both sysems ducng the same penod ¢ PFhioCuaternany,
LAmy.)

® to esiablizh a comelation belween turbidite eysien: sieatigrepdey and the siretigruphy of (he shelf
ravailable nformation);

* g develop ard implove tee cxisting tocbidiee sesicm moxlel.
REFEREMES
Alirn, P A, und Aller, LE., 1900, Basin Analysiz. Blockeell., Oxlford, 464 pp.

Alonso, Bl Rasens. KA., Maklonade, A, bilinverne, A&, Nelson, CH.. O onnetl. 5.,
Falungues, A, amd Byan, B, W. F., 1945, Mnrﬂminﬁ}' ol the Ebro fan vallers from
Seab ARC anl Seoa Beam profiles. Gea-Mar Lere,. 52 141-14%

Sl B 198G, EL seslerna del Absmica Frofurdo de] Bl Doct, Tleeses, Tlhiiv, Tiaceelena,
384 pp

Ao, B, wnd Maldonado, A, 1%4E, Late Ouatemary sedimentativn padlemms of the Ebro
tu1Bidite systenc (Morthwestern Meditermanesn): Twe sty les of deep-sea deposition, In: CTH
Melson and A, WMaldonade eds., The Ebro Margin Mar Dol 950 333377

CIEZM Workihep Seriks m'6 24

CEEE


https://ciesm.org/catalog/index.php?article=1006

Sapmeg ﬁ..{nug
,.

WORKSHGR G MEDITERRANEAN SCIFRTIFIC DRILLING PROSPECTIVES - Granada 1312 Jume oggd

Alonse, B, Fizld. MF.. Crandner, [V undg Bztdonady, A, 1990 Sedimmemary v voluting of e
Pliccene wnd Pletstwvere Bhr wargim. nesthwestern Spain In: C. 1, Nelzon and A,
hlaldewacly eds. The Ehen Comirenal Margin, Morthwesiom Modieancan Sea,

M Geol (95 1540 33150

Alomay, B, anel Maldonadas, A, |92, Fho-Chilernary margin growd) paliems in 2 compkes
I setting. Monbeastsiae Alboran Sea Loz A, Maldonado ed,, The. 4 |boran Sea,
Crece-duriine Loy, Spec. Wol, X3 151-143

Barmes, M E. and Nowmark. W R 1985, Diagnosue Prumeters tor comparing modei ain
ancienl fans. In A H. Bouma, W. B. Mormark, M. E, Bames adi.. Sabnarine Fams amd
Reltied Turkydiie 5ysi=ms Lpringer- Verlae. Bevlin, Hevdelberg, Mew Yink, wall chars.

Bowma, A1, Colernam. [ M., Mever, AW, o ol ¥, Tl Repts. DSDP, 4 Washington
(LL&. Ginr Privgipg CHflce).

Camplln, A C bfaldorade., A, and Maufi ref, A, 2 Stratizraphic and teotonic evolulion af
the Wwestern Alboran Sea: Eule kjcoene 10 Rerent. I hdaldonado, A_ e, The Alborsn Sed.
Creen Menring Lerr, 12 (2-3) 165%-172

Cita, M. B, 1982, Tlk Mcssinian sadinicy eiids in the Meditermanean. A review, Tn: He
Barckhener and F I Hsu ¢ds, Adpinc-hlediemanean Geodvmanmes. 4m Ceophys. Uinion,
Waghingeon DUC pp. 40-113.

Cochram, I B, Siow, T &, W, Anrowg, O, ef af, 192 Proc. O |nic Reprs,, i16: College
Stacjore, TX (Ocean Grilljg Program),

Curray, 1. B, and Moore , B G 1971, Grrowh of the Ben g Jeep-sea Pan aad denoditon in
the Himwilayas. Geol Soc. Aw Suf! | 42: 5635572

Camurh, J. E. and Kumar, I, 1975, Amazone compe: Mormbolozy sediments. age. and pronin
pallerns. Aulf, Cood Soc Am, H6; 563-%273.

Esirada. F, Ercilla, G. and Alonse, B, 1997 The teerasedimentay evolution of the
Nodheastem althoran Sea during the Flio- Cuateemry. in: 8, Clostineh, M Femangez, I, A.
Muior, W, Sasa and FHorvath eds.. Suvctaral Controls oy Sedliameniary Bavin Fommamon,
Vol Teommrephvsic: 382 4 |k 373242

Ligld, M. . and Gardner, J, %, 19y Pracrading slope mndel, Plis-Pleistoceme grcewth of the
Ebro tnargin, ME Spain. Gend Soc, A, Bult |, (02 721-731,

Flood, B Piper. DUEW., Klaws. A. and Peterson, L.C, eds, 1T, Proc. OOF Son. Resol, 155
College Station, TX {Ovean Drillig Program).

Hai KT, Cita, M. and Fyan, W, B. F, F9T3 The arigm of the hMediemanean 2raporiigs,
Ryan W B. F 1sii K. I of of,, LS. Govermnmeol Printing Ultice, Weshimgton, 7231 pp,

Mosare, GUT.. 196%. intersction of rivers snd veeani- Pleistneene pricolent potential. A, Axzoe.
Preieod. Geol. Ball, 83, 24212430

Math. E. und Rici-Luceli, Fo 1975 Tubidae ficics gl tacies ussOCiatons, I B My, G.
. Parea, F. Ricci Luechi. M. Sagii, G, Zanauccly, G. Ghibude and 3. Rcaring ads.,
Framples of Turbidite Factes and Fows Astw il oy ram Sedevied Fonmavions of
Morhen Apenmincs. ik i, Con &n Sedine i), (Mice), Fiald ‘e, 't Assor. Seduteento]
P21 35,

tutn, B and Mortnmack, W R 1087, Companson ecemples of madere and ancent 1oekbcie
aystems: Problems and comvepds, o b K. Legper and G, G, Zutits eds.. Marine Clistic
Sedimenlodogy: Comepts and (e Studies, Grahum and Trowman 1owslon, Yai | I, pp -3

Nardin. T. B.. Edwards B. D and Goesline, [ $. 1979, Sarin i Eavsim, Calitorim
Borderland: Domimance of slops processes mn basin atdimentation, Ti; Lo 1. Duwle
and O H. Pulkey eds. Geolosy of Contine ntal Slopes. yar, Fuoon. Pulrontol Mot
Spec Fufd, 37 0802200

g CIESM Whaikstenp Seimy 06


https://ciesm.org/catalog/index.php?article=1006

NGO TN STOEH.
| WocK uHTock |
W-EIHH;.SEIT"T.'IF“ O MELYTEAAANEAN SCENTISIL ORI LIMNG Fl_"leSF'ESTi'II"Eﬁ' -_Grana-:ta- g .-'-I.I'l?!_i'_q'.i'ﬁ_'-ﬁ_'_ ?

Melson. O_H., Maldonado, A, Cogmes, F, Gat, H. and Mooaco, A, 198371984 The Elnw Jeepe
sed [am syseen, Geo Mar Len,, 3 (23131

Melsun. T.H. aml] Milzen. TH. 1984, Modem and Ancient Deep-5ca Fan Sedimentation,
Lecigee Moes Frw Shod Cogrse 14 Soc, Evwe Pofeourrcd. Mircead ., Bakersfield . Calit,,
404 pp.

Beiston, TF1. and Maldonedo, &, L9585, ffacoors conirelling decp-sea tan deposilional pattems,
Bedicmancan Soo, Am. Aowes Per Geof Ball, TXEw 695716

Nilsen, T-H.. 1983, Chugach Gurbidie systen, Alaska. ba A H. Bowng, W, R, Nomark amil M.
E. Barnes ads, Submarine Fans and Refated Tarbadite Spstzims, Springen, New Tk,
pre 1ES-192,

Bommark., W, K. 1970, Growd patterns of deep-rea fans. Are. Asvoc, Pereof. Greal Bull | 5
290 2109E,

Nomark, W, K., 1% Fan valley channels and depositionz] lobes of modeen sabomting Fans;
Charactemstcs Lo recoptilion of samdy (urbidite environmenls. A, Azsoc. For Geol. Bulfl
G2 91241

O'Conmell, 5. Pyan, W R.F and Notmarde, W B 1987 Modes of deveiapiment of slope

caryons Al their relation ro channel snd levee featuregs on the Ebmo sedinwat apron,
viffslinwe: Mowtheasters Spain. Mar Per Oeol. 4. W05-31Y9,

Pérex-Belzuz, F. Alonso, B, aud Ewilla. G. 1995 hMudelicacion en 3-D e Tos depacennos
sedinensarivs del Plio-Custeuane en el mangen seplenliivaad v cuenca del Mar de Alborin:
sizanficaciy geoldgivo. X1 Congreso de Sedirmentelogla e Cupaiia, Teracl

Péjey- Belzuz, F. 1089, Ceologia dol Mavpen » Cuenca del Mar de Alboran durane el Plio-
Cuatermang; Sedimentzcidn 3 Teeadmca, PhE. Universuy of Bancelong, Barcalona,

Mekerinz, K., Stow, [ A, Watsen. M. and Hisconr, ., 19536, Deep wale: facies, processes
and models; A revicw aad classification scheme for modern and ancient sediments, Eqrh-
S, fov, 130T 174,

Ryam, W. B. F, 1973, Time scale and genetal synthesis. In: W B F Byan, K FoHaa, eor al el
Imit. Rep, Dreep-Sea Dedl Prog. {30 1805-1323.

Shanmugnmn. G. #1d Moiola, R.5_ 1928 Submanne fans: Chuwacleristics. models,
classificarion, and reszrvair potential. Sarth-Sed Rech,, 34 123228,

Siew L, &, %, Howell, UG, and Nelson. C.H, 19831254, Sedimentry, levtomiy and -
level controls on =ubmaring fan and slope-ppron twrbidite systems, Geo-Mere Cer 30 85-0-4,

Wetzel,, A . 1993 The transfer of Fyer T (9 deep-5ea Tars: A quanitative apposch Am
Assine. Peiral Geol, Bull T 1679 1602,

CIESM Wrarkthap Seras nfE 2


https://ciesm.org/catalog/index.php?article=1006
http://www.tcpdf.org

o

]

HWESHDP (1} WETERRANE AN e T WL TN L PROFFECTIVES = Grarqat P E2 Jona 2go

Sand-rich versis mud-rich terbidite s¥ystems at Intermedig(e
latitudes : stratigraphic response to sey level changpes -
Var fan {Ligurian NECZIN 15 Rhiine fan (Golfe du Lion),
Western Mediterranean
an QDP proposai

Laurence Droz V°, Christian Ravenne 2, Brung Savoye %, Serge Bernd 3,
Cilberd Bellgiche 4

FONKRE MR B8, frsin A rsirenge Evrephen oy fa Men Plowrane, Fromees
T dastitar Frangaly dy Péaole, Rued-Mulmaism, France
'IFREMER. [ihe, Ervirmeteemrenyy Sedlmentaires, DROVCM Plorzins, Feamee
fONRS DMR "o feng o LTI Viliefranedee-aur Ao Frines

This expamded abarracs SYRIRESIzeR the bt verriv af am O e et (R ) i
Wels SItfNTiEIe prigr fo the CTESM Worrkshap i “Mediterrareunn Scienpific 1t
Frempoclives” | i will por ferfred fo o Reromtrcitatiens of e ES5EF anif e
LR

The growih patems of decp sea fans are srongly infTuenced by ses-level dml ofmate changes
and character of turhidily currets tha e Esil Wi e (Nectnark and Pipey, 199) ). Resalts; Froem
Leg 135 om the Amaron Fon v Eirprned 1 luctoanng seu-level 1oy be |- fundemental factor thae
CoRitols sedimentation i barge muddy rbidise SYSIEms thatl ave d2tached from thels Nuwial
PUTCe during refatve wa-lovel highataguls.

ThEs pepusal consituges the next step kor fyll andersiitnding of Eacters iy, Primerily corol
cheposition Both i e shelf and em basing within deen-seu fanms, It wonty butes ubeands (he effont
21850 50a lewe] conirel on Sedimendiny drefitect b o1 glabal SUVERIZE Tn 4 Yariely of tecton.
i cedinkertary, imatic and ceaogrphic SELHRES sdvised by the Soaol eyt Working Grocp
(3L W3S and by (e Sedhmentany 2nd Chnchemicar Pricesies Fanel {5060,

I aims w imestirgie the Uratigraphic 1¢sponse i ersgaric changes vy siliciclasiic (V& i wie
FErging A1 inlemmodiaty aijnules and in the Feehoyoae slofigraphic mniesya) {PliofQuaternary an
Ut evd miembers turhid;le syErens of the same basing yhe large vruddy Rbine Fap in ihe (i
du Lk and the sgialicr sanchier and sl active Wy Fawan the Monbem Liguvian Margig of rfe
Western Medilermanean,

WHY LG THE MEMTERRANEAN TUEMDEIT: SYSTEMY

Wien compared 1o ather Dibolite sysiems that have been drilled =a far, drilling (e
hMediverranzan “yetemz A Fig. 13 ofees severa) AT ARTges (had fatrsfy 16 the recommendationy of

zr CHESM rors ;b Earas o7
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The Rhré and War eep-saa s in he prmeecnl; ot ther Weesabam baditerracdan And Incailan o pao-
posad CHOF drilling seae (grey &4E sealgraphic objectrees, SO0 ts 1500 m ks bleck ools | Setumantc
Hagican cifecimes, 100 10 200 M Tesly.

SL-WG el SGPP o tesr sea fevel comtred nat reclimtentary arciutecnice by o global covgrage oH
a verieey of

- “pectawe settings " is proposal CONCEIMS L passive margins with contasimg rvarphoksgies
that reflect different sectonic activiiies and cvolurions. with Qe pacsent-day reactivaton of e
Ligucial marein.

- tpediteeniany aetifmgsT the proposal CUncen i D end ipembers Ly pes of Fans.on uf which has
never been docomented by drillngs, and bath eiplaced on silicclastic armny,

_ “efikaatic sefrirgs”™ 1he §ams are b ot PligyQuaternary age and located at inlermediate: bati-
Lades, where ice cover stutgly Nuctuaed dwang PliwQuaternary glacio-sustans cycles, in con-
traat 10 the low Latitades, abd equator al chematic seiling of the Amazem Fam.

- =and eceategraphic setings™: i Goltrasl [0 open Ceen cunditions prevailing during Jepoit-
tenn of the Amaron Fan, the Ehine ad Var Fams ace bl cnpleeed a3ihin a relatively small @nd
canfined basin. the Westem Mediterranean Disin.

The ar Fin belongs e e small soaisd-ocl antive [ype of fane that, although coemma biokh e
nyockern and ancient turbidine systerms, fis el el bomn dritled. 1t mpresents i type of webadite
systemn ditterent rom e Miissippi apd Amaran fins hat were orllel tespedtively dunng
DSDP Leg 20 (Bouma e of . 1986y aml ODP Lez 135 (Shiphoard Scientifc Pary. 104y
Conrgarils b0 thess Jacge mcrive Lnbidite sysienas, the Var Fan shows a morplieiozy fhat sug-
gests important deposition [y ool sandy and muwddy tuebadicy CreTts fSavoye of o 1993)
Crepositiun bas cominued thicugh e Haloeene, with a mirhidiny correnL fa recent &% 19
(CGiennesseann & . 1980, The dnllings iy to berter ondersiand the pelationships between fan
wrehitecture . charauiey of e sounce arca. aned type af mrbidity cumen throwgh al lest szveral
glovial to nnerz lacial cyeles

The Citte du Lior ahd associved Rhine Fan, of the “delathied™ Lepe o ian. oifer the passi-
bilily 10 soudy the Pho-Quakematy seclinentary evolatian of o Juge siliciclistic margn irem the
inner shelf to e deep basin Tt type o inbeuraned stly s infaaced dwinp the OOP Lag ¥}
i Meomtain. Kller o al., 103y on the Mew Jersey shpe s mae. Dollings on the caominentyl
el s presently being realiesd (Leg 174:a5 However, diilling: an the New lersey slope it rise

IE LM warkshiop Sorlss 6 2
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séienlially cailectad informmations o the OMigacens and Mincene w=nes Drillings on e Khane
Fan winl investigate n Jdeluils the Flisearsrrary frenad of the Loehouse sipatierzplic inters|

The pozgibiliey 1o CoIpare, i the same basrn, e matEing ang fang with CORtCsLing sadh-
WCIbATY ated archilectcal siyles 1 ol grear inbseser all wall pravide dnfarmatons aboni by |
factors ehat iflusnced sedimertary cvulutinon wnee {he Mesaingen in ordel e undersrand and
UArtIy the role of Jocai PRramelers responzible For speifcites of e margin: and associged
turkidite sysems

GENER AL SCIENTIFIC OB |ECTEVES

I - Sedimentnlegies] and architeclaral characters of twe nd meabers trrbidite systoms of
the sone bastn and ai Indermiediate Eatitades

1.2 - A sonall yondy fan | the Var Fan

The sand.rich Var Fay is fag by u short bl sctive nive), that js con nected 10 the Yar Cryon
Trapping of sedirnent in shaMow wier is lowe, et the very narmow conlinenty) sheelf. the s

TIAVILY procesoes,

W is umarca of aclive sedimen NanEpon. where af feast thre mapos trpas of sediment fng-
fer process are identifie - hyperpycrat durbid plumes (Muider o al., 1995by, shallow failere;
generatod By eacess pore pressure dumng dver flood perinds bulder er of,, Pe0Ea), amt large
Fanthyg Uake-inigpered zlides,

The last fwa procesues right generats some so-cullud 'hj eh-demiiny nirbidity cumrents” a2 4Jif-
ferent oiales, Hydrodogica? darz, direc observatioms of Uw seafloor gedteChiucal testing and
nurereal medelling confiom rhe very high frequeny nf these sediment Irznsfer events. The Var
submari e sedlifnentiry syslem thgs BPRLITE a5 an inlewesling ares, where the refative IR poriance
and occurrence of the differen: TYPes of mass-wasling processes can be CCURLEy esimuiled
using qroumd-trich dats

Thus dype of Lchidize Fystens ne2ds 10 be documened with enough detail and secutocy to e
eompared 1o uilier now Beitar-known mud-rch Eans. This maphi ;

- dolt e vagous envimnments of the fan {inchuding valleyfhinne| and levee i BECCEsaive]y
meore distal trangects of the furbidate systen, and Jiseal depositional bobe obseryved off Corgica) i
oider b delenning Facies AR ions. prucesacs ol transpon and deposetion. lithalozical signif.
ance of seisinic facies am dowstan evolution of depusitiog,

- Wy eslafdizh the specificities, iF sy, of depisitioral provesses Crerbiddiay cemrenis and pass-
MOYEmeit poroscexzes),

- o ranmLke: the effect of edimenl B ening. o, stripping an depositional wrems,

s 10 estabiish un obsolete chrosmlugy for the main fan units ang M phasas of depacucn
arder 1o evidenoe the chirsmosiragraplue evelution of depoveniers.

F2-4 lorge rizd-riels faK under the some climatle corditions, the Rhtne Fan

The Rhane Far belangs te the Eamily of Ihe “aetached” targe mwddy wrbidite systems such
s Lhe Mississipe or Arazon Fags drilleaf in 1953 weed 1994 respectiely.

Drtlling the #hivz: Fan is another orucl S v progress on the quesdion of the inffuence af
SRWEMal Hweng Faucy

The main intarest in deilling this Fan lies in e wOMpaREon Wwith te neurby Yar Far Focated
1 the game busin, &t same [3tade and that gi=zw under same climatic crabltions, Hecause of the
similartty of <rame foreing faclocs Ceuglating, climatey, the main expected scienslic inpars of
tombanang drilimg: on koth Fng 18 il vlew idenuificaton and gwaniificatan of effects of pliye
iography and 1ecionis activity in basme,

29 CIE S Woicphop Sgrics n'g
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This comparson is expeicd 10 furmizh shmificant resulre and shuold be hased on a i mum
of drilling sites at locatians equivaient t thaesc of e Yar Fan,

11 - Far activity and chrovosteatigraphic evolution ol the marging

Sequence stratigrapby {Posanentier ¢ af, 1988, Possmentier and Vail. [9ER] is comsilered as
N nsetul approach we stady sedimentiny 2voluton At maraing Sequential concepls consider that
gequences wre trealil esscniially i pesponss o slobal fiwtors such ax sea-level changzes, This
vyl thid sogoens should be maore o bess syarhanoos at o worldswide scale, anless foeal fac-
Ly (erton iy ) interplay o creste nom syichronogs Arativeaphis =venis,

Testine (hese bask fomce s m an Tibegraled rranmer cunstilules 3 primary aljecdive promaol-
2 i lhe SGPP Whire Faper. A senes of (o351 be2an willl Leg 150 1Mew Jersey continental slope
aml rixed whare aue estimates of shelf sequence Ry mclaries webe sbhown o cormelare with giacio-
eustatic lowerings. However basin cedutverkation wvedled o mainly wnilorm. benogengos
lyerripekipic depositom sirce the Middle Marene. sa Bt probiesns velated tn integration of frav.
Wy e posinion adlressed by our pRRpR| wi e D01 itvedigabed. Fleistocone sirlizmplic Tespmie
10 high frequency. lage amplitwde sea-dervet chamges of @ B hew latimudes was larer invesi-
aated donng Leg 15§ {Amacon Fan. Reswlts of Leg 135 confinue thal Elacin-custesiis changes
camieg] deposition: in karge muddy fans of ihe “yletached ™ Lep, Lowever, oxact links hotween ihe
shell depositional unirs apd sloperhusin Uit is wikowen lecacse dnllings were not reglized on
1he upper fan and slope domams =ns cersinic i5 A cseful o e shel[ due 1o high sediment Zas
COntEnt

HLT - Sedimentation o 4 parrew morgin with gedve deop hasin depasition during sea-fovel
Mighstands | vhe Ligwnan Margin and Var Fan

By now, strabzraphic respoise b ealatit fluctpations hate only been treted bor wide marying
charactersed by 4 sinnificany dheconlinuity between land wnd desp boasing and thooght 10-he mizta-
Ly comirolled by sea-tevel] changes s recamiinanded by SL-WG, propress in sea=level researches
B0 recves tesks (i ihel vy pes ol inareins including marging with namaw shelf wwd steep slapes
where Tocal Tactors are koown o inlegplay spemificantly with custatism. The exact contribaticn ol
{hese {aclors Femams anconstrained wid e 1o be diocurnonte:]

The Ligurian margn. 1n Lhe Mortheast Madnesrasean ki, 11 provides the prssibiliny 10 doc-
yTnent the stratturaphac TEpOTSE ON SMCh & NITOW WERELN where vhe presentiy wtive sand-rich
viar Fan accirnolated foom Middie Pliccene (7} (o presen lime ©OF Place, his nargin iz shiarse
terized by o mountinous backlaml, Jm extremely namow shelf, locally wbeenl arel & wory stecp
slape up to 117 ¥ thal crore ypeonds 10 deltaic deposits of Plic-Pleimoue s it Tes oni subsi dence
is inferned o have been quite sirular ko that recorded in the Golfe du Livn {accelerition ducing
the Phnduatermaryh, Howewer, e MaTEm iy presenlly reconding a8 o nperesaioial rerelivenen of
Jeep weuted fuults. Becent wirks on the var Fam (Droz, ER91; Sdvue of al. 1393%, Piper aid
Savie, 1993, Duc. 1995y have lypothezised s its ovedall evolwin is moL primarly controfied
by se-level changes alome. bt (ot Likely by a combinanion of s facioes. including wri-
s of wotwme of input (e laed o climatic cvalufiom and enstetivalby-indused sase-level A
betinns. physiographic setting of deposivion {mheriled won previeas seadung tary, Begtnmic ar
anpstalic evenlsy and syneediroemiary festanic exolution of the. ikl =odimeniany wiktee.
Eyen if (he ared s seisiicsily acrive, here 15 no evidencs far matjl tectenie control of the meine
Phn-Clatemury sedvmentation. Fowevs salt drapin=m &nd Qi feveimial sulkidemee at the bive of
the sInpe area have locally gomtrod led sediTrenton.

113 . Sediapentation on g wide aargin with inaciive deép Pasin deposition during sea-level
Keighsians - the Golfe du Lion aud RAdae Far

The Golfe du Lioa negn i porticukuly apopliate o ttudy the strnigraphic respomse of
sedimentary architecturs b seu-evel chiniges arml v test sequenil concepls hecare. af the 51W-
arity ol the e tomab Sonkex in biAll the regqueTee Atabamphy conepaal modet and this
ILEEIN; Passive Progressive mar gt lerized by a fla backland dominaeedt by a9 extended
dletta, o wide conmental shelf — about 3 g off the Roane Delts — which indeces 4 Zreal dis-
conhnuity beiwaen the Khine Fiver aud Petii-Bhdne Catvyors i msarked shell-breal andl o gently
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deeqring continental slope ¢Fig 13 Tectome sulwidence was moderate since the end of the rifiing
FAquitamian s Bt accelernied in the dueepet pind of the basin dorin £ PhodQuuternary times
bl 7))

Because of ile discontinuity oelween tha Sarce andt the deep bagin, seq-level changes, even
of low amplide. a expecied 1o be well 1ecorded by marked shifs of deprcemers fram yhal
lower to deeper parts of the wargim and Teciprocaily v adduion, the exisrenee af Phne sl
teveloped Flindualersoy Rijae Fan § Dros ared Bellakche, [985) provides (he (L (T TS
deEcrmine the e stratigraphic reladinnship between the sheif and basin seCiEntany wenuenes
atl o o e and eerer Liegrate gravity sedimentatios withim the merlels The slipe ares
COMSHLTEs 3 koY wector where sbelf SEQUEnce urd endgrstralified wilf hasin ¢ fan) seifiences fmd
where stealizraphic relatiensdipe can be obserad.

b addftion te e pected resuli of 4 COMTAparison wirth due neaeby Var Fan (see .25 ap S POl
input will be browght by veiitionting resubs in the Rivine Fan with ren abrnined by drillings
1 famz of W sane Gamly especially the Amwzon Fan that frew unier dilferent climalic zands-
tas {equalorial climat )

- Besules its mainly “detached” chargetenstics and marn wctiviey danng lowstands o lowe iz
W8 sea-level, the Khdne Fin was VR A1 specific peried of highstands or rise of it5 evnlubiv) :
Flivwene fise of sep-love] (Cumplex RELY 2nd Hodocens highatand {nenfzn;.

Wil deen ervironments, aliernative active urbidios depuasition dunng lewstandwinact vy
during highstands was sanfirmec! by drlling the Amiacon Fap fleg 153 Frelirnary Repoit.
1993, fur mariins charscterized hy wide shelves that indace a preal dizcuntinuny between ihe
Huvial source and (e dleep basin. An importand anamaly 1o thiz gemaral remd iz constly o by
sigmificant turbidue depasijon during sra-fevel rises or Bighstands, o partioularicy shit wag noe
wvestigaled dusimg preyious dnilings tn te Amason and Miszizsippr Fanz, Deposition during
seiilevel Tiegrhstads j5 concepiuitly described by Runi (1985 as typwr [ symtems (ehanmelfeves
complex). that are deposited iF sdincenl shelver are characterizedd by sufhcienly high raies of
dellaic progradavios, Dreposition in Fans ditring seq-level rise s also mentorns] by Kolla and
Ferlmutier (1993,

-Tithing of slope instabili Ly procoises aml Lheir relalion o egstugic cyele cemain unresolved. This
problem was addrezsed from drilfings un e Amazun Fap thai, W [ movwt, Failed b refale prefgr-
enlizl instability hehgveour of sediments 1 soa-leve| stamf Drilling on the Bew lersey roargin
(Mouataing Miller e gf | 1984y inferred al Plojstocene sy wastilg events correfale with iran-
sitom from inleretacials io glicials. iy, desing glacheeus p sea-level falls, On poiber hand,
o1 the base of seeabgraphee and georaplical posttion witin Jlwe Rdne Fan, @ - sugaesier (hat
MAsE mawvementz. prelevenlially necued during riscs of sea-level (Droz, 142k the slided mate-
rial iz concentrated at spectiic steartgraphic levels of the fan file foprof 1w three Quatermacy chan-
nelieves complanes), allesting o some cychicity of the Biggering pricesses. Laige
s MARINCRLS wem 0 be Jacking fn the Pliscens SCEFMING seguence fuficating that insrtafiljty
cunditions were not establizhed ot (hat tiee and that thuse plocesses aee more aelevan to tha
Cuaternary period (due by rpid changes of sea-level. Impanlant progreslivion of he TEAFER |z
resulted i thick, eapicly depusited and instable sediments an the siopwe, mbensified Balokineno
maverenls o a combination of several of hees parameters Yo Tartes o eof, {19957 and Tess0
AWF Allen § 1495) alzo inferred thay Laje UIrtle My mass maven; nis o | sheli edge oorumed
ar the ¢nd of hewstandsbeginning of fellnwing sea level msey,

Coptradictory interfretations rajse dowubts abtral e reliwson of RS -MvemenLs e ehstaiie
c¥iles and sugpes the possibie signeficant contibubion vt lovad Eactirs i Ihesr aoitiatkans. It st be
nediced ehat targe debriseflow: s a2t b be present in the A zmnn Fae at stilzr 3 stratipeaph-

NI - Plio-quacernary climate Nuctuations and development of Alpine e cover

Bl Famvs being fed th MeUgh alpine rivers. o iy anticipated thas study of lemmigenenus sedibignts
of the fans will alvw o ot s hegh zesolubon jecord of climate Mocwations during the Plia
Chupterniny clacial-interelacial cycles at intermediate latitwle and 1o document the subgaquent
shevelopment of Alpine 10e cover. Ay ~hown from resulty or Lag |55 tShipbonrd Seieatifie Pan e,
1900 Rk h sedimeniation maces on levacs will assune high resolution recard of climmte changes.
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Cyclic sedimentation in the Easiern Mediterranean :
the need for high-resolption geochemical investigations

Hams-Jikrzen Brumsazok® and Randf Weliausen

Frseitiee of Chertiaiey e Blology of the Marine Eavirodme, dderbirg, O heaiy

INTROTHICTION

Loyl saurations in color, calwmnate cotes vr cluy minetalogy are displaved 11 sesiments
Trowm: lanhd sectwons of Calubria, Sicily, #nd Crete of Micuene o Holocene age (e.2.. Hilgen, 1947T;
Do Wisser ot on, 2959 Hilyen, 1991 Wan Os er i, 1994; Foacaul and Melidgres, 1495, Mienhws
of af.. 1906). These sedimentary cycles, including inercalatd sapropels. correspingd B b pre-
cossion-related =22 hye penodicay in Neobem Hemiplerr samauer inselation (Loutens of ay,.,
198} which suggesls an astronontically Torced cEmais roecluoosm. Several zuthors hase -
posed tha sech egular variatons in sedineeng connsosiien are primadly caused by hymid-and
cliraatic osdalladwoms wills bngher previpi lation fates aind 1 unell Junng times of saprope] fonmmanon
{Rosaigaw -Stack, 63 and 1987 Wimatea ef ol 19%40; Rahilg and Hilaeo, 19915 Fopgaln e
Mclizees. 12950 Recently these hypothedcs Tave been vudinmeed by Righ-resolution ges:lsu-
cal studics o Mrocene hemipolagie sections {Welianen ad Bromeack. 199%; Bovpsech and
Wehausch, [ Wohausen, (Y. Tunbernne, qoch mvestipations allow vy assess whether
chibmging wiler cunerts. «.3., & reversal fiom antiesiuanne W esloacine Cireulamiong, ooecurred
during tirmes of saprapel sonnation or pod (Wehausen, L0 Welaween and Foansack, w pressi.
I i3 showt puper o review of cur recent advanwes wilk be presented.

SENEMEMTS AND INYESTIGATED FROXIES

Fhocene. Between 2.3 and 3 1 Mye old. sediments recovered duving ODF Leg 140 in the
Do Sea a5t Y6, om the Mediteramean Kidge south of Cretg [ Site Y597, amd at Eratosthemss
MO (5ies Wi and F07) were analy2ed al lugh-resodulion (3-3 o depth imtervals) by inor-
game geochemical methods. Frevise bulk pucmeter and X RF-meastemenis (for methodolog,
aee Wehutisen. tY9Y) provide a large set of different peoch=mical provies whick are related 3
bilogival productitaly (100, carbonate. Bab, leorzenous detrital malter proveance (e.p. SitAl.
T Al deial, Kral, Zoeal ratios), 0 redon-0ame 1e.p. Fe, 5, hin, Mo, V),

RESULTS AMNU DISCUSSION

In comtrast W he carbonute congene, which duex not show a consisient behas bor, cvelic varise
Licd> 3 terrgenous-teinwal maller compostion (e.g. SUAL THAL Mefal ZefAl and panly Kial
rallgeh were deected i all sjles investipated (Wehausen, 1990 Wehawsen and Brumssck in
pressh Sapropels (TOH 2 2 &5 of 2edimenls showing sizns of cnlunced bioproduciivity {Ba
enrichrrent) are characterized by 2 higher Erction of fuvialy derived wmiyennus-detmial mar

32 12 50 Warashiap Sanims o
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Wr. ln ¢ase of Eratosthones Scarmoung sediments thiz material of predominamly Nie rver ongin
15 vhawactenzed by low AWK ates (Fg, | indieating higher smectite akd Jower iflite conlenis.
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Figure 1. High-resouson geochercal prodies of Late Plizcene sedmeanta Fom OO Sile $67 (ke norths
& slopa o Eratosthenes Searsmanl, soulh o Cyprut| compared t01na La®kd 65°H summer sisedghoe [
gt curve. Age-migded ahat Wshausen (13930, w=yile cocilication aier Lowrens ef 2. 19595}

AL the more weestem Sies (N4 and 8% the eigenous materizl dering Mwet” percds s
bur indmisued b rivers of the nonthen Bovdeelands, of th Eagicem Modigmongun (HOBEM). Ths
muaterial s -enriched sn Ma, Croand ether eloments typical for oleamalie rocks (Fig 20 Wehausen,
[ Wiehawzen and Bramwsach, in pross). The soucce of Mis makenal (8 peobably locaied on
mitinline Greece.
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The “dry™ sedimentary intgrvals are chacacterized by higher peopoeiiong of eolian duse, main-
Iy of Saharan ongin, Thiz matenal has # rather uniform comprsition basinwide and 25 charaeter-
red, o .. by higher Tv AL ratios {Fip. 1),

The geachernicul vecord of Site PA7 providey evidenes that Ewstern Mediterranean acdimen
Lary cpclicily con ket be axplined by the La90 65N cummer meolaten 1aneed curve (Laskar e
el 1933 av progeosed by Lowrens of of 199 The TidAl ratio, however, shows o near linear
resputse oy tomhern hemisphess summer insolation (Lourens of al, 190 and ofTers the oppoi-
Ltniny rozregre cvelochemistoatipraphic ace models.

Chur termigenodrs-dednital mamer peovendide sty tunlbermone alloars testing woader cingulation
rdels. m pasticular Lhe possibility of citculanon reversals doring humid mtervaly Site 964,
Lo ated sonih of Crete, seves 25 4 reference localion, & itmay receive lerrigemons malerial [eonm
shree distinct swnce &teas {Venkularatmam and Eyun, 1471 ; The Monhwest Aegean iME- and
Cr-rich manetial teom the Grreekl manlaml; see above). the Southeasi A=gean (oaelhered miden-
al from, Analoh:a), and the Sahaed. A siprfwant decrease in Ti Al rabio nsome of the sapoopels
of this aide was detecred, which canisd be expluned edclusively by o bower disl ampul
Adlgilivnally a shu-nff of the Cumem induzed westward vanspad of Li-rich malerial from
srrunce in lhe Tosl (Fig. 3, Wehawyen, (9599, Weliaosen cuad Brumeak, in press) muzd bave been
ubstrucied, Dusing depositlon of Be suprope-Bamen reddislnmgeesals suclia chznge v water cor-
rent patters did ool veeer acad TIOAT ranioy remgined celadiveiy gl

AR in waak maxina in Ml Faumiear-
MH-summer-inanlatinn; invsokaticn: tepasithon ol dghl itensa smavms in WNH-
deposihion of lighi cotoured jor paddish) SUMmer-insalation:
coloured sadimanls aedimends saprope formation
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{anti-astyuaving) situian intermediate watar
(ant-estiading) lestuaring)

Figure 3. 30urce atrenghih 80l anseoR Grerton Of dess screde parvulatla mate; assemblages Sauth
of Crevte dor Wiree diferant paleoceauxapdey srremiss. Myl from she Mornbwes! Aegean is chaac-
tamzot by high Mg and Ot sontents. Colisdn $anecd matenigl from tha 2phara 15 errichad In To Ancther
sourga for Tirich maderal exlets lwiher 40 the Bast (Sactbesst Aeacantnorcdizy:; MW = Maditarrangan
InArrsgala Waker

Eased an these fmdings she following palooen: ronmeatal soenanio S the Pliocens simtben
weerns Tkeby:

* Dunng withern kemisphers summer in=olstion minima aed vomzsponding olieotrophe condi-
tirs, Somelar 6 those persisting i the modem Mediterranean, sedimeatation 35 rather unitorm
aod sedirnents have received high propoenions of eclian matesal. nainly dectved from the Nocth-
Adrican Conlinent.

= Iru rirmes of insalathon maxime clicae s more homid and may have s mone ar lesy prafonnd
impact on the Fasten Meditermmean pilecenviconment. Traring weak insolation ratins sapooe
pels are no fowmed ancd reddixh sedime atsare depogied. Tn this situioen water circulabion seems
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tw b s1molor o the modern Wlediermuncan {anti-csmarine punle). Modeizie 10 imese meselaion
meaxama leadd b the deposinon of arzame cadaon-vch sediment {supopels), sccompanied Dy at
lewst o temperary inversion ol swrfase and intormediate wares correats eslugrine cireulatiog

mede,

CORCLOSIONS AND FEESTECTIVES

There & a strong ek between astiotomically forced climatic changes and Eastern
Meditenanean galecenvironment. Palesenvironmental fuctugtions are reflectad in sediment
composinion, '[he high resolulion sevchem:cal siody of longer sediment sections allows i derect
sch Mlustuarions aso in “red intervals™ devoid of stmchmenis 0 onganic caron Gapropels). T
the searces of the clustec material we siznifcantly different in chemicat cormpositien. imanspan
puhs of temigenows delrital matenal miy be reconstrected at distine' Mocabems, «@, the
Mediterrancan Ridee

Ernlling throwgh de Messinian sult dunng a fubsee congpaign wowid close a large nop in aus
knowledge on Mincene deep-water sedimentation in ik Eastern Mediterrancan, Studies on laad
sectians. ¢4, have revealed that the mcchanism of sapropel formation was the sane fon the Last
10 Myrs (Schenaw ef 2b, 1999, Higheresaliion investi gations on pelagic sodiments of Miocene
wge would permit new insighty inlo the edimentary processes and paleoceanozmphic condiions
during that tiasve. As o merginal sea the custern Mediterranci, scrves s an important nodel ocean
Zow the Mesvzaic und perhaps even Palcozoic Wack shule episodes.
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High resolution studies in sediments of Fastern
Mediterranean key-areas on global paleoclimatic changes

(rert de Lange

Dajrarasmeny o Cedchieemisiey, froiinte of Eeeed Scivnces, Divevtyt Dieeveesaly, Hee Netfeer faids

Sediments i Cie Bastern Med terrmmesn swe Knosen 1o be ideal recarders of Global zabsach-
matic continemal aml manne signals. This is patly dee 0 (0 the highty favourable sem-
enclosad natare of the basin, and (2) the vaciou: surrounding kindmasses

1 - SEM-ENCLOSED BASIN

The racher resiricled ciccolamon i the Meditermanean Bazin essnlis not only inon deficate ory-
gent balance, but 2lso in o bottermwater Brmatann tial i very sereitive foo glohal climatre vana-
Bicares.

Tt 15 probably one of the reasons thal Medilermanean sediments resenlee vpew et sodi-
menoy from penods ol posstbly testivied corculation, in Qe Uy contain regular silervils
are exlicmely doh in onganic naltzn, This astcorommical cpelicity serves ws a perfect lims-roarkes
for Medilermanean Miovene e recen] sedureenis, wlhivh permils an wnprecedeated comparison of
samples in identical time-slices but [come dalierend Tovaticns

2 = ¥ARIDOUS SURROUNDING L4 NPMASRES

Arcond the Medilemanean there iz a laree vinens of conlinental characiersiics oo only in
peolagizal sigrature but aise in vegelarion ard climalic zones This makes it easier to delect Sub-
Lz changes in global pulecclimatic conditions in (hi: juew. using geachemical. petrologcal, and
palynalogical proxies. As u conseyuence, climatic vasiarions are accuraiely recorded nal only by
pving vanatioms in Lypical “warine” fignals, bt alwy in typical “conlinentd” swenaks. Lhe
“Monsoonal index™ 15 sironely assecigied with the paleoselimatic condibions im the anza around
the Eastemn Mediterranear, 16, Sahaaf Africi, biddle East. Soatherm Eorope. This SsaociwEon s
clearly present and wisualized o i sedinerg, aainly o ~ 2 kyr prevessim-conimoled cvele
during “wel” chimitic penods organrcoach sediman? (Sapropet) s deposited contaiming stoong
river und muwine prodocteeily sc2mls, wheteds during “dre” ctimatic pericds arganic-lean sedi-
men i depascited combaning high dusd mpot signals, The vibious ages and composlions of con-
tinentai rock surrounding the Bastern Meditzroanean facilitae establishing paleo-origio of dust
material wsiog o suite of magor, romor, aed radisticer elements,

The Fixtern Mediremanean, therebore, s an deal ares to study Lad-w2o mecaciions of globas
(eabeowlimatie: wariafinns. In paricalar, a5 this area s inileenced snd preserves padeoclimatic sig-
renls Fran the moid dohipgh datitede nonhern horderlandz (o the low latitude boosoosal influeneed
srwithem horderlands. Because of the exireme sensilivl'y of these borderlands o suble climalic

=g CIESM YyarksHep Serde= 0t
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ODP Leg 160, Core saction 967C, 8, &
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Example of agroporically controled ceacbiiy @5 speatzad inbwo geochemlcal prowes: Fix consideesd 4o
reprasent procachevlty, and Ti lorepragard duest ars oo Janid conodiions)
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depth In core {cm)
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changes., 1he Fasten Medwemanean is 0 poentia” galémine for paleoclimatic reseapch, provided
that sites of high sedimentstion cates can bw obdgined

Hagh resolution, ie. witl a ting cesolomion uf beiter than a few TO0 pears, pelecclinmatic stud-
w3 i Lhe Eastern Meditersanean weie hampered due w the refatively ow sedinentatiion rates
(2-4 ¢avkypr) of sites sludied thus far (e, g Ewets of o, 1 %95 ODF Len VRO Recaiily, o few sites
werg foend in “key areas” with sedimentation res of 1020 ey These siwes we =l 'ovaned
1 argas of pavenizal mrajor changes in paleo bowomewsider formatien, i.e Adviatic Ses, wond Soath-
ern Aggean Sca, or with major changes in climatically controled freshecaer indog (Nile plumep,
Frelirniniary study of the former sediments for the last 1 kyes indicates an snprecederted Lime
resolution, and dhe pocurmte dedection of vather abrupt majoc changes in probably climeis (gon-
i tital‘mainine 7} conditions.

The major advaniages for such high sedunentabon raie sies are -

1. lemited of no oxidation and consequent (seheciive) removal of Several climatic ro%ies (e .
oz 7, dincecysis, organic geochemical higmarkers. pollen., 3.
. lmited mixing Ao 1o boviom biulogical aoeviny;

3. higher tme resolution permitg the detcction of abrupd relatively shoat tnsescate climatic
thanges (petemiially Hetnach type cvents),

Leg 160 has resulted in 3 weatth of scientifis paleochimalic rezults in particolar for e organ-
iv=nicl mervads, The vrganic-1ean intervals in berween, are tearly bacren io wrganic matker, ¢om-
Gy wspgmfical amounts §F any of dinecysis, polen, and oiganic omarkers. IF present. the
great mmonty el the indtal “cliotic™ markers his beet chmnsed dramatically su that no oonclp-
2% can be based on Lhe wcowrenwe ofF such progics Dn the vrsose=leans ntervads nor in the oxi-
diced Oep parl of) previowsly organic-rich inervals, This considerably limits e poicntial
wnlerpredation ol Lheee reconts e the whove memiome] high scdimentation cate sites wilt e not
vaily be possible w atady dlese proxies i the imereals Lelween s vizamc-dch intervals, bot alse
te deteod timeseale evernts that are auch shocie than tee 21223 kyes cyclivity. Heiznch-oyps
events have been fuend ernangst mbecs i Atlantic aod M. Indro Soean zedineents, sos] ssitdy
in the AlBuran Sca. It scoms thesefoee Libely ian these capid clirstic eveats will else Lave been
recorded in this eovironmend thiar ix sensitive 1 clmain changes, The excellent e conted Trom
Recent 10 Miccene o beyond for the Bigh sedim nation rate sites i v Caslen Meditermaesn
would permit i ooly the delccfich of such evens, b alae the cxlabhshment of thear exa -
ing bepond 14C iy donen to al lepst the Miocche (if presem), and iheir eletion o the wirc-
nomazal cpchity.
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To aldain the paleschmeii record for he Tase 1-4 Myr, 3 muduple Hokes | 2H00-400 m) in a
deptfe trunsecl in the Adiiade Sed 3 mulliple Holes icoadepth Transect o One Azpean Sea. and
paotentially a simodar transect at dee Wile.

Sesmic background information is av.adlable fon the Adriaiic sea (Bolozee ), poesibly toa Time
bed extent also for she Aegear Sea. and ecendly nice Jata were obitadned for the Nile plume,

DEEF EIfSPHERE

1. Micrabe: buned dorine organic-nch sedimentation are separated from adjscent distinct organ-
ic-bch mttecyals by sediment inteovals that wre barmer: in food. Tars woold lim the upssard magra-
Licn of Indcoebes diring deeper budal i these sediments The orgamuc-rich environmeniz have
been wexae Al and brefly aller deposttion. bt sorboxie ever since. The organic-lean intervals
hawe been oxic For a peood of usuoatly 15 kv (belwesn deposition af e consecotive distino
arcakicench layesy, and subaxic ever since

L Murobes in high-sedimentation rate cediments have been continuea:ly oo high-reaciivity
OCEANIC TRAMFET envirenmend. Can thus “freely™ migrate uparard apon deeper benial This envinom-
ment hax heen continoonsly subnxic 1o anaxic from verr soon afier deposition. The diaganetic
entironrmeck i hkely to chanpe from sniphate redwcing toe methane producing al relatively shal-
kv depibey

3, I certain sedimentary environments in the Easleom oedile naniean sies, 4 caher large T regse
in salinity amd thus sulphate cortent ocouss veries dept®. As a consequence, lese wedinenls may
be inexic bul nal sulphato-depleted, thus nod reeihane-meneceting.

4, In Meditemaneas: mwd dowe areas, hizh upward methane Muxes hmil the sediment intecval
where sulphate educiion oeours. create nLonly am envircannenl of extreme cales of me b oxi-
daticm, but also ane of kigh methae content bl athereisa relaively reacive amd abundanly
avallable orgamc mallzr al relatively shallow zsediment depts,

Companap different setlings in an othereise stmilar ares is needed so a5 o andersznd the
potential pathoeays of misrcbes under varous eoviconmenial and diagenelic conditions. For this
purpose a igh sumohing resolution micrebiological- and geochemicat (porewater and sediment)
eFfort 15 mesded. For this purpose a dedeeated mini-Teg seems pecessany. In adduion. & repid
rransfer to landbased |abematory facilines may also e meeded. For all of the Bastern Med:-
FLTANES N $Te mentioned a0 intemasional awport i5 wathin 24 s of shipiime.
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Drilling ynusual Mediierrunean sedimentary seqoences in
search of the deep sub-seafloor biosphere

Judith A. McKenzie

Chceafiz@icer fnsteieete, ETH-Zenirum, Furik Swfizeriand

In the carly r oud 19P90%, geomicrabiologint wenking with sanples recovered Mmon Grill
hiles comed by the Ocean Drilling Pregram (OD0} discovered Lthat bacteria ane it anly present
at mwch greater depths (=750 meters) bencath the duep seafleor than was previously thaaghi, but
thery aciuzlly thnve there in colossal numbers (Parkes of af.. 1), This exciting & soovery frs
led 1 & fn@jor pew indiative within ODF 1 siody the decp sub-seafleor biosplieie, Tlee eatent of
this rrajar iesphere ard the nature of ik ¢ xtremophiles” Living there ane chsentially wnkmwn,
Cegan dnlling offers the potendial o probe this unexphored world of the deep sub-stafloor, which
FepreRE fls L wpngque habitae Caar engrples broxplwers/geosphere cycles. Exploring down to the hase
o the deep sub-seafloor Dicsre will have important socicral implicarions for new bictechrol-
oy applications. for bemtee snderstondima ks seneration of hydrocaekens and ore depasits, fol
definime s yet weknow n sgiponets oF the corbor cycle, and for evalaaing the origins of e
on Farth and elsewhere.

The Mediteorancan Fea bs an ideal kcanon 1 underake dnlling campsizng 1o investigute the
deep sub-seaflonr bosphere. Donng the labs Nengene, the Mediteoranean seeimentary hasins
were repealedly the [ocation ofF pecular ervitonmental conditions, which led w the deposinon of
highly crgaric cahon-rich sediments, known as sapropels, In addition, dunng the Messinian
Salinity Crizis in the &ledmerznzan, 2 thick sequence of evapemite seduments was depasited
Baxio-wide wivh 1l desiconnwn of the deenest basine Benzal the evaporits are older sedirents.
which also comiin high ansune of organic mater The ek evapunte sequence cxsentially
SETVEs 35 2 CAFTOCK &l Litting the upward migeeton of alerzd organe mater {peiroledn) or
Eases. This trappinyg effect priwduces sn obviows saletyipollutien frazand and has prevented il ling
deep inte and tiroegh by Messinizn evaporives. If iU werg possilile 106 dnll through thess eaps
unitz wdvanced drilling veclidop y with bloaoul pres e rtion equipment. an unusoal isglaice deep
b e e conimmiy vowlid be peneiraied and samplad

{m the other himd. the close proaimiy of microkdaly viable ereinic mater in the sapropel
layers andl ibe undetlying evapontes in relatively woute foon deeply bured) sediments is facher
wnique (0 tle Mediemanean. Where fluids have pemrated the evaporite xeal and miprued
upward iheea gh the overlying Pliceence/Pleisiov: ne sediments, prae warer gnalyaes indicare ehe-
vided sahty due to the dissoluion of the qure soluble minerals along meir pathwsy. These Ta-
Wi are particelarly ennched in solfale ions, which can be nxed as a terminal electnm woceptnar to
provmole s obic degeadatin of the oaganis mielber #t the sapropel layers. Thes., e neredicans
for an acgive teep sub-sealloor biospher are avallable and casily reached with the drilt-str (N
making the Mediterramean sediment~ 2 Terlile system 30 which o caplore for the eep sub-
sealloor biosphere.
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Freliminacy microbial sowdies were ondertaken on the recem QDP Less 160 and 1461 with
EMCoura2ing results. In particu b, sodies were conducted an the sedimentry sequence from Site
W, winch 15 Jovaded in 2200 m deep watgr in 1he Easterm Medieranean aml condaing approsi-
ey S sapr el beds: (Crape of aof, 19951 The collecied duta desnoaizirde that microbial potjv-
e ccws with depth theveghout the emite | Li-m-thick Plioces/Plevtocene sequencs, ¢ven in
sediment o5 old 4% 5 myr. The micoobisl activity varies within the sequence. with the bacteral
wouTils being highes i the sapeope] lavers than m 1he sorrownding sedwnentz, Hich solfur con-
centrations present i the fonn of pyrite also reflect thiy bacterial activity, 'The 1wl drmueunt of
sulfur increasas with depth showirs bal boclerial sultale reducrion does not cecor only at shal-
lora (lepibia bt costrlinues ateec deep burtal. This crmtinwed activily is suppomed by the Do of sul-
Fale fram bedow, as slaowan by the pore-waler anulyses. The sultate concentzanon throtehoul Lhe
sequence was always equal woor greater Lhan seawater and increased with deprh. This prelimi-
waly ok iwdivsines tha e cornbination of viable nrganic macter inihe sapropel vets oml sus-
taitees! Tugh sullte comeentrativns e exsendal ingedients foe prorpoding cominued bactenal
UM reduction witls Lurial,

Thus, an cxeellent potential i siudy b processes roverning the deen sub-seafloo biag e
exists i Maditerratesn sedimenlary deposite. In particular, the regolar imjsetion of organic Tat-
wer ine the sediments a1 fraquent imereals w form the sapropel lavers provides conditions tor
contralled sxpenments in o nateal faborawry. The sepropet layers are produced at specitic inrer-
vals, approsamalely every 20 kye. in response 1w astronomcally comrolled chimate change.
Kmowledge af (kis iming allows for zood ace conteol, making o possible to siedy changes in the
mierobial community amd their arganic subslaale with depth @nd determine how such 3 system
gvolves wih lime, Fuluee diilling of e deep sob- seafloor biosphers in the Mecitemanean will
require a dedicared lerist b undertake such experimanty and will be possible with the cumentiy
available diilling echmalogy. To study the even deepear and podendially more sciive and moTe e
l2tedd buoaphere will yequire the rechnical ability W dnll in repons which have been previously
awoided, suzh as deilling inie the Messinian evaporite sequences enc penetrating, poteniial hyd ro-
varbon il and gas fich rones, Sach a program i the Medierzanean most await the amal of a
drill-ship capable of drilling safely in these enviignmens,
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Parkes, B.F, Crigg B A | Rale, 5.0, Gedliff. 1. Goodman, K., Bochelis, PA., Frore, 1O

Weightman, A 1, and Haney 5 & 1952, Deep boclenal biogphers in Pacific Ocean
ealienents. Magrere, 377: AHR4ET,

Crayy BoA, Law, KW, Cramp, A, and Parkss, R 1. 1992 The response of bacienal
populations bt sapeopely in degp sediments of 1he Easiern Medilaanean (5ne 28%3 [
Ruberi-on. AHF, Eugis, K. - Richier O and Canseclemghin, A wln, Puxe ODF, 3,
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Deep sea drilling programme in the Black Sea.
Climate change and sedimentation in the Black Sea region in
response to Pleislocene climatic cycles:

a letter of intent

R.Dn. Flood ', W.B.F. Ryzo *, ILK. Weng ¥,
N. Fanin ¥, G. Lericolals 5, 5. Berné 5, C. Dinou %, K.M. Shimkus *,

fMerine Sciences Research Cenrer Stane CREwersgn of Mew Yoark, Srony Brenk, US4
¢ Lamans-Lhaherty Earih hsenaivr, Palisgdes, Mew ok, [754
£ fesradute for Bingecokenisiny gt Maring Chomestry, Hombare Universitg Germeany
Y National fsnfute of Manee Seology and Gen-Ecalogy, Bur bearess, Bommaie
* IverifER, Brext Cenrre, Flonzand, Framee
" Faculty of Geologr amd Geophvsics. Bucharest Luiversiny, Ronaniu
7 fusiftale of OQceamilog v-Russion Acudemy of Sciences, Crefendohik-7, Ruisia

INTRODUCTLION

Black Sca sediments contain imponant cevords of continent:| palenclimate in Central Eunope
(dramed By the Capube River). (e Ryssian Plafonm (drained by the Dnieper and Don Rivers).
the Circal Caucasus dvdined by the Kuban and smailer nvens), and Mosthern Teckey Cdrained By
rumneeotts smaker riversy (Fig Iv a5 wel 45 mponant cecords of manne'BacusicRe olimale,
Lrilhng m the Southerm: Black Sea dunze DSDE Leg 428 (Sies STW-38]; May-Tune, 1973
(M2} demonstrated tha: Meistocens climate altemated between forest and steppe (Bosed pris
manly on analvsiz of polien amd sporgsr and documented changes in Black Sei dona and Nara
related b pass [ake chinine and chemusiry. Howeyer, while paleaclimate records could & rea-
sonably well conelated belween sites, an absnlute struigraphy hos not been developed For thesz
seclions 1Ross, Meprochooy e al., 1975 Collective, 1%Hb. Alsa, the terrestrial pilesclimatic
recerds obtained were no speertic 1o sny parkcslar dradinegs 1egion because the drill sites were
bogaced i tse ventrul wnd southem pons of the basin,

White Leg 428 did not rexoll im a definitive paleasclimate record, 3 Sish- pesolution continen-
tal chtalic documentation of long durakion in the Rlack Sea region Gncluding Central Europe
Al e Buagsian Platform) rernaing off gread inferest because Lhis area was nod directly affecled by
the Jaree continenial zlacsers in Fennoseandia or the Alpine-Cnrpathean regaon. and af the sane
Hime wing very dependent on the melt watzrs of these glaciers, Continental climite here 15 mod-
enitad by the Momb Aldantic cicculation amd ghe Gulf Steecm, Theselore, the oecard from this
region iy likely to be different from the pollen, diaon, and other records being stodied m Lake
Baikal in Siberen whech s much more removred from oceanic effects (Laike Baikal Palroclimate
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Fig. 1. The Black $ea drasrags bagin.

Projear Members, 1992, Caleinan o 2f, 19933, A hish-resslaion contisertal Llinaic reeond
fromt b Black Sea wonbl thus corrplenent sieedees amderaay i Lake Baikal wmd i e
Meditzieansir Sea a8 well e in cdher comtimemal A manae zediogs inclwling the nearby

Cospian el

Mg 2. Geomomphologic reeadion of the Dlogk Sea {alber Ponin & T and G. lof 1887, The Keations o
dribng: o DS0OF Ley A58 ard thawn.

1mped. 1, combanental shelf, 2 conlinerdal zlope; 3. bazes apron; 3 8 - deEp Sed 18N COMpRSSES.
4 b - by apnon; &, desp sea {abyssal) plain; %, palew-channels on the conbeenial shalt s up widh
Halocene end recent fine grained sediments: B, main submasne vallsyws « canyons: 7, paleo-chils near the
shalf braak; 8, fracture zones expratsad i 1Re Dol megrph olegy.
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The probability of abtaivine 3 well-duted. high=resolution «liric mecocd from he Black Sea
has ingrepsad considersbly since 1572 Decavse of (1) improved cove recovery and analysis cana-
bility on the drill ship. (2 mproved onderstanding of sea-level fluctoatons, sedimentary
processes and peochemcal characterisis of Black Sea sediments, {31 mproeassd wnderstanding
ol hov S0 egpleain [uge, muddy Faes 1 delerrire high-resslucion palec-environmsntal records,
4] improved high-resolution paleomagnetic siraligraphiy for the Taz Branhes 1developed inpan
im the Mediterranean Sca and Lake Baikal). and (53 improved poliical chimate thit shoulsd allow
access o the Nartherm Black Sea, # region not visited doring Leg 428, Al of thess factors sug-
gesd 1hat A relum of scientifie drilling 5y e Black Sea now will vield she high-resclution vlizue
revords promised fr Leg 42,

Sedimentary sequences in lhe Black Sea are stronply affected by ses level changes driven by
olnbal glacvavon and deglaciation. Tix level of the Black Sea tullowed only o a cermaie extent
the eustate changes. It has tong been recogumsec thas the Black Sea wus jselated from the
Mediverranean Sea dunnz claoal ptervals when the levels of the Black Sea and the
Meditermanzan dropped far befow jhe leval of the Bosphomus sill de.g., during the Jast olacial.
Ahount H-18 kit BP, the level of the Black Sea dmpped to - 130 t0 - 150 m). Ninze separated rom
the Meditemanean hasin the level of the Black Sea flucivated according to the regional climae
anel water supply independeniy of changes in ihe global oceans.

The poaglacial waming and e lting of ice caps which <ned 13 ka BF resoled i a sener-

al rige of 3¢a level. For the varigsion of the Black 322 level dunng chis period of e there are,
athe presen:, differsm hypobesig, which and iing inne account e regional e perdbe
Leliasion mentioned sbove. Tle mding of e aeg the fodlowang.
i 13 Te hag been poslaed thal the supoly of water Gewards the Black Sea from glacets covenng
e Euissian Plaform and the Carpathean Moooatains was exteieely hizh, and aroend approi-
mately 12 ki BE the water level rose beyosd the Bozphorus sill much voes vapadly tian in the
Meditezanean basm. & large Mas of fresh waer flowed theoweh the Bosplomus-Thaedane ks
:owards the Aepean Jea. When Lthe Mediterrangan ad the Black Sea reached the same level
oo 1o the present Say levell sorme 7.5 Ka BR o t40-wiy waker exchianze wis esablishad and
e process of rransformation of iie Black Sea inte an anoxic brackesh warer body staried. This
aypoTivess (2 supponed by sceennsts foomn cipacun countries (seeoe sevenies), Stanley and
Blanpicd 19800 i revendy by Aksu er al, {19890,

(2109 ehe olkar hand, Byio er i 11990 propozed & new Twpollesis onchamges in fhe level af
the Black Sewn i the upper Pleiswocene -Holocerwe. They suggested that beginaning at aboot 12 ka
BF, reteeat of the i€ Iront om dhe Fwasion Plpdlomn redirechsd Gor @ limiced perived aF Lime mwel]
water fowards the Morth Sea. In thes way, akber an spsods when besh Pontic water Flowed
tiwranls the Acmoan aea. the Bluck Sea, deprved of this mell waler during the younger Dirvas
(=11 Ka BF1wp a0 % ka BF, and wndes ihe influence of an and ahd windy olssace, espenenced a
netw sen lewa| fabl (devwn s - 130 wp, ALGe zame nne, the bMedieraonsan coni nued we nse, reach-
ing by 735 ka BF the level of wie Boapluwus sill, thereby zenetaling o massive inpun of sal waser
inte the Black Sea basin Byan er of, 19597y cogpested ahal the waeer Auy was several hundred
Litules greater ian the lagest wiateluall koo okl vaused o o of e level ol e Black e by
tesris 6o crm et day vt 30-GHC 5 Dllimg wpr e Basin i very oot o Cwil i s e Dae
vear perithdh.

Understanding the influence of this capidly varying Incal sea kevel on the strabgraphic repoed
aof [he Black Seamay orovide impustant cluss bo the eftect of lacal teciocs and chimalic factors
an shratizrapliee segquendces ina feciomcally achve ans

Anolysiz of sediments recovered during reeent deilling ma the Amazon Fao (0D Leg 155)
sugpeita that high resdetion continentsl climatie seconds can be devclngsed from awddy Fap
deporus where the fan atructuc: i well hnows {Fig. 3, Huberle, in peess: Hoowh, inpress,
Pipernce. i press: Flood. Priper, Klaus of of 0 1995 Flood wnd Piser. in pressh. During Leg 153,
paleamaapnatic rathos (pales-intgasity, sevular vamaton. and events as well a4 maanelic sus-
ceplibilily wera combined with wore traditionsl isoropic and palaconslopical methods wnc sens-
mic predifing e develop a straligraphy for sedimants deposited over the pasr ca 200 ki and 10
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Frg. 3. Denube deep-503 [an comples « balhymsdry 200 [ocaksation of the main channets (afler Wong &f
al, 1987,

winrelite belweer sites. Paleoiageelic techngoes prove 0o be very valwalle in ondersanding an
ilselule stralizroply 0 Lake Baikal, ané will alae aaork in fhe Black Sei. IU iy iedewonley than
roofine palcomapnetic measuremen wors wod made during Leg 420, Rowtine coflectivn and
analyss of pateomagnetw dutx duting Fatwre Black Sca deilling apeations will sgnificamby
enharce the strueczrapbn: ralue of the sedimen? sumples.

O pamicular wteresi i the Black Sea are the nocent detailed investiganion: off the Danicbe
and Daepr Rivers (Collective, 19830 Wange o of 1993 199T; Lercodans ef o, 198, Shimbkus
e a1 Shimks ol 1 pregs ahd wopoblished daviy where high-resolotion SChirp" and
Laismie prohiles, Wng.ranoe side-scan dala aod sweath bathymelry kave wdextified two distinel hat
imertingeting deep-«wa Fns one relaed w the Danube Biver and the tler 10 the Ciepr River
(Figs. 3. 4). Tmilling in the Danebe Fan will recover sedimenls (ind pollen r thar aciginated in
Centtal Europe white dilling in the Pmepr Fon will recover sedimnams (and pollend hat ot
mited on the Eu=sian Flatdomy (Shimkos eral, 3977, 1979 Komaroy, [Heb; Wong & o, 11w,
The sedineenl recofds will als¢ provide piarmoator on the timeviying s2dinsdl las (o ihe
Elick sex and = dependenve o sain deve] ohanpe and chimate, To accamplish these goals. snas
mu=A be carzfolly ohosen bsed on hdph-resolrtion seismis data so that al sesmes unils neces-
wly bu Eomatruet this composie revord inbe sampled Luriog 1he jodnt Frenche- Boaanizm Sure
vay of 1998 Couried ot an bosrd the French B Ly Sorafr, evidence foran encher lowering of
the level of the Black Sen was bound, This evidence sonsise of vary degp incisions (up to -S40
m bzf) of the Dmepr wed the Daousbe Do e connanial shelf, probably dyring the bessionan
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Fig. 4. & qun pagdilg (Mo 1233} across Tha despesea Danube Fan Complex {after Wong ef al., 1954}
HAR = high ampiitucke rdlleciors, LOF « e ohansal fill, L = levee, MTU = mess tanspart wni,
CS = condengad sachon, 1. oo & SEQuenca ammbers, B mulipls.

erisis. whiclh his hitherio not besn clearly docamented fior the Black Ses Two ar three younger
M isions TSt inside these deep chinnels, the poungest onmed prbably doriog the ast glacizlb
being abkow 120 m deep. Sampling and daing fe zediments intdde amd oulside these incisioos
will clarify the sequence of everts deseribed.

The Rlack Sen, being the type v haging bz heen he se af 50 nomber a7 peos hemical
invesogations focused primarily on the eavhar ceele, The cesilie of severl magor expedilinns 1o
ihe Biack Sea (in addition to DA0OF Leg 4251 have heen oonepiled in Degens snd Bocs ¢ 14974),
L echivr and Mummay (1911 WMuray {921, Srrakboy (19710 Shimbkees eral, (19750 amd Emelyano
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ef af. (1920, invinding Biomarker stodies of sedinen (rom both (e presenl-diy anoxic and the
lile-glacial lacusinne enviionments as well as of e sapropel unit that separates hem. These
sludees provide an imgaatant basis vor integpreding g onger core rocend of the Black Sea sed-
trens. bl i Eam gl nspsJan sen mat.

Whale the DanubefDmiepr Fam: and the Amazon Fan show definfle smilamiies f ore apaher
ard W oather mud-rich fans (mcluding the exisiersse o’ |a1|'EE_ mesiTr=r ng, [evees shaomels:
Figs. 3.4}, they ave Fomed uinder potentially someswhal different condinnns =5 rhe Rlack Ren way
a fresh-wder lake dering mast ane intervals whest the fun comples was nefive, Ti fresh-waber sys-
tents. hyperpyenal Aows {flow of tarbid fver wate dirsctly ings o lake sl 2long the lake ot
trn) are poszire under many conditions while hyperpyenal fows accre valy mely inoa moring
serring {hulder and Syvitskic 19953 Alsa. Bne-gramed sedineshcs iranspurtad by mver into freghe
water do ol floceuTate o the same cepres a: when ey are iranuported by mvers ingo 3.0 Wwater.
This change in sediment inpot conditions i stace of foccubation conld ead 1o differenees in the
size or foequency of wriidity cwvems and the muling wrbidite depsing. mbemtanding (hesz
poential differences 15 bmpotand for miegpreting paleo-cnviromnental conditiors from sedimen
deposils, especially o ectonic senings where larga Like badizs can develop

Owr podential drilling philosopdy Gor tie Dlack Sew 5 sinnilyr we s [ellowed in the Weslern
Couatorial Atlawic (Legs L3 and 1530 wherz zites ocated o dupug raphiv leatores provide dom-
marity pelagic reooncds an bower aveurmolation rides aod siwes Focated un Cany provide dominantdy
tervesbiial reconils o bugher acownialaloen rales. Adeayuasne Jatg exist ax o resull of recem Frenchd
Reoivaniiu GennondRussien/Okrainian surnieys aud obher recent work for inital site selaction, bul
additiona! sitc-specific daws may be weeaded prior e drilling. & corinaion of s common sue-
vy inthe next owo yeanrs will vollecd alditional aml nore deeiled Chicp”, sersmic and mgli-
beamn bathyemewy data oar the shelf amd U Danobe anad Disepa and T2 Aninitial csimae
St geses il G- holes ranging wp to H0-G00 0 Bl Trone ot Fanand non-fan regions woule be
ek b cnllect e reguired sedimnenis,

EELEVANCE T0 THE LONG RANGE PLAN oF ODP

Elack Feo dnidling addeesses aspects of all theee sowennfis themes developed under dynamigs
ol Earth’s environment and wnder leitiative 1 {understanding nataral climae vanability and the
canses of rapid clanae chinge . The recoversd sediments wiil provide an importast high-resol
Ll et It pecued covering @ leastdhe same glacial and @arly inerglaceai tme incer-
vl gz iw Lak: Badkal and in ice ¢iowes 4in a region inhabted by cacly mar ail the tme) 3nd perbaps
duwm o the upper Pliocens and Messinian events. They would also addess the causes 2nd eflects
o docal sea level change driven mpar by plobal variabiens and in pit by local eclonics aod < li-
Trace, Wea wall be able ke deterimime the secimentolagical respatse of sea tevel vhange that occwrs
aver g range of times scales from vely fasl i fes years) 10 moch looger. Amwoc basins pliy an
impariant role in the cabon vyele, aid 8 pecord of changing carbon preservation et dregnic dia-
genesis can b deermimed here. Also. Iwcluating oaygen levets shomld et 10 varanons in buc-
terial eomundinieies, This second mizy be particularly inleresting because Leg 153 stedies sugges)
thin many bavier an: associated with plant matenal im turbidae ayers,

CHPERATIONAL CONSIFERATIONS

‘The fimt Letter of Intent was an vutzrowih of an intzrcational workshop on “Fluvial-Marne
Interacaons” in Malnas Spa. Romanii {Ocober 19990, The present second letier in the resald of
a much karger discussion arganized by CIFSM. te Marice Crenlogy Commities. in the iramesearh
ol & workshop on "Mediermanean Seentite Drilling Ferspecives” (0rmad:, Spatn, Jooe, 1999),
I parlicipants plan t broaden the appeat Kr scienzific inpon g potential dolling plan wihin
the Mediterranesn-Black Sea kasing, throwgh linkages o differenl international arganicabons and
communities and SCORE workeng stoups. thromgh workshops, and theoogh direct discussioms.
For e Black 3ea, the co-vperalive projech involving npanan amld ather European counries wili
creale o tuvorable polical and scientilic ¢limate which will enable possible difficultizs due 10 1he
fack of indemationally recoygnised maine boindaries between countries around the Black Sea o
be cweicome vewe edsily (althoogh discussions between coasial counines e wndervayh We
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have also discwssed with TaMu (Texas Ao and Manutecine Universityd powenmial phesical prode
Tcms of gedrite: the fonedes Resofifioen into the Black Sea. [n 1975 the Giomerr Chedfenper cleareil
the one brudze tal crossed 1he Bowplwocus then with 2 moto spare, Tabd G ady ises us Whal the el
Roreodbrranr Wl also O beaxemb tie i Bbridees Lhat pow exiz) altboorh some precawions may
be necessary such a5 reositing 2t night when fhe brdee saps Sers under redoced (raffic

CONCLESIONS

Contireinal marging aee wnwporanl reposilones of infmation about the Earths hastony.
Sediments deposited e this environment a'theoeh somedimes difficalt 20 decipher, conlon
tecords of seduvent fux icea e cecvae (redgied in part 1o sea level chanpes), oeean circalatoon,
ared Taw] amd oeean climate, Margen enviconments are ol panicular importance because wodi-
e alion cales are wsoally high (ths alkwing for ogh-resodution eeocds ), and they are located
where ramne and termesinal records interfinger Intsrpreting 1his eeovrd requivas d decailed ooder-
stamlimg of sediment processes and distribution pacerns as well @ enesiial 2nd maniae climate
analogues, i luding pollen, spoces, stable isolupes wd biomackers

Receat drilling o the Armazon Fue fONP Laa [55) demuenstrates that igh-resolotion terres-
tral zned marioe reconds caw be ohiamned from moddy deep-sea fins poovided sites are carefaliy
chasen (Floowl, Piper, Blans o of , 1995 Flood and Piper. 0 press) This spprosch of ahimning
IMtggratad Tavantnial and Chedmne secords theowgh FAN coring {INTOEAN: can he nndertaker on
4 sy stemanic iz an laege Gang from many differsnt manzins W oblam climate records from sev-
etal differant comtivetial inreriaes, The Amazon Fad provided a firg high-resolan anplication
of Lhis approach

Wl propoge eee 2 sinibar aprproasch v te Medilemanean aod e Black Sea, and aie ha the
Black e contmental chmrate recond of the Danube and Dodepr Cae will conplinent o powennial

elimute record (rome soulhwestern Turope propised Lo the Risbie Fan s well 25 the vecord of
coutirentil climate i Central Alrica, which could be Becureuwesd wisthin the Milfz Fan.
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Is there a Mediterranean=-North Atlantic elimate feedback ?
Testing the hypothesis

Targaroma, J., Cache, 1., Canals, M.

Oirup de Receroa Comsodido de CGeocdencfor Morines,
Oweprortamend o 'Estraigrafa © Pafeostitlogio, Serce b, St

ABSTRACT

The hleditensmean Sea circulation can he regarded as a min-coaysyor Lype, with watsr feom
the Atlantic Ocean flowing in and Meditsrrancan water flownng out at depth. The balance
Serween riflow and outilow s coneolled by the basit's heat and salt hudgels. These are mainly
sel by the properties of e Bwth Allzntic cliraee and water mass Thowing in- However, theoe L
al50 3 possibaliy that the outfiow wiber, by plaring a cole in the coeawglaphy amd <limake of the
Morth Aflaniic. sat giwe a feodback o these budgets. Tal, whedher and now e Meditenamean
syrben, oeEanopraphy and climie, is coupled to both the Mnh Atlanoc and e ghebal syatem i
anknowm, Progeess i whis area, demvimds therefore new drilling in the Western Medigranean.
Specificadly al lvwo sites: beneaih the path of Allxatic WateT skitting the Morth Attca anud she Gulf
o Lyrms. T'he results are crovidl o develop odeks of climate charge patierns arfechng Earope
and the Medilerancan,

Specific (Yhjective: Provide answers to the key quesdion: whether thers iz & fredback hetwecn
the hMediterranezn znd Morh Alamic systeme This guesion is wddreseesd by Taved . sea correlation
aftar proxy recards from sea sutface emperatiee, sew sacface vl desp-oaa prodeisity, coni-
ne atal temper e wed rninfall. From analyswe the proxy reconds. (he phage celaionships (leads
and l1g=) Betwean annspcdons climate cvents traccable i both Mediterrinean and Aslancie (e g.
Heitmich and ThmseaardOeschger svcles) can be nhtained.

The Medirerranean is coupled o the Atlantic via G oceanr §inCoswsounflew regire) aml the
atmoapheric cirewlation (influencing desp-water prodution and previpitation). Uneveling the
precize mmwr2 of his coupling under different climite Eorcings regquires oew dnlmg e Uie
idedierranean, The snes needed are located at the Morth Africa Mangin ard the Gull ol Lyons
(Fie 1}

1 - SCIENTIFIC RELEYANCE AN INNOYATIYVE ASFECTS OF THE DRILLING PROPOSAL

The &Tedilermancan Sea iy 4 landlocked margined bazin of the Atlanie Coadiy conneceed b the
Stlantic by the Strait of Oibraltar, Aldiouazh the bagin msedf Hes withion the donain of the suh-
trapical high-pressure belt, alony whech andity prevails, s climace and oceanography are sinong-
by coupled to those in the Atlantw. =specially the Weitemn Basin In fact, ibe Mediizrranean
thermohaline circoiatyom works in such a fashicn that denands fiesher and cooler waler irom the
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Fig. T. Map of e Western MatMerransan temon shivry 108 sudace (sold amows) aod desp arealtion
{holow amowe) and Ihe Kcabaa o ihe propozad drlling sibes. Shar siccasds sie of oore KS-510 In Fay 3

Allantic Cooun wiiks giving salioe and wirm waber back at gepih A share of tis Meditemranean
Ol Wied {MOW) ravels thess v 1he oedhern Mocth Adlantic. There, it contributes o the
formang of Mol Arlsoie Deep Waoey (iVADW) amd therewith t 1he North Adantic thermoha-
Pne ciecalation. This circalaon i> pegacded us o vonveyor bely, drawing hear and sal from the
Marth Alaniic to the Morth Pacilic (Broecke: 19953 On fhe wther hancd, Lownmg MADY implies
the releas: of large amounes of heat e the atnrosphere. By dviving s ypolvienesds, s heal sets
mation Lathe footh Ardaii¢ depretsmon system amd ~orn ragks (Fig, 21 Thus., vhe turth Adlanlic
is reaorded as ong of The major cormpooents of e world limae sy,

Froperties of the Artantic watgy inflow smd the reean posioon of 1he Adlantic stoe eacks we
bath Key factoes i s21ting the beat and salt budgets of die Mediemanezn Sea. On the one hand.
salirity und etmperatoce. of the Adfanoe inltow ure clowly modilied by the regionsd L limae along,
the path oF inflow, While, polar wand cutheeaks i e Gulf of Lyons, relat=d io North Alamie
cyclones endering (he Mediemanéan, lead o extensive winer-canting and w the steering of the
regrenz| ¥ lois 2yre, Water from itermediale depths wells up amd mives with soface watar,
borming decp wider hut will later oulflow weer the 5110 of Giboalar,

Therefore. BOW peopertivs and volumee have the potensal w influznce e Monh Atlentic
{thermohatine circ wlalion and clinvare (obnson 1997) However. the Murth Adantic atmesphenc
~ytem has the posstbality o give A Fzedback by influenc g the deep-w ater produciion in the Gulf
of Lyons. and the Meditervanean climsse. {evestigating these feodbacks will peovide insight nat
only em the conpling herween e Mediemanean Sea and Marh Siamtic Ocaan syeems. bur gl
hivw different coanpenents of the vlobal chmate may intiemet with aach arher,

LA Testing the ly pethesly: lavestiyating coeval abrupd climate changes

Tesing ibe “feedback bypothesis™ can only 2¢ dong by investizatng ala bich resolution the
lead: amd lags in vpnd clissanic and ocesnographec changes that can be iraced in bok the Warth
Adlantic and the Meditertanean, Such svenarios anre fend during the last glacial penod. when the
Maorthemn Hemisphere ice sheel collapsed several imes. Consegquenty, bres amuunts of icebergs
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Fig. 2 Map illuztratneg tha relalionchios betwean dha Morth Atardic cingylalios, e cadkomaness, and e 1o
madion of dasp watar,

were released it the Morhem Monh Allantic in episedss known o8 Heionch evens (Heineich
195%; Broacker of af. [Y92). A suile of sia #verts, numberd HL w HE. hag besn recognized
LEAMAR- 12 s H L, 2GRS (H2), 2E 8840 (H3), 33300 36,060 (HAY, 32,0050 sHA), and 67 077 yi.
BF{HEO) (Gronssel oF of .o 1993 Lebeewn e ol 1965 Melung of thewe icebergs reduced surface
salniry and sermperatures of che norhem Mooh Acdantic, and thes infllvenced the formation of
eep warer amd nomnvard heal eapon by 1he ocean. Paleeclimatic procy records from Sreenland,
Algbian Sga, Mot America, Anldrtica, ag mew ke ckear evidence thae Heimicl events
hiank & wlobal inipaecr on the clinnate (Bond ev el 1993, Bioecke, 1994, Cla k wid Banlbein, 19351
Wel, Lhe langead nupact is eapecied oo il Climo: ul cegnnts duwnwined U Morth Allantwe, MY
Cutope, Medilenunean borderlod=. wwl N% Al

Evidence is now emerging (hat indeed the Mediterrangsn temestrial and manng consysiems
wele averely affected For instance, peaks of sub-arctic dimnflagellats and foraminilers gpegies
are kound in the Alhoran S22 and Golf of Lyens al iwes of Hencoh events [Targacona 1067,
Fohling of f,. 1998, Cacho #¢ af, submitted s, In acolbder Manth Atlaniic, the regon of desp-vwater
lormalion ahills sodthwards and with i the remon of cyclagenesis. al present betwsen loetand
and Greenland. With the shifi, mone depressions ares expected Lo eater the Meditemunean, In soch
scenario, & higher frequency of palar ar ouLbreaks woould inceeuse Tormmation of deep-waner in the
ol of Lyn-ns* Clerate chiahge is towevet 11072 Jiffieull (o doctiment, Mantly, Decaoze [ong
high=rascdulin pollen recands ang virlwally kacking However pollen secords over MW Europe
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reveal severs andily duckng a tme interval that mught be cormelatsE with H1 (Yan Campo, 1984
This idea bs Turther suppored by a palyeological sidy of cane KS-310 (kg 31 The diagran
Wby Uil B e surkace lemperanires 21 e oine 0f B ame related tooandity in e cominent.
Fuitfeermwre, this conclusion is comsisient with obsenvatabs that loar 55T over (e Mol Athantic
we vescurrenl wilk the summer addiny in rhe oropees sl winter ariddy inoemperste latmdes
suche s the Medilermanean Sireel-Pemod and Pao, 1990),
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Figura . Land-Sas corralaton of evenls cver e las) qiaal-loviar ey il Basibon in core KS-3 103 T ot
Einmng dinoflagedaie Cral (eea surface femperaluns and productivity) and pollen recorda. Nole the iInass
m steppe during H1, together wiby iow percantages of kedharransan vagetaion requinng wanm winias and
taok of decsdwois Earest whist demaneds Surrrma FainLa,

Finally. the stgmificidive of invesligatmg Hemnnoh events is that they provide bospJary condi-
tohs fur a dingnla scendrise A vlimale chinpe Diduced e bdediterrames ) by an esivang ho-
cribg of s¢a sorface keopersiure awd sulinty vwer Qe noothern Norh Adlamy, L s
boecange of Ben influense aves such vl areas, dhe stody of Hreinoich thine- legvils v provide
insight o hoowe Qi em cormpommnta OF Lhe glidal clhirnate mnlerace wilth sach iber. & know ledge.
which (5 crucial to boild B predietve capaldliny il clirale models.

2 - METHODOLOGY

T invesdigale lealy aml lags it b chome and ovsuoeraphic change induced by Heinnich
cveils we i ar g Dega-prder land-sea comnetataots, T correlatiou will be wchieved in a multi-
diseiplinary Groameansch. Wehin this T b, seseral proay reoondz will be integraed. The
parannceeys and she progies weed and aimed a8 descaibimg thie rmannss ol lecrestrial envincnensts
mie the llowing. sea sorface tewperaue 1610, U% . MAT (foramioifeca wal immage] e
cyssk salinity (B'°0, <heoman catie R vaygenation (benthic foraminilera onygen indea, §15C
epibcathic fwams, sedinmmary oni-hediomdes (Fe, Mud, bollom Dow vae (clay oiberals
KaoliniteATklrile ), nuirienn ulilisaticn (N1, bologwal production (TOC, albemme and Jiwes-
terol consentradions, bente, accumulnion mtes of mfaunal benthic foraminifeia, % of Cal0,,
apal accumblahan rates), 1emestoal chimide (pollen}. runoff (lignn, pollen from aquatic Teesh-
walct plants).
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3. DERY.LING NEENS

Testing (e research hypotlieses seguices 4 meopnam of o driliing siles in the Western
Pededvner raean Basan, To nunnno: Clanges i the propenies of the Athaotic Waler influve. o core
skwnll be dralied in e Mosth Sfrocan maegin, While, in ooder w niwniug changes in desp witler
production o secomd drilling sie shouid be e GudT ol Lyoas, Thiese paositivnis were g ovensd
duting the Jast ODF Lep in the hdedinerraeean, althoogl ey are coecial 9 hive & eomjrlee pic-
turc ol ike Medilerianean Sea paleocearsgraphy.

The proty reconts obszined in O cores. can be conelaed with Lthose from CHIF siies in the
Alboran Seq and Morth Adlanoe. Such comelaon will enable to (wetray 3 complele prere of the
voupling betw=en the Medierransan and Adanue Oceak.
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The Atlantic-Mediterranean gateway

Andrés Maldonado ' and C, Huns MNelsog ¢

' lesinne Andeduz de Crencias de br Tierra, C5LC hive rgidad de Granada, Spain
P epartrnt of Eheaiegraphy, Tewr: A & M Loiversity, Colleze Stuiion, 1.5 A,

ARSTEAT

S the hessinian "salinity wrisis was posiulated more than rwo devades 320 3 sreal num-
ber ul researchers have specu lmed on the events which led 1o the isalaticn or the Mednecranein
Sext lowm the world's oceans and vt possste efel an global hydrography and chroae ! Benson
efal, W91 Bryden ef af., 19915 [nspite of the fact that the origin of the Messinan £vapunte
depasits in ke Mediiransn bl provoked discussion and coniosersy untl recently, the modet
ol 4 deep-basin desication b ginned more acceplance dug 19 widesprend evidente of Lhe teep
Basins. subaerial ercoion, bisckis water deposits desply dutied an presem and the Ixk of evi-
denice for 22 W3 e windespread sulsadence (M er gl 1977, G0 e il 198RS Cananllo 26 af.
1992, Batldumades o1 eof. 9925, A3 o esull o majur etfor has been made duting O lasi few reams
Lee pdemiify thhe locanion of U s galesways between e Aani:Mesdite s aumd he dynam-
res of these contlections (Maldomudo. 1992, Maldoeato and Nelbuwn, 199550 Belaon aml
Maldanads, 19900 T chis veapect the study of Qe Gull ol Cadiz and e Al Sem e semii-
cant precisely Bocause all possivle vwmections have been Tocel=d jn tha eeion (Maldumdo o
al.c 19U 1999,

Al present the dedueronernAtlantic wiler exchanme 5 regulated by the Sl of Gibralar,
wihich hnpoeses a low heyd exchange by mazioe advecbon with the open sceun (Melson ef ol
1393, 1999, Johson, 19975, The comples. honom relizt of thy strail, soataining a westeen shal-
low sall and deep basins i the castemn #nd ceateal seolocs, imposes an inlermia hydraulic control
al vl ot modiiyong the pyenochine depth sl tee over-mixing of bMediemane:ndda
walets iFizs. 1, 2 The excess of evapararion in he bedinerrunean, the genmetry of 1he thiesh-
olds and the charactertshes of the Aanlic wialers ae e main dnving mechanjsms goseming fe
water eachanpe, winch 1 probably one of 1he moso sigafican faters o the contral of G
Bloditeminean Sea’s prewnt evelunon. In addition. il bas besn proposed tkat the deep
Medaterranean auow infloences circulztim moibe Allartic, inclsding the [ormaton of the Nodth
Atlarbic Deep Water and, i consequence, waorld CliTmate as o whole (Eodeoo of af . 19,

The climutic ancd ocesnngraphic Tactn: have ned remained constan thrsagh ome and ence,
contrary bn 1he present snti-ccuanne regime nthe Meditencanzan, hy pathess< of estuarine Lypa
circslating anel coitent reversals at several ome periods (rom the Miocene w the present day have
heer surgested wnd detrted 1 Tkuretl and Willians. i%8%. The clasing of ihe marne Belic and
T commidors between Lberia and Africa an the end of the Miacene, which injliawes the tempntal
destceanoon of the Meditenunean veprosents omly ooe of Lhese events, alwegl it cunsedqences
ae Gorlainly very speclacular fHaD e af | 1977 Bewon eral 19910
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Fu] 1. Lecalise chart of the Aleoran Sea f Gulf of Cader ranian Tha EBwtan and Afrisan fealand 44) ana
[Fue Albtrn dornasn (2], repregant fa cmerged Gieas dorlg most & he Meocana lime. The Sodh Ibrnan
ard Magribian domain (3) and the Termary fysch orads (3] are 315 mckcated. Late Maogene marne bagns
a1 tha Bew: and Rdl condBeras. where the pia-Messinian comsctos betwaan he Madtermanean arid
Allactic Ooaan could Ba koaied ave depeted by & dthed patbern (33 Opan amows indecaka e presea
surhcial wflow of Sliantic weesr Nk ihe Abatan S Sl Diatk 1Aege amews show the pelays o Inder-
eriedlan Medlbrracean oulilow water i fae Rl Seg Shorl back arrows ndecate te paths ofF gegp
Pledlenmanan auellow walers. Dewdils: Wack arrows in me Gull of Cauw, depict 1he dissribotize o
hdedlieransan aublow walas

The recent human coftoral charges in the Mediletranesn aees may sicniticam|y increase the
hzditerransdn outlow velume W infiuence (e sedimentary recime of the Cadiz marzin. Maost
impoatand, incredsed vutflow may madify the global chinvile, Recend aadies of climatic condi-
Tiuns and Pferred ocemlie Ciculalion changss sugge=t thal decreases in Mitankovich insolaion
can weaken Afcan mosoons and deceedse Mile Haver discharge dJohnson, Y97y Reducad
Tresftwaiter di-charze wicreases Mediecranedn salmity aod consequenily, Medilerrangan ouiflow
virlume, cteased oulllow m en may have the prdentizt 1o modity Nocth SiEantc wiitey circus
fation Al e tnager peowth of the Cangdizn we-sheet. | thes bypothesis s comect, then man s
e polenial By cause new 10 dges becauss dammanp of all major vivers durime the pusr A0 vears
has reduced infuid of river water 0 the Meditermapean Sein i35 [iteee a8 33 of roreeal Hidacene
aAmimnbs { Messon, 14ENT,

Sipncticant |y cedvoed mflow. coupbed wath secombany eftects of glohal wanming that jnciense
cvapmralion rales, further incsease the generation of Mediemanen sarflow waner, The gionil-
cantly reduced freshwdter mput 0 the Mediemonesn alresdy is o reality (Got g1 af., 1965,
Stanley, 1988 Palenoues er el 1HMF; Melaon, 19N, dTaldorcdo and Melson, F9990) and evapo-
ralinn also is increasing as e s carface emperatiues viss bacalse of the CO2 morease in the
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Fig 24 ZSanplilied Wchopic skalch of Fe Gull of Cade aief sundorderd areas during e lale Mescens
Cpen Inanghs, clisiostrome front. Bedd tdangle; Alboran Doraesn and Clbdalar Arc dlyact napgpes ool
frones. Wadilicd Irgm Sang de Gaddeans (100 grd Maldonada f af {hie =50a)

Flo. 2B. Samplilled palaegrodranhne shadch al ihke Caull o Cackiy aod surrourdicg domaes during the Lale
Migcene showing e disitibtion o depoaslongl envecrananis and he aircard pabarnt The soslham
|barian gateways were boekd alang the Betic, wheraas The o Adrcean gabawang weis bcakel abing

1ha A,
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Jmees e resU e Trom e actrvities o ooans., & Hhewgh thess facts are known, this hypohs
iy Lhal invveased Medilemanezn owlflos may idgger developreat of Jonk Aaerian joe sheets
ohaaon, 19977 is only ome af many Dypailiesis corsersing the comples problem of ghbal cli-
myale clusmges Ada minimwin, te deiailad Ik of pes Mediecanean sutlow hizsiory woo)isaee
chinge newds o be iavesDgated woevaluale the potentisl effecy of the cortinuing <ienifican
miTese of Mediemanean outflow ducing the past Tew degigdes

Mew reflecton profiles of the Gulf of Cadiz and Alboan Sea eollected during the last kew
yews clearly show several siepligrapling secions where deep drithng w11 5e peccsisony in crdiee m
andwer thess lumbimental questions that runge moope fom palepclimatic clomges of the betic
Zaleway b present day potential anthrepezenic € e, The palsoceinopriphic evalution ol these
zuteway s and. in consaquence, af the worll oesamg could be preciscly addressed by this deiliing,

CDF dnlling studiss are mandatory {0 confinm the Link beiwaen the blediterranesn culllow
and peaw sl epochs, Within the Gull of Cadiz comourile-lnfl deposits. it = necessary o exnmine
detaided lithologic and mictolauoal assemblapes related 10 chimalic varationn and Kaditers v
ouiflow Mectcations (Fargeres er ol 1985 Melson of af, 1993, 1999 Sierea &5 of . 999 New
stdies of foranumileral gssemnbloges <o shat there are micra-palenolorical echnigues Lo cor-
ledare depodition of mdis idoeal contunte and beds with maximwm glacial meit episodles chidng
e Halorene rranspressnmm o sea level 15iemn & af 7909 These tachnigees con be applicd 1o
ODOP dnlt cores taken in sodirmem dift veowences of Retic and Gibealtar Calewiy paleoceano-
graphic sysranns, Lithologies of conlounle drlis. wirbsdite facies and a vadety of saisnic s ysemn s
iracts (rome the Cuadhz margin, based on OGP drill holes, wili need o be coenpared itk the: near-
by amd raare Lvpically developad facies archileciire of the Alhoran Sea o order 10 anderstand
warar exrhanges herween (e Stlinng Oceam amil the Mediterranean Seaand the closing or open.
ing of $he main sateways,
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Detailed studies of a tsunamigenic shucture
oflshore SW Iberia ; the chance offered by the tectonic source
of the 1755 Lishon Earthruake,

4 preliminary ODP proposal

Zitellini M. 1", F, Chierici 1, A. Corregpeiarl 1, M. Ligi !, R. Sartori %,
L. Torelli %, L. Vigliotéi ! and BIGSETS Team®

U Ixteterte Seedovia Mavina, Consfplie Nergiowele Ricerche. Bodogea. ftoly
Y Dogeetiviseasn Scicnze della Terrm, Universoir Bedopns, fafy
;! D.!jl_'mrrmrf:.l..l'u Scaerpee el Terva, fMierns Puridad, f.l'-:!;j

ABSTRACT

Eprsodically wunamis affect the codstlines o several countnes. causing hundreds caswalines
arud compelling civil authomines aml wcwentifoe conimenily we desise affective sirategies for min-
raling human logses ammd dansges, In 3W lbena, oHshore Cabo de 5. Vincame, a single. 50k
brng., sctrve thrust siruciuee with tora dipe=slip displacemenls wp tol K m o and decoblemenl sar-
face recognizable donen b 16 sec TWT (aboort 12- 13K deprh) Tias Deen discowenod, This tectonc
sroctuee 1% lecaled an A present 4oy acive sersmic ared ard s iferred we be the mast probable
locstion of the karde 755 Lison Fathouake™ epicenter. This sttuciure s preseoily under
inense geophysacal and peulogical mvestigation sponsored by the BC thzoogh the pruject
BIGSETS {Big Snorces of Barthquake und Teumarm in 3% Heeviad, The precise localizakon of a
L ee= i Aomlee im0 naorow area oould offers stringbtorwand oppominty in the study ot
tunami pensrating mechanisns, propagation and warming. The OFD sites here propossd will be
nocrgial step toorevesl s dectonic kBistery theowgh e and 10 monilw s present and talure
dclivity, Wa suggedt one borshole acenss the fault plane above and below the disconginuily 16
mezsure both lhe phyvaica] prope ties of the tovks and the i g sicess held. This borehole will
Crve a8 seismic observalory eilher 10 monice the weisnic activity either o ealend (he seiznn-
lopical diaba, coll2ction al sea, 2lsa improving the resobotion of lomagraphic nmaging ol he Eath's
inleror. A second herehole is planmed to collect the necessary stratigruphie informakn far the
understamling of e defoomational Bislray of (he stienee that conld aflew a staizicat evalua-
tiom of The sexsmic risk potentiad.

INTRODLE THON

Crp of the st imperant ey reganding tsunami mitialon wbd warsing 15 the tikelihood
of senecation of deswuctive wad=2r waves after lang recording of 2 sirong carthiuitke ccuming at
sea. Ahowl W% ol the world's Lacse, shallow cathquakes oveur in the sircumpacific belt, with

G5 CIESM Weak chop Sasign n6
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il even bigher percemlage for miermediaie and deep earthyuasices. Ondy 3 2 percent of these
mtgar can T uakaes events sorwally 2enerae Sunam ) waves CWard, 19900 Tnam waring shoudd
prevednl the ebicclively fow Guaerophic venls among e tathquukes 1hat polenmintly may

el sy a vieatfi. Lhlosnstely Guanand waming is presently still unretiable: oaly 5% of

warting abacni emiled in Qe Hawaiian area is elffecnvely followad fy o raanand event (Milbym,
15060 This wnpeliubility, producing fatalites. e:ohumics losses and 7 plogredsive dungeros epoe
siodn of credibuliy m e involved populativn dhilbam, 1M, 12 30 due 1 the scaree Held
Erwvwlbedlpe. of Liunanti phemmens, Presenly waming iz mosty Based on earthquuke's eheray
Wacsheld criema, being the wamming Ureshold measured by @ sersrme network ngared i1 ]y wn
Lard. amld dram an early Sage noniloring of s¢a wuter desturbance. The siudy of 14 Mami gen
source geamedcally well consirained and shiwmg well defimed stroctures. fike shape, xtension,
devellenien xurkaee position, depah and length, ele, coan give 8 el iprevement in the umler-
starrding ol evanzei gewecnion problem and can be dved as a field test labeoattony b Lreken the mos?
wlilival pagiimiers 1f i [SUNAM generyor

A% a mibtter of fact subeaceatic stoucture. while probably have bele influcnce s 1sanam
proapagiiem. could have gram inflnence on tsunami gz necalion, To pre a rough idea Ward {15600
SugEest That “whe Lipwintionr i psumarnfl ceiravion, sodedy drie 1o the Carth strwcture maaybe arnmd
2K peert i wimilor Earth wcdals™,

In Wesemm Europe ¢atastrophic usami are relatively race and they ame assocized with the
sersmcily caresed by the plale converzence beiween Ewrope and Africw.

Ome ot the must catastrephic hisoncat ewitquake and torami that sirsck Westem Burop:
weas the |1, 1, 1755 Lisbon Enrbgquake. This carthguake 12 famoss o Titaaure hecao s i weas
oie Of the kugest episcdes ever occumed in Wesiern Errope. In g amsed about 10000 casualiics,
abowt LD of swhich atiiburcd caclusively to the tumany (Baptis ot of | 19Y%), Recentiy, A
tectonic sirociurg whick probably caused the "175F Lisbon Canthguihe™ hags eea husged (Fip 1)
by ang deep penctranng muli-channgl seismc (MCS) profile colleared offsbwee Cape San
Vinwente {2itelling ef ai., 1989 The lucation of the struckare, i this proposal neoed M arguis
de Pamibal™_ is consistal with the source arca for the 1755 santiuake o it basis of Bachwanl
tsunarnd wsdcling (Laptista e of D98 &, b Bloreover e structwe o owell conlined wod ol lows
0 aMack the tswnami geneainn proflem witly o novel saegy, 2. wying o imeasace the sep
weler penlurbotiorn: during the eathgquake, doon 1o very low agniludes seizmic evenus.

After this idenrification e EC Eavieonmenr and Clivnate Prosam 1994-790%, Technulieres
1o Forceast, Preven and Reduce Natural Risks., finded o v vewr f1RE- 1HEE project eonirac)
n® ENY3.CTY7-0547) called BIGSETS (Big Stnices of Earthguake and Taonami in SW Lberiy' in
further investigate the stoycmre The planned sieatey of the sterdy weils developed im three main
aspects: 30 imaging of the fault pomem amd of the deep decullerreni sarface that bourd 1he strig-
ture. The sty snd the monitorng of 1he present Juy seisaicily. The montonng of the seafloor
Mewvenieng aml of the eventeally aswowimed sea water periurhation.

These goals were the main abgecived ol the inveshgation wnderddien om behalf of e EC pros
Jeot BERGIETS tur e sz nplishied through
L3 1wty week multibeam survey ereompiessng (he whole siuciare 1o obiam the sea boltom meor-
pholoey aod the i read extension of 1he siouciore and B select the safest sjies For o Uecedsive ORS
depleyment:
23 30 daws of high resolutien MOS strrvey o il bominale the (ol pareem 2nd W collece sediment s
vures io infer Lhe wyee of the defactation:
31 one week deep ponetrating MCS profiling osing the sinale bubble leclnigue coupled with
aclive OBS monitering mn wide angle land based refraction recosding o schicve 1 3D imaging
o Lhee srueture ined the detarled imtereal velocity of the siaca;
41 Lthree b of continuous pssive GBS mwnitoring amd Tasd slalivn recording of <he namr|
SOy,
30 lide piniges moniloring of seawater periochation
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Flg 1. Seemc ne Linae AR2-10 sfler poakstack fime migration [for location =ee fig.2]. The thrusl
gbracdure k2 [SF 1 200-2000) associated with dlear svidences of an ongoing becbonic deltrmalion {SF 2400~
2050 with tenze folding. breaking of straligaphic weitz: aed uplil of e sealbcor, The dekrmad araa
snoMRpesseE Tha whole Ling fabout 200 kenoin lepgh) and (he Bueesh shoochatd shacs Can B 1oliinsd (0
merm [han 5 ke || s ot il b simess st oo ulieer of i Lo 1ol e sbiel, sachas §emes iegeond-
wil i Sarkd e A, 1504, aned Terell ef g0, 1997, atoyplon e wikh o sEoilac shonilican] and aalive displessa-
mearl o thi scpbabom hase baen obetrved, dves in Ihe arsas wilh e Pegheck comeenteallon o
mistrumearaally racorthed saablior Sosirmeahy.

Fromn Ok, 3w D, 9 1908 the hipgl: resolunion MOCS and samphing suneey (Pig. 2 was ners
frrmaed with the ondlectian of 2700 Kim of saismic lings and 6 pravity oores W bave juse fin-
imheed the preliminary MO processing of the whole dmz ser down o the Kirchhedf 1ime
i 2 raiinn abtaining well-letolad seimmic images of the lectonic structore (Fig. 33

GEUILALY OF THE 4REA

The complexty of plate tectonics i this arca 15 shown by e prosent day diffuse paliem of
selsmicily. Morcover the histaricul seizmucity shows thot 1zunwmize o carthguakes of Jarze maz-
nilude. such as the “1755 Lishon Barthguake” {M=4.5) ocourrec in the recont past,

T “ilaraues de Pombist™ stiscture iz af Jeast SU00 K m? wide. i srikes NUSE amnd shovs ver-
tical separation of marg than 1 Km. TEis stteciute was imaged by nine MCS Jines (Fig 2 among
which Line AK %2-Th(Fig. )iy the one showing the deeper strugteral intormaten.

The zomce verhical pesoluton aboul 30 mp of the ARD2- [Hive does nar allow 1o reeoghize
frezh ruphteees and deformanans of the rydl recenn sediment tavers i froel of the gt Bty
ISP 1HN}. a5 it wakthd be the case if the faull were aclive in historical bmwes. The new BCS cur-
vey complemented wsith subbittom prafifing enbanced the vertical resaiutuen up do 3-5 medess
amd few centimeters, One of the cowes. acquired in 1he place where the (ault plane cutcrops o ez
bolom. shows clear evidence of heph-anele compressive shear, even U at this slage we cannal
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exchuds tha the shear were caused by sedimentay provess associated 1o gevitative episodes.
Frony 3 préhminary interpeetation of the rew MCS dato set we can cons lude:

ay The “largqués de Pombal Thrust” woan active leclonic sinectuce and it is the s probable
sl roe of the 1753 Lishon Eanbuuake™.

b the Revent thrusting o [ MME-SEW faults appeas 10 sule out in the apper coast aling laws
angle extensivcial Laulls, probably assimilable e the "5 meflectors” Tound mwortiwanl. alemge the
Galiers margin {Reston of o, 1996, The 'S reflectons™ are relaicd e lhe saenson leading to the
sepuration beiween lheria and the Girand Banks. The compressional roacieation appears olligue
with vespect 1 he previows exiension.

w1 We bive por detected important foldingPuliing slang e Cabo de San VinesTile O yan, ool
it slzeeling Lhe present day imensc seisinic 3coviny i this srea. Here 1he deondlerment suctace i
dewply seaed giving sun sher vnporlant constrain e rthe comnparaning of the possible niplune aea
axsocnlel] with the 1775 Lisbon Eanbquake'

[n paricolar by the fve BOS Eve: RS20 - BS24 we can ohserva the deformalion patterr asso-
claled wilh “Macgués de Pombal” siructare which evolves, poing nenthward. from a inld dheos
[ & thrws! and fimally i a fold with maximum vertical displacenent a2t 1he Groa's locanon.

DRIELING TARGETS

A lange peophysival data 521 has heen aftendy coflected in the area, BMove dila wil) be avail-
ible during the mext year, once the planned sorvers will bs completed,

The rext sten loward adesper corpeebension of the semmic and 1snnamigenic potent:al of 1he
“Wlurgués de Pombal" struciuee will be the i siae mesavemen of siress Aeld and of the physi.
cab and mechanical properties nf The rocks awrounding the fanll (Frg. 3, hiee BS2T) combined
wrth a lnmgz tertn monitaring G the seismiciy of the tectone structare. This corld be schieved by
a deilleng babe, which will aflos eithas to meqsure These guantities either to deploy 0 3 compo-
nent sernmamersr for s lang erm momitoreg. The emplaceniem of the 2eismometer in the bore-
hale will <ighifwianmly mduces the noise lavel wllowing the detection of very low magnimd
selsmic events, The mamsuvemems of the ceustal properiies around the Fault are vequired for
arnee AeUrarg rsotami moedeling. Morsever a boreliole data will Twmish the striigrophbic indor
matien Foinfer the deformaion bistory of the sinecture and allowinp o tentative evalwuion of i
Telated aeismic ang tamariienic poential,

The norhermmeaes! seismic hins BS20 (Fia. Soshows 8 lrge mendle Fold sithoo brittle break -
ape of Lhe sedimentary sequence. Basinward, the growsh of the fold s continuously recorded by
e prugressive om laps of (he (urhidiic sequetice the (U5 the low dunng the upefift of the
“Margues de Pombal’” struciure. The nzighbonng TTagues Abyssal Fliin and Hoeseshue Alwssal
Pladr {Lebreira ef s, 19473 show (kat, m ke las 21000 years, the emplacement of tichidites
vocwrs at rale af 27 trbadites 10000 ve, duting zhacial peand, and 10 wchidites 10000 v dur-
g interglacial. with average sediment rate deposition of 3 covky. Afier their sedimentation they
are successively imvolved in the defommation episwdes thus, acnng as an indivaror of the devia-
tid from howzonitality, with o mesn “borzaniality”™ sampling rate of about w1 corbiditg/ SO0,
Ribeiro (1954 estimatzd » reluiming pesicad eanging from 200 up te 1500 yars for 2vents havine
& magnittkde of abaut B 5 somparable v than of the 1755 Lisbon Eanbeseake. Thus our imdicator
of “past-boreontality” cauld Turnesh the data for o palirspasiics sieocral restoranon of Lhe
“Marqués de Pombal™ suructore, Applying this technique we will obiain o rough eviluanion ol
boad the surmbes of eelevanl up [t evems, of ther age sand amplivede and of tie past mean medion
af the siructore. Cone luding wig propose;

Oy doill hale soross the Fualt plane b recover the i s stoess Deld, the physical and mechan-
deal peapenies of thy swchs Domeling e foull plase, Inothes boelole e intemd e deplor o
J roanpenent so smomcter for leng term monitoring (Site BP0, Fig, 3,

Cne duill hale Businward of the (old (o recover 1he stealigratie infomation (Sie MP-02,
Fig )
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Challenges for fature drilling in the Western Mediterranean :
polential targets in the Alboran and South Balearic basins

Menchu Coneas
fiesdinater Anudns de Clenciay o o Fierra, CONC gt Liadversro of Sradecu, Spoin

INTRODUCTION

In the Westernmosl Aleditsranean, the late Crewceous-eFaleogene cominemal collision
between the Eurasian and Aincan olates has resulled i egioms of conples lithosphere defor-
malion from post-colisional ectomics. These refions comespond 0 (e wesemmos| ofogenic
seament of 1he Alpine beli — the Betic, Ri%, and Tell Combilleras — ol are Uwe siles where the
Albotan and South Balearic bazing were formed. Kinematic mudels for this segmenl of dee place
boundary show vacable dicecsions of eladve plie motiens since the late Cretaceous, Belween
the mud-Olipecens and .aie Miscene, Afinca ard Bwrasia gxperienced wnly aboul 20 ko ol
roughly Morth-South converzeonce, followed by abom 30 Em of Northsrest-Southeast conyer-
gence fom the latest Tortoaian (9-8 Mad w ke Poowent (g Dewey er ol ¥R Seivaslava e
2l 159595,

Current awareness of Western Meditenanean geology indicutes that Mhocene basins, oftan
desonbed w Meditertanean “back-anc bazing™, oTiginaed by Jate-orogenic axtension an U simes
of furmer crmrens constrecled due to the Cretaceons- i-Palgogens collimon. Spmaficase debate
and contoeeersial hypohesss oo the genesis of Gwst basing focus on the processes 4T caused
the Albocar and Soull Baleaic busins, behind the Cabraliar Are, and ity geonete fink with e tey-
tomic evolution of the Betie- Rif-Tell Cordilierss and the formatien of the Are, Thus, this ared is
comsidered dbwpotopesate seatiaric 10 eonduct thematic myesti gatwms un dahos phére defoemation
mechanisms thal orgiaale extensiongl basing overcoming bowndary conditiomg in regrons of Con-
tnentul-plale collizion aod convergemne.

Despite signtfcant reaaite provided by ODP Leg (6! (Comas, Zhan, Klaws of af, 1996) om
Meogenr cxtensional progesses ba e Westemmowt Moditeranean, the ongin of the Alboran
Basin, wnd particolarly i possible eelatirmship with the adiscent ooeanie South Baleans Basin
huns oot 32t bezp poomipdete |y addressad. The provesses that produced the rapid evoluiion of acol-
Fziomal pone o & hgos of 2xteema crustal stralching and adjseent conimaction, the exhomation
of deep cragiad rocks. and the westw sod Gibralar S migrakon need o be adeqeestely eaplimel.
Fuorthepmons, the weaging and oceanic-crust gensration in this peodynamic convest should be
mvestigared o order 10 constrain e campeting hypothess for the oripin of the Tabe-osc@enic
cxtension that cawsed theze basins. Therefore, thematic e tonic il y-iwienied dealling targels iasve
only been parially sccomphshed in e Westenmast Meditecranean, dnd undamental scientific
guestivng of the dynamics of Fanh's intermor in this region desarnes more eotensive o Horation
by ocean drilling.
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SCIENTIFLC BACKGROUND

The Alboran Sea und the Sooth Balesic Risin are located in the e parr af the Beric
15outhern Spaint. ad Rifaod Tedl (Moroccad chains, whivh connect through e Gilealrr St
The region as o whole ix bounded 1 ke Nawth and Sauth by the Thenan and Afican continental
frrclands, (o she Wesl by 1he Actantic {doean and by the Surdine-Balearic Rasin 1o the Bast
(Fig_ 1. inget map),

o
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Fig. 1. Bamyrmeiry o the Wosiommest Medorranoon tAdberan sed Spulh Esdearic seaz) abowing
lacatian o1 OOF §eg 163 and sechors of potental Aillng taraels (doned arcas 11090 BrikaTony Conl s
In metars, contae wlarval 300 m. Insel map: Koahon ol ike AFewan Sos batwaen the Belic and B
CoachBeras AR Adsirsn Fidoe. DB, Djibouti bank. EAB. Basl Aforan Easin HM: Habias Margin,
Ml Mazetron Matgin MS: Al Manscer Saamound. PM. Paksmares ey S8B: Soulh Alboran Basin.
YE. Yuszuf Basin. WAE: Wast Alhorar Sasin. XB: Xahuan Bank

The Albwtan Sed is aboul HN kme by 2000 Lmoand eabibits 3 complea sealloor mopholagy
with & nusimom deplh of 2 b The Albnran Ridge {180 ke in leaizthy, the most prominen!
mthstoudhwest Bnedr relief across the Sea, emenges locoily to form the small, voloaniy
Alboran Inlond, Three main seb-basing, the West, Enst snd Srasth Aldoran basins, are distine
gmshed Towud the Edsr the adjacen Sucth Balearic Basin rewches a maximum depth of 2600 m
al itz rothey 11al beasin- plaan anza, and ext=nds for moce than 306 Lm 11 5™ E menidien (Fiz. 1)

A namber ol cecent geophysion| daa provide compelling evidonee for st structure from
the sursnnding ching W the manine bosins (P, 23 The evost ching Ceem 36- 30 kmon dhe nzemal
Berics and Faf, torabout 16-14 bm berreah the centval Alboran Sca, amd v less @an 13 kmoot the
Esntoremgst Alboran Bosin A sendy W oo E dectewe in filbespbere thickness cocurs iron:
Ly ione: 33 il Giabmalizr Srrone. 10 G050 km in the Wasd Alhoran Basin aail less than 45 km toward
1he Fast, st 30 the {ranvition b the South Balearic Busin fToome 0 e, in press). Thers i noowit-
ness far rhe existence of Cenozing oceanie lwhosphare at the Betic- RiF Alboran repion. DResp
seismic raflectio dara, however, suginest the presence of cosanic orust Euct of 1° W anendian in
the Sowih Bafearic bisin, where the coostal thickness is probabby about 6 km {Comas er af., 1907,
Gallart ef ai.. 1997). Magnetic sm] grasimerry dary 3lso supgest wn oceumc-tepe oot wnds e e
South Batzanc basin-plain ares {Galdeano el af,, 19740 whick is peedected Ohgocene- dquitinian
moage {2, Mawlratt e, 19970

CIESK Worsshop Sales 03 T4

xusioer

o

]


https://ciesm.org/catalog/index.php?article=1006

I e
L2l
WGH_H'SHI‘JF O WECHTE RRANE AN SCIENTIF, QR ihs PROSPFCTIVES = Granada W12 Junp f9@0 :

W El wsw ENE
WHEST ALPCHAN LHUTH AaLidm
aa T T L frash

i~ | Ibunas el Anon Comreiol Creg s dew W 1Ty 24840 i~

P s + Fabey ad IO : wemat . Tenm ]
57 s tmens L v [ B L
BT PymchTown b | b | mud vanpaa H -

s . B P ek
B e Canyn b Currsodn %onih Egonle Brpn Hp - | A e i '

i . e 5]

Bl =rea comnama cm Im:" CroTd ik Gl | Ak FOAEL |
o ROV BN ﬂ Mhaef CILArT :_E"J Eajerpl Tares -ﬁwl:rm'-'-_l

Fig. 2. A. Schemalic bue-scple sedllon o he Gibralar Ard 1o te Sowh Baleans Besin showineg
the E-W cueial struciure of the Wieglernmsezk usdlbaracessn, B- Schematc rue-soale sachon (o divgirae
M M-5 crustal simechure of he Aleran Bagsa Hatcted whesds [ires o8 e abasan St Domeain gra axten-
Sy derachment leuts. Encwcled rumbers corespond b pobend@l doding saclars as mendoned in the
bawt, Tha mepieled crosdal Beckrsss e begad on secmecallyp-geoned fslamats of e Mobo depi_ ard 30
medcling consadanng gradily, surface Feal-Bave. and akevamon date ol from Comwyg wf s, 19059,

OOP delling {Lag 161, Comas. Zahm, Klans ef of, 199) confims the presence af coarinen.
tal crnst aied the MN-5 cominuity 4f the streiched Athoran Crustal Doradn fhe intemsa] coesplex.
es of the Berae- Rif drogen baneath the Wet Albomn Basin, The metamanic base et samngled
Al Site 96 belongs §o oais of the Alpujarede Complex croppmg oui in the Westem RBenie
Cordillery. Easl of 4 W reeridian most of the residual hishs e the entral 2wl Fasten Alaocan
bea leg. the Al Monsou: Searmount) and 12 the Western Sowh Baleanic Basin appears o he
tormed of voleanic editfices, iy revented by deedzioe and Jiving data: noiwiihstanding, the natune
af the basement ar these aostern regivns i» onkaown (Fig. 2.

l.!]:l 19 T km-thick lewer Miocene b Pleistocene il:dill'l-i:‘ﬂ[ﬂf_‘r‘ SNGQUETIVE S LU T the Wung
Alboran Basing howewer, i the Sootk and Tast Alborun basing sed Westerp Souily Baleane Basin
the sedifmonay cover may be less than 3 km dhick (Comas ef of 1992, Walls e oof.. 1993}
Messimaan oy aporite deweloped only caohe South Baleanic Basin {2alt doanes bancath the olbysaal
plaicy, thing tewardy the Nomh amd South margims and disappears in the Albocan Disin o e
W<t {Figs. 2 ond 3} The age of the pro Messimun sedimentary cover in the Eust Albovan an
Scuth Baleanc basing {(Fig. 2A70 s unknnan s thess sequences hove not yet been sauplad by
didling (Coimas. Zhan, Klaus o arl, 1996).

The sinaziune of the Atbaran and Soulh Habeano basins (Fig. 30 resulled rom superimposed
ertemional and contrictinnal lectmcy [0 the Albocan B, sxtenaon and prxgressne cohumig-
e ol the melamorphic Alboren Crusts] Deasin ook place g1 the Taiest Olizocene amd conin-
ugs W e date Miocere imom abnul 27 Ba to ahoul @ May, Generalied middle Bliocens
vih=ilhahe magoomtism rom 15 Ala o 4% ba), 35 well o5 nomble mod diapiisrom the West
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Flg 3 Teclores mas of the Wesleramaal Meddamenean {Akoran and Sofh Balearc basing) and
syrrouidng aneaa shoming eardy Meocene o Hodooene stiuciures &nd mam sadementary depocentera, Noe
ihat \he limds. af the Maccman selt diapirs i the South Balsemc Basin zsem b (it with the demrad enom-
akoes conlinardal or oceanic crust 35 shown i Feg 2. The posdian of oross-saclions im Frg. 2 & marksd;
B marks 1he change of dmechon of cross-sactkon an Fig. 24, EAB: Easl Albosan Basin.
SA0: Soulth Alboran Bese. ¥YB: Yuzsuf Basindrussid Faok. WaB: #Wesl Alioran Basin (modifed irom

LOmae B al, 1903),
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Alboran Ba-in, have resalied fiom the extensionel processes {Fig, 21 Latest Maovene amd
Pliccena-1o-Becent cooraclional econics causad 2 mape reorramizanet of e Basits, which
resulleld in penpheral ephftong and emersion. and subsequent N-5 shomening of Lthe marine reslm.
This confractive tectonics was ilse socompanted f widespread voleanism (shosburtilic and lam.-
proitic lavas and alkaline basalis), and post-Alessimian contraction lemt to resume mud-diapinsm
in the West Alhoran Bazin hill reaching e 20 Ao ar pegsent iComEs oF of ., 1999, and refer
enCes thereing.

BAajuw-Taull systenns deterime the morphbalozy of e Soulh Balearic margins (sazamion,
Falvmweres and Habibus mewrgins fioen the Tomonymovs fault-sysiemsi. and D e limil
Trerween he Albacan amkl Sowdy Balewrde basis (Figs 1 oamd 33 Flanking e Mowthemn Souwdl
Enlearic sareirms, soleanic rocks of wndocown mature Moo oo seelomarine [ghs cwnle
hiah-amplitsbe magnelic anomalies} bordeing of withic ke predicied veeanic crust. Present-
day seismicivy i the Habibas Margin (Habifgs faull svsgind shonws o Damspiessive degiral Kine-
magics For Fawles then Jimen b ovesume <tust on the Afrecan macgin These Dy siusigs we
ez istend witdy U lare Mo pe-1o-Fresem, plage kineraalivs, and ue Fraspb 15 eeol w2 preseit-
duy crusial Dol es

The Altioran and South Balearic bagsing ane considersd a5 originaed by exiengion at the site
at & [ormer eollisionat orogen pow epresenied by the exdended Fagments of the Enlemal Zones
of the Belic. Rif awd Tell mawntaib chaims, As Tar as the extensioral origin of the Alboram Basin
g cotceroed, the hypothesss currendy most widely debated bave emphasized the “rollback™ of 2
coval subduction zones heneath he Albnran reginm (2.2, Royden, 19803 Lonersan znd Whiee,
9970, the conrred ive renpoval of 3 cool and dense lithosphers roob (2.2, Platt and Vissers, | 999,
ol a delarination (peeling off of the hthosphenc mantle from beneath the crust (e, Docherthy
and Buanda, 1995: Comas, Zahn, Klaes er gl 1990 Seber of af, 199 a5 altemnative processes
responsible for the emension. Cogent evidenge trom bazsemend rocks al ODP Site 976 High
fFig ) favors madels that inevoke removal of the comtisenta: lithosphere martle bensalh the
Albaoran Cruscal Dvdnain a% the diiving force & extension enecaiing ihe Alboran Basit (Comas
&, 1999 Plai er of ., 1999, The sirong BW asytumetry of the mode of lichosphere ¢stension
is consistent willi the extensional westwsard itanspen of the Alboran Crwstal Domain, in the con-
tent of 2 Wea Jirgcred removal - asyrmielric deewchme e oF the subcoustal lithospheric mantle
ducing the bMicese (Torng & &, Tn pressh, Furtheomsore, 4 genetic relationship between flee ini-
oal soretching of the Albozan Crustal Damain wed the openinne of the Sowith Baleardc Basin <un be
suppested from new geophysical dala

POTENTIAL DRILLING TARGETS

Becent chavelopments of broad impact in the geology of the Westepnmnst kedivers anean, and
odvarres bosed on QD carzs i the Alboran Basin (Comoas oF af,, 19900, prove tha fitmber and
ibreper dnlling is the wely means of addressing fundamentil BEonh processes that caeped post
collsienol htbosphere defermabtion at this segment of convergent- plate boundiry, Despopenetrinian
JOTDES Resclation-iype dolling and riser drlhing into tectonic exposutes of the exhomed meati-
morphie forranes. ntracontinendal and incsccsanic wolcanic rocks, and adjacest wwoecus base-
ment — Lhe oozanic crast — will be mecessary o leam abool major \ectome evenls alona the
porss-collisional Ristory.

Uhrse sectors, invedving W-E rdnsects of dnli sies from the West Albordn Basie 1o Lhe Sauth
Balcaric Basmn, are envisiged as potenlid mrgets boc possible deillingy poopusals mo e
Weslermmost Meaditemranean (Fgs. | and 24). A cnmplete plan e dnlling i the thee s=ciors can
be sugrested as Follows:

+ Sector | - two deep-dnill sites iq yeeld 3 commele ooring of tbe early Migcene () wr Regent sed-
imentary cover in the West Alboran Basin, and for further penetrating in “hectomn sindows of
the exhumed “orogenic” hassment;

+ Recunr 2 0 a transeck of drill sites, with deep penetration, #o sample shallow nccumences of vol-
canic rreks within the exiremely thinned continental cnist, or @nomaloos crusl, i the transiion
hetwern the Fast AlThoran and the Soaih Raleance Dasin,

Tr CIESM Wirkshigp Serds nte
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* Bector 503 and 3AY o oeansect oF deep v relutively shallow dok sites o sample the coeanic
crust and the tiraoceanes vokani fidges O the South- Baleane Basin.

A deep-dnkl mite {for samphing the wedimenlary cover ol Sector | (Figs. | and 24) 10 cntical
1 nrgder v comstesin The g of lithoephere sheching aad formplete — tectome and thermal —
sihsidenee hastary of the cennnental margin - the Alboran Bazin, Euvthermon:, theie :hould be
nkeresting qu=stiors wilhin these sedoiments ar the tield of fuid Bow and veseng (uid vompas
sifione, fus mtes. macrohial geobyey) camy fona depth e the <eallooe: amceg others, the natare
aned arigin of largergeale oud dzapars and med voleamoes octurmed woextensional werse com-
pressional setine Dwlling anc sompling deeper metamorphic mcks in the basement | ko compla e
Srte W76 neculis} will provide fondameenial dateon exlwimed vates froe desp couma Bavels, incon-
trolling eecteric-uplifl, on uid chemcsery, and o rhe th2rmal aml strun historiss of the *ore
penic™ nerrime rthralgh e eslensien,

Dolhing resulls from prential siles in Secwrs 3 and 3 (hgs ©oamd 255 will probably
apen innavalive perspectives bw mvestizaneng o the conbinenial litkosphere behave in
past=colhsiomil conversent selngs, asd mager wolene events tha inliale and end cxtremely
hegh magma producteon caes avd coeanic basemend growth, Post-collisional processes thal have
samscd lithosphers stretching, contimental bresi-upy 2w Gpening of ocedt bazms wyercoming the
“contimental suture” remain acvmg the lezst understeod problems iz Eanh science. Sampling by
mean: i a series of hides extending from the vobcanic rocks 19 the igneous basement (inmnigive
vl extrusived i crizical lr condust geochronodugal, petiobogizgl and geochenacal {:somopi: &ig-
Fatures and rrace ¢ lamems) studies than docwment ages, mazmatie Sgeares and distribution of
Use rraumate prisducts. The removal of the conlinertal lithosphere mantle beneath the foanner
oroget, and 15 interaction wich the astenosphere apwelling (a5 thaught from a lecionc mods|
proposed for fhe regiend, shoald bave resilied i a compleX maamans bisirr (w2, thennol and
waerial axchanges. mas Moxes awd daplenen of fluids, crustal metascmmatsm and melling ) that
vilty b vackoed by dothing siRizgies. Thos, i will make possible te vidwlate geoshivsical ard geo-
chermical models bar tec e crndiigns [eading 0 extme lithosphere sirgiching m convergend
gexlynanmie setiings,

e Gther hand, it iz inpoetant oo siress Ot direst 1ong 1eem obgervations 2t dell siws oeac
saztive mmap coustitl-faull systems {02« neir Muazirron end Palemanes tualis m the |benian mar
amn. ard Habibas faull in the Argelizn manging Fig. 23 will 2l mes-oremnents of coptemporary
crewversence cates ad will comsoeain saeain zngd crustal defarmeion i response 10 ve present.-
iy cofverpenee Besale:, momtoring doll-siex in these seismogenic #anes can help 1o evaluaie
seizimac hozard in the Wesiernmos: Bledmeranean by studying the earthquake cycle, amd s
owcleion snd distribotion-depth within the comvergenm plaie boundas,.

Lrillcng al this patt of the Blediemanean should 250 improve lansd-sca integrabon and <an
incrense [he inlerest drom interdisciplnary shore-based sciznifals in ooean dolling vBallenges,
FPositive co-aperalicns berweaen orne-going researcl projects e progress is providing o probudeol
eenlogical amd geophyiical Reld amd aaalyucal data-so0 oo folfil strawegic purposss, and sie sar-
vey requiremenis, W aupport joture dolling proposil mthe Westermmost Mediteranean baging
tward 1he Scientilic kean 1rilling Phase 1V, curmently dubbed the “integzrated Coean Diilling
Froesatee” (100F).
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Subsurface siructuring
of the Eastern Mediterranean Tunislan basins

Mourad Bedic

Laberaeoire de Georassoicroes, faring Nattonal de Reclerche Sciemtifique of Tochaigee,
Fheprremeg Lif Taeeciiee

ABSTRALT

TEe Bastern margin of Tunisia v boonded by the Mediterrancan Sea and composes e zotf
of Hanunamal to the Monh and the gull of Cabés o the South. 1L confinues to the East by the
Pelagiar Sea. Weseern onshore pard of Llhs margin is represented by the Cap Bon Peninsula ke vhe
Memh and the Sahel platfonm toohe Seuth, Tnoahe oaskors regions Mesozoic and Cenorog sedi-
MEALEY SEres a0 poorly cooapang ouL The wain peolozie investiganon: e baed on parrgle-
am well and reflection szismic data. Geologie and geoptyse siudees carri=d con on thes maegin
by Tlniversitiss and peirglenm spoietes since the 190% by sewsmic sorativaphy, w@opach and
renhron swuctend mapping of Mesosots and Cenozoic horizons reveal wew rexull copceing
e weanic and the basin srruciviing amd the seqeence siraligrrphic infilling. These resulls show
2 b b strucioee (rameswork charssierised by deepeseared ower suiciore seiks-slip fault cor-
Tdors irending Easi-West and MortheSooth, These (aulos disinbone the Mesamoie and Cemornls
sedimentany ¢over according o space-ime basin orgunizationo of platfomme:. grbens, nm Sy -
vlimas, [olds aml synelines, along the major siike-slip fawlt comidors akaline imrusive and
eXTrEEYE Magntanis racks encountered in the petroleum wells accompanied the Gunstensive sml
wanapressive faohl reactivations since the Triassic wntl e Miocene. Triassic salt diupicism
appears in she weestem part of the Sahel area whereas clay intrusive: sad diapirs charactenize 1he
thivk Mengene depositg In the casiern and nedhern Mfahoe zonex, A eotative of basin model-
g 13 2hees dimensiens peermmils 1o visuadie: e ielaismship betveen Roalds o ikt stucLuees.
At suocdures Liad beew Dig il Dy seizimiv obtim and some sorface conigelbs. desp Jriclicg
progecls mnsuch comes can belp orvscozinee aud dizeoves these o res foe seaentile and sxe-
Mrmic inleress,

B RO UCTION

Tunizia constitutes: the esstern proloneaton of (e Maghrebian Atlas fold belt. The sty el
woils of the Toundsrat coundry are composed by the Norh, Cenieal and Meridiorl Atlas fold belis
clobally dicecied norbeastern soumhwesiert, The Allas fold bell i limiled i the South by (ke
Sl an plasionte, Wheress 10 The Bt e Atlas donwin continess by the Sahelian oriental plat-
form and the Pelagian sea. ¢Fig, 1), The Easters margin comprises the Cap Bon Peninsula ard
the gull of Harnamel (9 e Morth ancd the Sahel ansa and the Pelagian Seatothe center and the
£Ulf of Gabés 1o the Sowh The marine bathymelry is varying from the Tumsian casiem sulfs of
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Hammamet and Gabés (o the Sicilian-Tumsian moagh from ofly © oo buodred oevsrs. The
Eas-Verr Kerkennah islands Tizh plaifoon fimite the 1wo Tunisiar gulfs with a low ate of
buthy meiry panging tom twn 10 [Ty meters, The Gareer of s presenanion is 10 propose o 5yn-
thesis of the seclomcal and the meophysical chargeriztics rom e onshae w o che ofshon
Mediterranean casterm margin basins of Tumesia in terms of stratbigraphic wnits and sowciores
dcerrdine the resulls of field ceolopy. eravimetry. aeatharmy, seiiic amd diagraphic petralzum
well dana.

LITHOSTRATIG Ba PRI UNITS

The poor peclogie outerops in the eastem plattorm of Tumsia conduct to oee the peloaleum
weer|] data b westigale the lithostratigraphie Formagions. The several wells coned in the onshone
amd offahore blocs im thix wrea had pennrsd w cecogeies me Mesoaobe and Crnaszone Tits-
trabgraphic Pormation= keawn in the ratcoops of the intetioc Atlassic fold belrs

Eichewsiralizeapdie: Mesoeoie Formaimns e composed by thousands < melers o deposits dis-
rrabuted from Priaseid W Albian. ALl base, Triazsac sames are cormnposed by deliaic sandstones,
clays, dolomues:, sall and svaporites with biddle o Lppsr Trassic basaloe beds {Laacidb-
Cruazaz M, [9%4) Jurassic sequences consisl om shalliw io deep marine plaitoinn depusils o
marls, timestones and doloimizes comprizing 0 seme offshore wells Middle 1o Upper Jurassic
basali. Lower Credacecus deposils are charactznzed o the Souih by dellaic shallow manne plal-
form deposits of sanditones, clavs, dolematzs and evapociies and varyng Laterally o the Narth
by decpuea fan carborales arnd sandstomne torbadines (3l e o, D99 Songuen ¢ o, 19970
Albian o Aptian series epresents recial limestone pladorm and black shale deposiig with
infgrieded alcaling magmaiic rocks | Laaridni<uazzaa, [9%4).

Upper Cretaceous wies ane composed by several bondreds of meters of an al remostion of pla-
bomy o deep-martne marls and carhonates wiiy Black shales and reefs ectending frome the
Cenopanian o e Magsiachlizn, Cergrmaniam and Semwnian deposils show inhe onshore and
affchor: wellz volvanic dlcalige explozive rocks Terian depasilc are tepsezerted hy Palenoans
marls, Brene platfsm cartasnatzs. ceap- manne macls and Blick shales, Clipeceng delraic and
Fuvaal sandstones succesd to Freens depuwits, Palmwens 1o Focene sanes ane inlercalated hy
soleanic alealime magmatic avplosve mocks. kliocene depoaits extending from Anumanian 1o
Measinign crrpeise deep marine o thick d=ltic serie: marked by an atiermatinn of marls. plal-
Eovem carbonates and clay packages with sanderone furhidies, Budigalian to Tanghian seres ane
inkerheded i some nffichore wells by basalnie tocks. To the offshose batins Phocess denncits are
characterired by an aliemanor of thick desp manne marls and <oendstone obicdites b oueo)s
in the Cap Ban region. Chialermary Pleietncene and Holncene Tidoral sanodseromes and Cannmeml
Tedd hefs and cafiches averly 1he ancient senes

Severaf recemt seguency ad seimnie Adeatgrapdoe wotks [ Teen caunigad vun o cliossalisnd =
chiart of sequernce deposiis of he Mesosodc Troosic {Perleings er of, 1993, Swusat of ud . 19,
Bédir., 19950 Jurassic (Soussi ef of, 19910 Bedin 1995), Barty Crolceous (Saachi o o, 1994
Souguet ee gis, 197, Ben Yowssef, 1999, Upner Cretaceees | Bédic, 1995 Ben Youwel, 1999
amnl Cempcte {Bédin, 1995, Bédir er wf, 1990, Béaly er of, 19950 vtcrup amd sobnurice sedi-
naeriary sericy df e centre] Wocastem Allassic margio oF T,

BASKY STREUCTURING AND TECTUNIC STYLLE

Geolegic sucface and subsacface dala by Bouguer and residual sravimetry {Midassi, 1982
Haller, 1983), and reflection und refraction seisoud mvesticatiens (Buness «r of 0 1992 Bédar,
IF5] have highlighted the stnectucat Framewock of the eastern onshore and offshore ceriuns.
This dramain is characienzed by deep structaral discontiruriies, arented Horh-South, East-West
and korthwestem-Southeastem comesponding o & deep-seatled Mower fault comdocs | Hédir,
1958 Ben Ferjam af of, 19%E Bédir, 19953 (Fig. 1). Toe Mohotovilch: discontinuity depthoeve-
lutes [rom Soulbweslern Tomisia o the Borth and the Mortheasiem Sehelae and Pelagan sea
from forly o twenty kalometers al the longimude of the Pactellans and Linogs volcan: islands
{Bunesy 20 af, 1992} The Mobo rising iothe norheasiem margin can expluin the impoant mag-
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Mt acyily in diese sones B e Triassic v e Quanetmary times and the high geathermal
tales encountored wtbe petrolenm wells | Ben Dhiz, 1987 The echonic movements of fault cor-
ndurs gumle the busin and pladore bhake stece e Mesozoi 1imes scoontding o sirnike-shp
Iranstensive aml Liepressive bineatics € Bédit o . | 9920 G4din, 1995; Bedin eral, 19960 e
carlicr besvaniy displacenmmeat ol thiese Taalts bas creaned 3 n2ae of ieade and oolaice fay It cod-
richers, ehomboedim) blecks, subsiding graben;: and mors Righ piadoms (Big. 15 Vhe Bdeed bt
basilers ol v blocks had been progressively folded a0 Upper Cretacenus and Pileapene Abyine
erageny And et akad Dusternaey Atlasue compeesstons | Bédin, 19951 They repeesent the
aCloal Alagzais [l of e Cap Boa. Lhe Sahel and the easteim offshore 2omes. The decpening
ther przoocnae aclivily of the Masier fsins are @50 tarked by ke magmatic rocks encounmeed
m he petroteam wells sinee the Triaseic |(Laardhi-Owazes, W94 Lassidhe amd Bedr, 1957}
Triassic halokivetc movements and salt mtusives characiecize the onshers Atlassic Fald sirsc-
L alimig the srike-slip Faplcormidors tHaller, 1983; Bedit, 19582 and Bedir. (9951, 1he balok-
RESIE MOVETRETIS Degan eihee smcs the Jurassic i the Tirndsian &ilassie duman (Bedin 1995:
Boakadi er Bedw, 1995). They have bren reactivaled by the ranstensive and ranspressive faulo
plays during the Theiyan, Mesagean ard Ohgo-Miacene nitarg and the Alpine and Adlassiz com-
pressieens. I the olher hard, claysinesis and ntrosives oscwmed inthe thick ofisbore deltaic and
webidinic Miocess amd Phiocene deposits along the siiikeslip laolt comdors (Bédir ef 2l 1996:
Bédir of af.. 19998

CHNCLUSIONS AND PROSFELLIVES

The egstecn marpin of Tumsia known along 1wmes as o dmpls passive margin is in far an
active transform margin affecred by Tragsfer Master flower faults that had Bean blocked and
avorted slong rhe Mesnrorr g Cenozoic siages (Bédir e al, 1992 Rédin 1995 Laaridh-
Chzan et Bédir, 1997) The Medwermanean offshore evargin of Tunisia 15 krown by s sevesal
il frelds extemding from the Juzassic o the Moo series aleng a classic structove of Tighs of
platfearn ancd Folds, This is due prodsebly 10 the weldl matoration of Mesneole and Cenozoic black
shakes by the existence of 2 igh gecthemnal giadieot {Ben Dhia. 1987 and mazmatic activicy in
there romes. Recent subminface gecsiynimics siudies of sedimentary basing o tbis area reveals a
new mneXploved subsurface structuces of sarke-slip fower fault grabens, rim synclives and block
barders with wiuence depositz infilling and distribution macked by turbadites. pinch outs and
sedimentary anconlomaines. The Gne-¢pace magmatic muzraiion slong Faall coddors i soeval
with bagin migralion, blawk shale mawraton mechanisoms and Neogene mud Jiapiism and iniru
s1res with hydrothermial andfor by drse-wbon Nuads. The Trjwsic facies chanoes 10 the Eust wher:
the halokinetic stuctares disappear and the nauce of the basement ore muny scicafic problem-
wick thal are drscorssed now n Tumsia ond con offer a new proposal of deep Jrlling prozomme
in integration with simlar problematic- of other [imirophe Medileronean countnes.
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The Rlack Sea : strocture, evolution and sedimentology

Mustala Ergiin and Gunay Cifel

D Dinev Dreparimcnt of Geepdtvalos, Bopmont-fzmiy, Turkey

INTRODUCTLON

The Elack Sca is ove of the world™s larmest marginal ses having anesis conditions helaw 8O-
120 m, with an acea of about 432 000 km? and 2 volomne of 3239 000 kan® {Fig. 1y The Black Seu
it craneccked 1o the Meditemanean Sea via the Scicof Marmaes and il shallow Bosphoray and
Dardanelles steaits. Tle Black Sea s a large margingd sea ocstad within o complex fotded ©hian
of the Alping syatem, represented By the Dalkanides-Pontides Selr o e South, and By the
Caucasus sl Cnmea Wiountiun: 16 the Nonl and Hosthwest. Twe basins ccalesced lale in fweir
Pos-nif plases in the Pliocent, Fomwing the present single depocente. The nueuntain- boikding
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processes and thewr subsequent ¢rosion arokmd the basan have canibuied 1o lngh sediment jnput
Seasanz: sudies indicale a L5 ke thick Dlasket of sediments wieh unususily kvw sevimne veloc -
o {3000 k) that reach praleritdally bick to the Barly Cretaceaus 1130- 110 Mad, It was tound
from e inzermeuarion of seisnic ceflection data that is quite evident thad te lower part of the
souttwrmn mdrgin uf Black Sea basin peneraily preserves the esengive weetonics ausaciated with
the il processes thal penerated Lbe Black Sea, Frequently the compressive defomiation was
iuperimpseed o preseaising disiensive faolts, which commenced theic sctiviy i the Hpper
Cretavceons ol e end ol die Mesoeci and contdireed nio Qe Paleocens. The aplift and suk-
sidence desovibed @5 an axensive phesoneson iaccable w regronal lwoonies of the Tethys belr
{5ongor amd Yiltmae, FHED The mechaniem of Owe emense subcidemsce of the Black 523 basin
tas giver way b the deposition o the thick sedimentary sequence The sioee subsidense of 1he
Glack Sca basin i3 mainly Jue o msostabc adjustmes of de cius i esponse W the thick segi-
rentary cover {0 the ndem contineetal slope the uppeer Tuizons of (e Quialernary depasins
oot i conformily with the sea floor Whese the sieep slope i forued by rocks of e anuouslic
Basenienl, numerus scarps-conpected R mupinre Jslociions-occur, They have fresly walls
indicating veey young movemens. Those data clearly medicate thit subsidence gy boen aclive
reegably and chat the bazm 15 bl actively subsiding (Ross e af.. 1978; Belvwsin er of, 1U85:
Fincel of gf | 1998,

TECTONIC FRAMEWORK OF THE BLACK SFEA

The Black Sea compenses two exiensional basins formad in 4 back-are ssi'ng above ihe north-
ward subsducting Fethys Deean. close te the southern margin of Burasia ¢Fig 2. According toile
Mot modem wiews arel consistznt withdhe geologicalfgeoplivical evidemees, the deep Black Sea
b= do sk sheoow 4 pranitic” Layer, bt g lower erust with abod 6.8 kmts seismic velocity, indi
canng ceeanic wpe (Fig, 3, Doserving and analyzing the exiensional 1eclomcs of the Black Sex
and the of the Mid-Black Sea ndge. it is possible (o show thal this regaon was affecied by two
civitin fng phases (Mdele Jurassic and the upper part of the Lower Cretaceons), Dusing vie Las
godyowmic process, the apening of deep Black Sez wook place as @ conseguerce of the torma-
om0l twa back-arc basing behind the Wen and Easr-Ponudes. The Western Bleck Sea busio
ervulved b e stage of complete crustal openng with a basaltc Basement gelling progressivety
yuunger from Month to South. adbe same time. the Exemn Blsck Sea basin evel ved tohe S
of w very thin continenial crust afiecied by nutoerous st Faulis and blogk-tiling.

4 -, . UKRAINE f__},.-/_’q'l
1 l-l'll:llﬁl..\'l.-l.}' 1: 'EJ\S"F —l | B Frrman
. .'_-:‘!l:--_ P ;"-'_‘t;g-\.:_di ) -"-'_.b' B JklsLLECEEE; Mesl
H ."I s G"\,_ - o - ‘j Bmame o
,:. r-’_ JUJ - -\-_,Ll"-: e — T — Iil-'\:-w-q--l-lw-li
L_..- — - ':H.\. ’/lr el Fldm ] P
R T 7 S P et
RO RHIL : - - ‘“:I P - 2( L T —
g o [ et
[~ I P L. : T
T} AUEa1A
T, .
BRI A AdA r“"rr

‘-"—h-*"’f

“?\f |

N T =
. (=P {11 1P

Fig . Genaral decionic ramevork of the Black Sea and the geolygesal proviness 'West and Easl Black
Sea basing: Mid-Black Sea ridpe).
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Fey. 3. Sacdgpcal crezs~aacdlons of b Black Sea daduchad ram b Sgmic Sala fheam Fe2td o &0,
1984).

Alhoupgh the Black Sea ic todae a single depocenire, deep ceflactinn seisimic stadies hove
stucwen 1hat 1 compnses toen mapar extensaenal basing, probably of different ages, separatad by a
conrplex NW-SE rending high block (the Mid-Black Sea High' and flanked by olher extenvion-
al high blocks uch ag the Shatsky Ridae. The Western Black Sea npened by the separation of the
Wesdern and Canlral Pootde conrinental steip fom the Moesian Flatform and Ode s:a shel £ moy-
ing herwean two major framsform fanlts, The transfom on the southwest manam e conpesioral,
s i1 hae sinee been cverridien by cvenpressive sinictures. The Easem Black Sed opened between
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Fig 4. Chroroskabograghy ©f e Black Faa [Finelh e of, 1988),

the Shatsky Ridgs and the Mil-Black Sea Hish by rotanon abaut a pale West of Cremea, [ts
southeast marpin has been obscurad by the Eastern Pontiks thruse beld,

‘1he deep Easdemn and Western Black Seq basin are marked with vwea elanyated Bomgmet 2rav-
ity snomalics regching wp to 190- 180 mGa] dusing comection densive of 267 pfom™, The lovat
varkudions 1o the Iree-ar anomzhies generally divided inko swo calzgories 1) whers the anomaly
vartations accord with the variztions inwapogeaphy aml subbuuom eopography, i} where (hey da
nod accord (Ross ef o, [%T8). The Western Black 322 basin is thought to be flosred by oceanic
crusl, and the Ezglern Black Sea 1» highly thinned, passibly oveamc. The foontal folds of the
Temiary compeesiive deformition lie in mos areus chose 1o ibe present coaseling. The Black $ea
region has 2 [omg and complet history determined by its pasition abgve 3 subdision zome o
which the Tethvan Qcean was being eopsumed ner baards. probably froe Labe Trizesic time 10
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ity Fimal closure in the mid-Tertiry The back siee was subjected 10 allemnaling £ R s 2 ook-
prresasian, the preserd Black Sea beny the result of e Tutest phase of exiension (Mid-Cretaceosus
e Focenet, pwutiliad by the ensuane aod Tnal phase of eomtpression. Thes historyr bas resulied in
A widde vanely of strustoral Al sedireemary envivonments and Tacies, and alvo in wideswed and
repieabad sarleanism,

Western Black Sea ol Basicin Black Sea basins are separaled by a proamns et regreoal ridac
of NW-SE vl {hdnls Blavck Sea i ge panaede wp of bwa posilive featwms named Andraaan, and
Arkbanoel-ky ridees. Thes sioctme 5 vory imponiant for the understanding of the Black Soaa
apening hecanse 1L preserees the old rifi-tectonice produced when the s was paoduced. The
extensive defonation i here @l comploely non-contirunavd by specessive comprossine
meoverieenls. 1L a0 dmpeoriant becasc il s possible b obsorye the complete sersmic sivaligra
pl-y from the Quatcmary duwn to the acowstic basement atiribatzble 1w the geclogic batement
(Fims. 5 and 61 The bird- Black Scais alvn impontant because i1 alowe: g companigon sith the dif-
ferent canditions with regard 1 their lawer sedimeniary Tayers, types of bagement and stages of
crustat opeming, The scutheasom pant of Mid-Black Sea ridae (Arkhongeleky) loalty shows a
maderate compressive definmation comecied with the orogenic muvements o the Pontides.
Dwilling on the Arkhungelsky idgs (afshore pan of Sarsun) atwoer depibs arvomed 300 m
can give mfermat-on down o B Ceelaceau:.

Fe. 5. Seemic seclion [SE 10 N dirgcaany ovar 1ha Addnessos woge (TRACKYER tkda).

SEDIMENTARY SERCENCE

The huge suhsidence of the twir ceep Black Sea busin 15 mainly dus b is0stanic adjoame 1o
the thick scedimentany deposition 1Desens e @, [ 2830 I the Ewstern basin an inrpottand contn-
hotion to the subsidence was al=o (he thrusting. especially of e Exsl-Ponlides, whsre tee coll-
sinm ot the Avabic plate has deeply dofomed the arca with 2 strong restriclion of the omgmal
wider Palewcens basin,

Baain (il consmists of very thick masly due do Eocene ssdwments wath tces than 5 reflacion
time in two deep basing, and more Than 3 # in the Foredeep of the Balkomides (Finetf of cef., 1952
A hick Dhizocene lollows wil's vioee than 2 = in the turo biasns Mioeane is more than 1.6 5 in
the 'W-basin and more than 2 & in the caxtern. Ths is explained by the Mo intens aciivny of

] | 512 5M Werishop Seilleq n™E
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Fla. &. Seismic soclien (SW 10 NE dirodlon) shossng (Fe Arkhangelsky ridgs (from Manatt of af. TS54).

Mircens times mthe surroending aess of the Eattemn basin (Caucams, Fast.Pantides), Plivceans
amd Chualernary are charsceerized by e thick Canche fan deposiion in the Western Flack Sea
basin.

Chromastratsgraphic position of scismie lasizen: {Fig 41 vas gaen by Ficali ev ol (1988),
An acouitic bascment {horion "Z7) i much mare allected by dieecsive Gaull tun warizon
K" Between "K" and "Z7 exdsty @ Mesokoic havieg o ddckoess varioble from 04 womeee R
Ld 5 dabgur 306 ro 2B mt. There are evidences thar many Gulls commenced in naaddle-howe
part af e reflecting Mesoroic mterval and ecased ther activie much before the end of
Cretaveans, Beparded im ils totality, the Mid-Black Sea ridge shows twa fans affected by liswric
Fauls, which conmsetl the Featore to tao basing having different crustal charackeristics. 1n the
Western Black Seu basin intenal “EZ7 {Mesozoic) becomss progressivel v thisner to missing. In
e decp Western Black Sea basin horizen "E° correspomils, or W is very close o the acousic
duvserment wiod is atiributable W the top basaltic basercent. In the Easiern Block Sea bosin, i
bruserent (27 1 everywhers covered by o Mesoroic (itferval “KZ™) of varying thockness, bt
will seisawsimngraphic churacteristies simila to these of the Mank of the Mid-Binck Scandge.
The Southeastern part of Mid-Black Sea ridge locally shows o moderate compressive defonma-
ren connedted with the crogenic movemams of e Pomtiles,

Sedimen biwch stripping wwd corvections tur isostatic compensalion (Legans & ol 1983
stvw that the Bluck Sea proper originied &s 2 marginal basim i the Lipper £ retaceons { Lemocey
eral., [#77; Sangor und Yilmas, 1958 The basin has been under Z2oing niere - less COninweUs
sedimentation and ecronic subsidence, The mierval sedimentation rate varied hetween 00,14 b
mfka for 1he period 52007 Ma. bat pvyeased sharply w202 13 mefka stating in the Cromenan,
when [scosinine nesgavinrey deposition ard epissdic slumping set in. During 1he past 20 ka, the
Seddinermanion e Lins been contcolled primanly by climane chenges (Paluska and Degens, 1%7%)
amb fe: dapaet of man, Duomg e peak Weschel loe age, tates were chacaoerinically low
bectse 4l the wicle sueil covernge ol we sheets and permaimst in 2 pedued drainage aved, Feoom
ES b 7 ki Defie premen, (e wivs i rinpid increass i sedimentation rete a5 a resalt of deglacia.
e and angen e e l2une o dhetn il matzral. Tromn thene on o aboun 2 ka before prosenL, o s v
aged apord e, vaaly o e wgadn iy o conzeguenoe of B activices of an, capecially v
debuorgstation wnad Lioml use, Albrough e iz exncessive supply o iecrigenons sedioe o (gacne]
190 malien wnes Ten oo} me Blick Sea. pelagic sedimentation plays e aajos obe i e
decp basin Those sedmsil= are rl an caleee and ocganic carbon, Qe Later showing a Righ
dbzgrig of presentution due 4o anosia mowaters below 1 150 m 1 Bzdar and Crgon, 1517}

ECONOMICAL MOTENTIAL OF THE ELACK SEA AND RIECENST STUDIES

Fecent sidies i marine 2eclozy indicawe potential peo-cesounce in the Black Ses. Burial his-
tory muddelling and sowrce Kitelen aspping indicae thal the i l-prone source roch of most prob-
ahly Late Lovene dge, it comendy reneralicg sidh ol and gas in the post-ritl basin The Bk
Spa Iy boedered by 140 of the world's oldest petrobeom provieces © i the Noctheast, the Indalo-
Kukan basm, e the northern toreland basim 10 the Greater Cagcgsws, and t0 the Morthwest, the
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Fastem Cireater Carpalhians and theit frveland, the Moesian Platformo. There are alio small com-
pressional soruziures oif the nonthern Turkish coasy related 10 the Pontide deformation, the-e may
includle Bowcene turbidite rescrvoirs. These estensiond fawlt blocks of the Andisow Ridze (hid-
Biack Sex High) are seen ag having ‘he best polentia Eor large Twdrocartion wvolomes, but o 22

m f water IFiz. 51, Explorationg are uderwiy and some drilling siles Tave been determined and
shall he drlled during the very near future.

11 e expanding heydvoscan bon exploralion amd preduction indosiries of e regiot ane 10 oper-
wies Lafely en the dread Mromm ceedians se<ps mwst be properly assessed, In dhe degp basin foud
vobciing eruplions are cenainly forned by breakdown of mcthane hydeote on buge sl
Tuwriailives Ace oo (eatores of the Black $ea. The sowrce of coeigy required 1o trggor e
Bidite [Tows is urkanesn. b dares poseilie agems are et posduction and sathgoahes. botn
o weliiclcan lead by sedzoend mstability awd slope Mailure and overstecpening ol ik Foonts.

Some manne gecphycteal survelrs bave been camied ool in the Black Sea wging stab2-o0-ar
techndazy 19 produce sonar and gh-resolulion maps, Since 199 (he Black Sea hax been nives.
faed b the sroup fomed around the UNESCDATREDM AT Training-Through-Research progunn.
Warks were carted o the sabjents of ;

- e lremisory of oegenic mater in sediments and ocks of the Black Sea;

- the Elack Sea wud volcaiism wiigin, geachcimiteny amd compssitham i nisd brocea:
« naeuwe of aemisiic anomralies on seismic amd soncal records,

- gases and pas hvdratzs i ihe Black Sea;

- stability and geohazard problems nn the contnenial dope e

The depositicnal recoed in the Black Sz sediments 15 complicated but containg choes for
wnéerstanding ihe cimatic and goologizal history of the seroonding region. The key issues aboul
e Black Sca sedwmemts covalve aveund cstoblishang the acewrnulmion chrenolegy and the
“plufiy layer” transwion from pasticles serdling through the wates cobumn 1o those pemmanently
buricd in the sediments. The preservation of organe cabon in the seduments s pocwly unded-
stomd,

The Blac), S0 is one of the tichest wales having irmensnce ydrate securmubaricng. Methane
+eeps ke 3 coarrann feal e around the Black Sea basin, snd mad volcaones have been wlenntied
Fia. T 1L bas been suggested thal shell and slope sedimetils of huigh deposition rate are metkine
sources, wheeeas 1he deep bogin is methane sink. Methane is geclugicatly {and ecomemicalky]
important Ear three reasons, First, it is postulaled that methane praduchon amd magration n sed-
iments may be one vaose of massive slope tailures, second, methane see v iy 1hdicals the pres-
ence at deplh of hydvocacbon reserveing. and third, swcthane hydrate iy B2 0 iMpedtant snance
of energy in its own right.

Dheepesea mwd virbeprigm i known from many different perls and tectonic seltings from ad
aver the world. These feuluees dire inmitant, bac anse they cam prey ide wnigue. infarmation shou
the deeper paalogical structures and livhilogies and, through the stody of the cenipazition and age
of the azencinted yas and traces of hydmcarbans, my e somce rocks and gencheniical condicons
at depth The known Black Ses mud voleannes e randemly distrilated af depths below 2 kmn
an area of dhout 65-km' South of ihe Crimean Fennsuli, They cemerally have o mushooudn or
cone-bke shape with diameeters vaeving trom | to aboot 3 km oand nse 20- 1300y above the sur-
rounding, relatively Mat seafloor The venceal pact of the Black Sea, whers the mod voleames ane
sifunteel struciurally beloogs U the West Blwk Sen wnhbasin. 1L undedain by suboceienic crust
&net cont1ins a sedvmentare bewsin-Gl1 o o aT 1he beee ment of upote 15 km thick. The sedimen-
tary lavers are alowst horzandad m e greaer pam of the subbasin: bt io G muad wibeane ares
ihey Iocally infloenced by lowe amplinede fofds, flexses and normal faults. The ewd vobeano
faeder channels. which may onginae in the Wick Mailopizn Fomotion, are expeessed on s
mic sechons e form ob colwnar distorbance with chaotic and indistnet seismic reledion
pritems, incontrast 1o dhe well -stratified basin-fill sediments, Sediments bend down owards @
fueder channal with increasimg bnght spots occwr at different deprhs, bul their greatest number 15
betwesr 400 ond SO0 s (TWTT) holow the s=atloor
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Fig. 7. {a) Saismic reflaclon prolle over the Malishey mod welcanoa. (b)) Side scan sonae and subottom
prafiler records ovar tha Tredmae mud walcande.
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REASNNS FOR SCIENTIRC IFRILLING 1Y THE BLACK SEA

Ahligugh GOF filicn S0P work ws cantied ok m e Black Sea doomg early 39707 and 3
Trles (370, 380 amd SA1 wors drilled (Baoss o2 al o 1978 Bul all these wee for the purpose of
urrderstanding of e rzeenl sedivaentation in the basin and they ganve the information te te hon-
oom of the L ol the Pliocemss tnly. Tlowever imay be i oo dmdgstnd ke strucune aod ovo-
Ladisry et e basin taromzhe e drilting over the Mid-Black Sea Ridge because it could Be reached
doven Lo 11z Tevels of the Pa'coceneiURctaccous espesiilly over the Arkhangelsky ndze are of rei-
sonably shallower watcrs. Alse il would be interesting o Jrill soime of the mud velcamaes foe the
undersanding their fomatiens and zas hyd-ate probiem,
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A muliidisciplinary irn situ investigation on the physics of
crustal deformation :
the Gulf of Corinth Deep Geodynamic Laboratory

F. . Cornet* and P. Bernard &, 1. Vardoulakis 4, G. Rorm 3

" Taciitut de Phyatiiee i CHohe de Paris, France
© Nortomaf Techiinal Liveriery of Aflvntg Creeee
FGoaForshurs: centennz - Pamdone, The Metheriands

Ty AND FALLTS

The goal of This progect is 19 develop an fe sl laburalery L daming Cals on e physcs ul
eathquzkes and, mose peneralky, on Muh mechanies. Particular erepbusis Wil e placed on dox: -
urrenling e role of Auids on fault betaviour and de role of Fulls v Muid Tlew i An aceive titt.

The Fact 1hat fluids play an active role i earhquake ruptuce processes has long besn recog-
niwad. either fiom gendngical observations on exhuined fanll matena (Sibson, 1992, 1994} o
trom physical censiderations. im paricuba the lack of anomalous heat Thae along tee San Andreas
faoli ¢]achemheoch ard Foteck, 19920 Bul very Fewr dana we aviilable conceminge hydrolozical
respanse th sermiv eacikwion, They all involve surface. or subsuriie observations (Roelufzs,
1G35, M rlsta has ever been recorded inactive facrhis duting earthquakes. Furfler. the hydroleaic
aenperrias ol taulis remains poorly docuwwemed, even i some daly starts S00m2 Qut Bom recent
investiparions on eore amples codected within the full associated weth e Kobe eathguake
(b e e, 1997

Surlace hydrological observations (vuirwood and Eing. 1981 wgether with ceceal SAR
deefonnakiun images vblained abeer e Laoders eahgitake (Pelzer ol al. 1908 sugges that fusd
Mo sessn jaed with eadhyuabes may allect very hage demains for long pesods of tome. But
Peleen of ol s soneidloralivm come o sole ke obse vl o delenmation. He dicect hedny
Do bt e v bl 33 e Lo ocumeend the progaost] ion Bt earthqoakes involve large-icale
PUTE pressune var kb, AT Toea is Wesetup i o sesmically sotise eone 2 st of medsuring poins
il wariows Jeplles for nondioeing Mg Peesalle variaciens.

Althaveh Fault healing ss wekl known te oceor beciose of sepling, depending nn pressure a7
temperaiure cooditions 35 weil s on the muaing of fluds wil: varioss oliging (Boulegue, 1997
its cansequences on e rade of csange in permeability a5 well as o the strengih of the Fault are
not well docomerded, This comes raaly Trom the lack of datn an the im site coaditions with
respevt 10 lem peralurs, presiure. Mow rate, mphalegy of the mlerconnecled pore space and ils
reliticdn to the chemical compeosition of circufating fluids. 3o, rne of the muin objectives af this
protect i5 10 provide data on i site flow comdinions, below, within and above & recently activit-
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ed fuit. Furthermone, plans aug o provide means [ rewonding vontimuously the pore [wegsuee
kefore. during and aftcr an carihguike within o Gaull e aned acoond i,

Fezulez from she Parkfigld ¢ xperioe s en Culiformes  Nadeaw and Toansem, 19957 have shown
thial dhownliele seasmuc recording provides the possibiliey of dezecting muoch smaller evanls thaa
siandard <oelace recoeding dechniques. The lagre data seds on miceaseismic acliviy pathersd at
Farkleld during the last 10 years ki own the sosence of asperilics which siip apparently z
recurrgn times possbly Linked wilh fuid diffusion. The guestion arises a5 Lo whether 1his is tpe-
cilig b0 tbwe San Aodreas Faull systom or whetser 035 s characieristic of rmost Faull behaviour,

Tn wwrder b amswesr these uestons. it Ly Twen proposed to develop a Jeep s labaralory
n s 40 gulher dara da carthgquake sowrces and an fault meshanics. The meost suitable place in
F!llH'l[l[‘ For such » |ﬁhl-'|'1'ﬁll.'!]'_'|' r5 i the Gull of Corfertly bevawse of e active [CCLIHEICS |:T-“.-EI lL
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Fg. 1. Navelopment o1 tha Deep & 580 Geedynamic Labo atory wy 1o Gall of Coninth  Plana are 1o skl
in increazingly caegs Dosatmkes varous spNsos B dovurmeniing 1he redalionship bebwmeen Muids and iqull
mecherss.

THE GULF OF CORINTH DEEF GEODYIAMIC LARORATORY

The Gilf of Cocketh ix presenty the fastest opening continenial nft in the wostd with an open-
ing rate somewhede herseen Drand 15 mmey andd the riliee and uplifine of 1s souwthem shore a0
it rile which reaches Tocally | memiy s Armujo ef of., 18 This fast opening is associsted with 2
shallowly novtherly dipping seismic zone located at depths ranging [wam & to % km. Five evears
of mignitude Jarger than 6 hive been observed in ehis region within the Lt 30 years Compiaci son
boiween GPS obsereriions (Kalile er el 1996) and cumertated seistoic 308y shows some dis-
crepancy whick: may be shribued w0 non seismic deformanor: in the upper 4 g8 kmof the crusi
(Bnole, P44 Yel the siznificance und the mechaniacs of rhis non-seisamic defmmation rermains
15 be docernemted

Ten poars ol muldisgiphogy Wiereanen amd coltaborative ressmch mthe Gutl of Corinh,
supported in pardivular by BEC progrions, Lave allowed e selewtioo of o target arca (Bermard er
al. PR Nz loceted oo the pormil Pkt seetenn vlose 10 e cite of Aigiom. w ok is one of the
meosd solambcally actene argasof e CGune-Medercancan region (e figure 21 T oy of Algzion
itself wiss strock by o magoinade G2 canligugke i 18895,

AL ICDF Mg ional Contnental DElling Progrom) supporied inemanonal wockshop held
in Athens i Ovtober 1997 (Comed ef @, 1998), helped matuee his idei Mowe the project of
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seismomeater tn 50 m deep borehole
whservatory in [O00 10 deap borehols

|

o
O observatory i 3000 m deep barehole
O oleier vatonry i > GO0E) e deep borehole

Fid. 2 Localsss and insiisnerdateon o dha GAulf ol Corints Dees Qecdyramis Laborton,

deselrping 1 Deep Geodynamic 1aboratery w the very scnve nft of Comnth has begn ehdoesed
by ICTOF and soome Tunding has been absneed For seing ap i docad permangd sibasinrise @i
miv nelwork in the Awion-Eratine atea, A kg e, molliphise project has heen defined. Each
phasc. o 4 @ § vears duraton. invetves increasingly ceep boreholes 11100 m. 2500 o 3000 m
orshowe. & 00 m offshore, 3 @ 10 km onehore), and, correlatively. increasioply deep o s oo
i abievatons,
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Present activily : Insirumenting, an siore, from groued sorfsce duwn to LI m

Onshore, near Avginn, twe active Lalts can be investipated, the Aigion fanl and the Helike
tait. The Aizion faull 2s relatoes]y short (less dran WO kmy bat it has Been resctivited in 1295 hy
i magmiiude 6.2 earthquakes. Very lidle evidence uf surfave deformation was mapped] afer the
£vent. Hence it 1= anticipsled thal the ruptoce front died ow progressivaly as it aid siwari the sar-
face. Gine af the goals of the praject s 1w by e docoment possihle variaions in Gl wdrabic
characterishes s one gew closer 1o pround surfuce. The much Jonzet Helike fault fmore than
S Emr has nar been actinated since 1801 when i1 gave rise Ly an earfwylake of magnitude somes
where between 6.3 and 7. Hence it i< anlicipated thal the healng peocess is gquie developed in
that b

Thix area hag b cloesen for istalboge downlade seisme Sensors se s W delernioe whether
i apparen: Tack Of seismic siznalz o the upper 4 ks Bnbad (9 atbenuation e Mects of whetlcr
indoed i gignad a5 penented within tos depih vange. T adidition, soome contmuows GFF stations
are being deployed so s to monilor procisely the dednmagion process sof Lhis sscom.

14 is plamned to docoment e ipdeaalic properies of both ihe Argion apd e Helike Mol s
s 0 imvestieate the consequences of healing. This willt e dome by diilling throeeh te Gaubs St
wl adepth of 1000 vy, The borelwdes will provide means wo retrieve hydraolic, mechanica!. zeo-
chemical ard saelozical dina, thanks o loggine. coing and fe s measurements (SIFEss meg-
sorerrrenls, vertical and obbquee seismic profiles. termperatuee profiles). Ewidence for repeated
bregkoze aod sealing of cracks and veing moe cores will be looked for, wnd inlerpreied inems
of suceessive earthguake ruptures. These resul will b confronted wobservalions retneved o
faul renching at groumwd surace

Eevsmse one of the main goals of thic b gitu [aboralory s W dosument the (aulis hydraolis
charawtertics and thewr variation both ik tinse amd spece, e sitzs will include two oddivional
toreholes intersecting the strongly dippring faulis arcund o depth of sbout 200 m. Thiz will make
possible mnning hydeudic inrerference rests soupled with chemacal tracers so aa o characenise
the peorneabulity of dhe Fualt systems and 19 monttor it pessble varation in e,

A prelmiinary sile reconnatisarce will be conducted wily seismic and elecromaynetic pro-
(Ues in oader 10 wenlily precisely the geometny of the fault~, These daa, correlatec wath logzing.
torehde sesmie profiles, core dula, and the results em Mmooy (he mcHseIsmie activity
will help nitain an apcurale 30 wndersiandivng of e velociy field uf the e tDRether with & pre-
wise descapion of the Gl geomerry amd 1 vanauon with depth. This is ome of the Key ques-
tioms radsed by the undecstandmg of the dtdng sctivity arousd e Goll of Covnr @ 15 the
obeerved [ow dipping serme 2ot the resull of listric tau'ng or dogs it result iom 3 dense pat-
termof steep digpang normul faults amd theic antithee confugates * It lisiric fanling oocors. it bas
been propused W link fiull dip varalion with depeth wish chinges i maleral properies.
Avverding by accuwrate determination of the fankl 2one meshanical properties wil be cosdocted in
the: Laburatory thanks to the cmees reirigved Trom 1he wells

Profect : Inslrurcating the Seimogenic zone by nffshore drilling

The progrant wr be vun o e DU 0 deep ameshiore: borsholbes v il constitete a very wselul
lcacimimg prosess anl will aelyr icopoevs our uderstanding of the downhole Tault geomety. Bu i
will ned proeiade data fisan the seisinogenic cosie aed U will Gl answering die pecise gugs-
tnds o the physics ol safhywike Goobimg. L is only once the seisomogenic cone has besy ihaine-
mienbed Lthal apswers o the eqiel oole of Ouid o e dysonnges of fupune proceyass will e
documciied. Ak, it s only theough e sere meagerements thit e slress stale and e eenpora-
i field wll I @ waluared, Fucthen, e dete immation of Ui e himical propeiies of the mote-
il regquine] For pceskelling the sl ageenmme provess cononly Be obtatured foen cores vollested a:
(b caghl deptloe, A alysis ol Lhe Dovetele floee processes hian e Dkely 0o ocour at Lswe depil,
seill help urther vemsirom e consivire squations of e revloaic materials encouptersd o

those depths,

11 i sncicipared (hat an indernediace depdb (2500 10 300 o) borshaole midy be nessacary 10 tur-
ther retine our enderstonding o the faull geometry. B ic is only whena 5 10 6 knt deep well s
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drilled offshare Miat i will be possible 10 gather the requinsd data For advancing cur wnderstand-
g of earthguake mechenics. Hence our propesiian o ODF o perfarm e equired deep well
and o help deplny offshore seismonacters and possibly doarnbwebs inswaments in shallow wells
tin the arder of SO0 Lo 1O ) 0 order wr obdain beiter comstiines on Maid flux and lecanen of
sEisrc JolvEty i this fasl openimg it
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The Hellenic Subduction Zone,
a world site to siudy the mechanics of roll back

Bermhard Stickhert

frrstitug fiir Gentogie, Mineratogic b Geopfvak, Kihir-Universitar, Bochium, Cerurey

SIGMIFICANCE OF THE HELLENIC SUBMICTION £0ME AND THE ESLANL OF CRETF

The Eastern Medercanean bt one of [he roo0st ansreanens eareesling converganr margine
wedbdwide Bdweover, rellhack at the Hetienic subduction zome s cecorded over the pasl ca,
3% million vears, with @b e roaargenn skage of micenceontinent collision beiween aboul 30 and 21
P, aned incipuent collision with the passive Afncan margin woday, The wlamd of Creie repesenis
w horst structere developed wirkan rhe Tazt 5 million vesrs in the central foreane and provides
excallent onshore access to the leral «tructure of the [orean: ar varicus leveld. Thos, the
Hetlenic subduction zone is considered an ideal region oo siudy the mechamics of rali back amd
ralaied tectonics in rpace and mme.

ALTIVE TECTONICS IOMINATED BY EHLL BACK

Far the grew of Crets qoa. 25 B 35 oy, the geoloey based MUVEL- D A maodel of elative plals
WFIOM0N PIEGICIS A COMETefoe hrtwesen Afnca and stable Eorasia with 4 ratg ol 0.9 ervyear and
a divecoen of 353° 00 ehe ather hand, space eodesy reveals 1ol Crele and the soulhern Qi of
the Argean 1 moving to the S5W with mespect [ siable Burasia, e velocity of this motinn 15
it 3o d oowfvear (Fackson, 1993, Le Pichon ef o, 19953 and represents the rane of coll Back,
rexulting in el converzence rabe of 30 5 omdveinr b (he plate boundary. “The Bemob Lone
sersmmicity regches down io ca, 200 km, being located 20 3 depth of ca, | &) ko benesih the mag-
malie are. with solive velcanizsm on he islands of Aeziay, Miles, Sanwrem and Basyoos, Fhe
slah hos been traced oo SO0 ke by iomograzhy (Wortel erod, 19 The thickness of the Crus
Fenearh the Sea of Crele, Le, between Crele pnd 1fve magmaine arc to the North is locally reduced
bt dess than |8 ko chfakres and B&wer, |986: bakres pecs. conum, p correlaied with z high heal
flow, Active aruseal sireiching has not been delecicd by space peodesy, however. Deep topo-
araphic furmows io the Suuth of Ceete represant Foreure basing cormonty ailibued 10 srike slip
mekion Co o La Pichon & ol 19051 Toe Vhackslop® to the active accoelionary Somples beneath
the Mediterranean Ridpe (Mazcle and Chuarnvillom, 19973 iz [acated further ta the Soutk. Than
constmersal ceust ot 1he upper plae extends for mare than [0 b Lo L South and Soathaest
of Crete (Makns, pera onmm; Truffert er 200 P95 This roesas that a cehin lid of conenenial
crust is sliding om top ol the dewngoing ofste and thal ils southemn sdge acls A5 U backatop ta
artve accreliun.
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PRE-NEOGENE HISTORY OF CRETE, THE RECORD OF COLLISION AND EXHUBMATION

Crete represents a witdaw Than prvecides insaghi mbe the bzl sienctire and tectamc histe
I ol the foreiars. The maor pan of ihe praMeneens bisement ox posad on ool {(oomprsing the
“lower rappes™) s denved from the sedimeniary corver of the micreenatinent (@ g Ranmewo,
164 Papanikoizou. 1954, that — ax o part of the African plate — entered 1he piacoror af the
Hellenie subdwceon cone in the OhiooceneMinemw In the cownee of coliision, the sedimenlary
cover af fhe Micaocon linent fapart fram 3 unil thit was offsceaped in o shallower l2velh has begn
buned v ca, 3000 35 ke deplh, as reconded by the ca. 25 1o 20 Ma high pressure-law (e mpers-
ure metumnorphizm (e Seubel 22 o 1987; Jolivet o of . 199%6). These rocks were axlinmed
within 2 very shon ime span aiter HP-LT metamorphism, forming the footwall of @ major sxten.
sional detiwhmert (Fassoulas e ol 1994, and were back in te upper crust by abeowt 19 KTy
(Thomson er o, 1998a). Both, the rates of burial and exhareation with dwe given time constrainis
cinned be dccountsd for by Afnca-Ewrope plaie convergence, but reguire roll back. 1+ demea-
stialed in tee model proposed by Thomson er af (1998, 1999 and shown schenatically in
Fig. 1. Odigque «xhumation nf the micrecominent inw e space created by continuing ol bach.,
driven by boovaoey forces afler deischnoent Fom the disangoing lithosphere, has been wennad
AU Ant excape”,

i IRy, ST Euvrdss

Fig, 1, Infarrad tectonic ewolwicn of e Helens subducdion gysleann smce abcal 35 My o MEJE-S5W cross
seclizn {ned 1z seale), Mola the continpoes rafatyo medion bobeoon Alrken and Ewasia and b slysifoond
reaalritmicitn £ roll hack ba tba el comrergance A the ackha margen Accordimeg bo dhe mods peoposeed by
Thamzon #f & (13984, 1999) ashoraion by bvant ascape companealed exdanson wdbin Thea egcar
pate for @ shork dimse, ollowed by rensaed ausansian mainly keealized in tha sea o Creba. Also mofe that
Crreta became a mombalegleal igh anly simde aball 4 Ma. 1oF y potedy undartiood reasens.
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Whereas the defommed and mernnorphased <edimentary ¢over of (he micoocontivent s
expased on Cretz, the arigmal basemenl of these seres s penecally not exposeal and Largely
urkeswns, The ey contmuoos stralizraphic recoed Fom the Jate Paleoraic 10 the mad-Terary,
when (he onset of Aysch sedimentanon stgnals the approaching aclive marging uredgovecally
suggests thut sedimen mtion ook place on contmental coust of normal thickness. Since dhe orgi-
nal widik of the microcantineot bas been estiviaed as up o 300 km (Bonneau, 1984 wowenic
todels necd b predict the present whersabours of 2 considetable volume of contimental makeri-
al, Agegading 10 the buoyant ewcape model, the micracorinent is expected (o constilute the bulk
of i crust in khe present forsarc. from Cree owards the Sonth. stpongly thinned by riadial ad
langenkial extensinn. Thus. the inner bacxsiop o the presently active accrelionary wedge
edirermranean Ridpel may be formed by the more or less disintegraved onginal southem passive
tharein of the misrccontiment,

The bucyanl escape model of cxiensienal exhuination gois sborg suppect trom the fuct tha
thim veneer of rempants of the active confincntal margin of the upper plate o the
Dfigacencincesc collision zone has been preserved o e very wop of the Crcian nappe pile
(Fig 1h These rernmants {even fooand on the southcrmisit tsland of Exrope:, Gavdios) vonstitube
o maskure of enalal shices wish pee-Tortiary mwtamorphizm. including ophioles of Jurssic sage.
and are referred ta as “Uppenaas Tecione Unit™. according 1o ther strucoura]l posavion on Clece.
Ta sharp contrast W e P LT mctanofphic sedimentary cover of the mucrocenveent, the rm-
nants af the actne margin kave tezided in the wpper few knometers of the vrust theoughour ihe
colliswonal priceds, a6 shown by low-icmperature themmockronnmeing resnles CThomson e al,
1908k, Thus, their preservarion prectudes s significant contribulinn of erogsion i the exbimmie.
ton of the HP-LT-metamcephic microsantinent, 15 accounted for by the beoyann escape mndke|
iFiz. 1. ¥ore impontant, the Uppernst Unie appears o represent a perfect analoghs 1o rhe pres
sent day smualion. with & thin [ of cominental ot spreading on top of the downaoing aie.
The mechenics of thess provesses. Le. e coupling begween the plates. the tramsfier of forces and
the resulling siress field that drves extengion of /e uyper platc are poory wnderstead and @main
> be analyzed in deotail.

MEOGZESE HIETORY OF THE HELLENIC FOREART, STRETCHING DUE T ROLL RACK

A1 the time of colliston i the early hMincens, the acrive margin was situaled sevecaf hombieds
of kilkameters tn the Porth of present Crete (Angelisr o wi, P952). During Lhe Jiesl prasi-calli-
siomal stage, rell back may have been fulty avoo ukodaed By beiyanl escaps of Ges microcenti-
rent (Fig. 1; Thomzun ef cf, 199%% Sulseyuenlly, siiewhing and ciustal vhooning bevame
inhomageneo:sly disicibuted vver e Foreare, witl o peuud ol localizaton in e Sea ol Crede.
The margin hecame sirongly vorvex Wowards e Sowln, presumably controlied by along sirike
satt sl ins 1 the negative boovancy of the subdocied A lrican plas, The fionead part of the iore-
R (5 o tmdergoing cunlroclivn Jue oo ipend callision wish de African passive margin. On
Crene, dhe Iwal Livenwatc pallem s recorded by Bwbling history 164 Anndjo f of,, 1982 ond
sLravigrapfey of Uie ealunaed Meozems basins {e.g, len Yecw ¢ o, 1998 A more complote under-
slanding regedves infosemtion v e Leiser f lectonie aclivily in space and time over the online
finears, This is paticularly e for the mgion between Orete and the backstop io the
Medikrnancan Ridge and for the Sca of Crete s the sie of proeminent evustal stretehing. both
areas only ascoesible by marine peophymcs and oflskore deiling. Finally, it is wol undersiood
which [onces cause the sireng localized uplift of Crete during the past fow millions of years.

FUNDAMENTAL QUESTIONS TO BE SULYED

Bumbsmueu il yomestions velaiesd i bl the speyilic Hellewic seining G o wald site for icbigar-
i, sulnhaction comwesp and ahe niechanics of roll back awd subductivn e ge el con b foomu-
Lo s fallorwn
113 Hivw s the mechamical coopling betweaen {1 plaies
{2} Which forces doive the extending Forear: conlinental lid ko slade onto the incondng plite ™

i3y A1 which level has rive thin venesr of upper plates contnental coust originally been decoupled?
Whal are e subseanent kinemaiac pathways and thedr stuctural reconl ?
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(3 Whal are Ui mvmetncal pathwiies of the extersienal exhumation of the ubducted micr-
Conzimen1? 15 The propused asymmednic faann escape arcess Seesible 7 Can this model semve a7
a generil cuneept foc oomtinenty | growdh at retredling subductiom mones

{37 How i forear: extension partiticoned in space amd toe™ Crver which time span and by whick
process did tw Sea ol Crete form 7 When and within which kinematse framework did the deen
trrgure Dasi g, the woecalled renches form ™ What ¢an be leann from the lateral trans fer of acive
detormation on the coupling between the plats:

{61y What deteamines the position of te boundany between comrtional snd exensional dako.
malion - Lhe "mwkstop™ T

{70 Whaat makes Crete aciualy fve vp? When and why did this oplifi commence and what is the
mecthanical signlicimee?

The fuct that most of hese questions can be addressed both from points of view, the preseTl
thay physical sale of the subdecrion 7ome ax well as the meord of the revent geolonical pasi,
makes thiz situarion paniculaly areacoye and stimulatmg for interdiseplinasy texearch.

THE ROLE OF SCIENTIFIC DRILLING

An miernatzonal reszneh progam 38 currenily on the way, that SNeeRprses ropdsals of so-
emdilsc Uiilling, both onzhon: Crete and offshore, in acder w provids the requived comphets inlur-
taton on Lthe upper crustal defommation bty and (ke present physical sate alome a wanzect
wearcial 1o Lhe plate boundary (Fig, 2, For the given physiographic sieeton, offshore drilling in
Combinilivon with marine geophyaics provides the only aceess o direct infarmation on the hiso-
ry 2wl provememee of the basement, the sietigraphichecwonic record of te Meopene saver aml
the nature of ke physiographic features developed = the seafluor. Thus, marine gaoplivsics aml
dillng wre bodh essenitial to resolve e foreare evolukion in space and Ume, in combination with

() (2 {3
BEW- A & -TNE-
sediterranetn : | | kdlwnic i Crela SegofCren Swrdgrini
 Ramge G : :

e, By "o,
ICDPphass 1 tphasa 2 ~tel
={EH @I-'.!-L—:u:-m @n- . Hi; .
. i
‘:'-‘E"z"'b.‘-""‘
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_ r=Har N
- o] N
. 100 Em . H""- I
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Fig 2 Laroon skowing 1he fasic concept of comommg olisiere (OO and onshees ((CCH] drill hedes mn
A dransecl, peowlding inforralics om bolh the eckonic evoluton ams e preserd day physicad slalk o g
etugl, The piray shoubd De Lsed 43 & ong-teom obsarvakany i bis tectonically moat actrve reges of Ewrppe
and he Meditiramean Sea
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the excellent noshore secass oa Crete. Mote importanl, orchore and ofishore dolling 2 the nnly
mieans 1o odkiin infamation an fundamenial propenties like hear flow zad arte of sirecs 25 3
funciliom od dlepth boad relued W inemlate cnaphing.

1 35 sugpested to develop an integrated dzillmg concepl wilkin the soope of the Ceaan Drilting
Frogram QDR amed ahe [nermasional Conwmental Drilling Program ICTHA, dased on the fol-
Lywing prosurm ions:

{1} the program should be desizoed on a modular basis with long-term planming and coerdina-
ton between onshare aml offsoe activiones;

(21 mulei prrrpode Bolés are 16 be preferred. wich & crries od egens oo be redched ar ineeeacing
depths (with increasing nak amdd sk aid bepsfin g baad communy:

31 selection of drill sizes should be Based on oplimuzalion between the requiremcnts of the indi-
vidual Bwegets and an the fit ‘nto the desired final amay. In gencral, this may MQuine compromisses:

A all sdrill poles shwmld be wsed Tor the insallaion of & lopg-12n obsenvansty o eoond aclne
proscesses 1 Eartd Window ™

For instance. # currert ODP propusal suggesting affshore drilling irdo the Backstop of the
beduerranean Ridee (Fig. 2; site number 1] is pnmarily designed o smdy (e acmwal hydrlgd-
cal conditions ar the rear of the secrnonary wedge and get access v e decp biospheoe
However, it may shmulianesosly provude the passihiliny o e ihe ectonic lvpolthesiz outlined
ahove Recovery of sarmples of the pre-Meogens basement beneatl the Backsiop waould altow o
bdentify e sparre of e mear of the micrccontinest GF the moded & ncka) and ws thermal and 12¢-
tomic hisiory, In terms of onshre activities, o 3 0 3 K drill bole in the bdessara Ceghen in
SoulLhern Crele 1s under discussion (Fig 2, site numaber 2). This hole is cxpected w provide 1 a
comtnunus record of post-coflisional sedimentation relat=d to tectonics. (23 infonnation on the
niature and inkemnal streclure of the Uppermost Una, undisterbed by the atherwize ubiguious
landstides, (3} information on the strectaral reeord 21 the base of e Uppectiost ot as s fossil
wndleeue b0 thee bise of the present thim forears lid emaphasized above. dnd - 30 masionum depth -
4] the structural and thermos hronometric tecord at the eop of the bish pressure-tow termperalore
realarnarphic cover of the migrocoTtinent beneath the sxevsional dzechment The later infos-
malion i essential 10 test the bwovant escape hypohesic along a prolonsed Morth-Sooih baseling
cm Crete. Finally, a sour Likemeter hole yields invaluable informarion on keat Aow:, ilmd phases,
slafe of siress and ciber furdame rral crustal propenties celuted tn the present day geadynamic sit-
ceaticom, v istugbed by sorfaee effacs. Fulure dolhoe iangess would Be the ares with thined crust
and high heat Bow bereath the Sea of Crete (Fig. 20 site number 33 and the comtimernal cnst of
the mfamred microcoaCinenn bemeuth Crele.

In combinanon tese doll bales constitute 2 geophyzical laboratory that allows susdy ing fun
damental crustil properties and effects of subducnon. ciuding  with propor insinemcntaior
their variations in tiree (“Eiuth Window™] To estahbish ond maintain sech o laboraey in the we
tomicaly most a¢tive rggion of Earope conld be an ootstainding Buropean task, last mor Lasr in
waews of teg 2 valwidion of seimic hazards. that clearly regeine an improsed undeestand ing of the
rechanicnf stare of the syutem
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Land-based drilling project in the forearc of the vetreating
Hellenic subduction zone, Crete, Greece

D, Pepanikodaon |, B. Stisckhert * and D, Sakellaripn '

U Meadizarerl Centlre Fod Mavime Rezaminh, Adltens, Greece
£ Mastisat fir Ceclogle, Rufie Caiversiede. Serviary

INTROLEEC TION - GEODYNAMIC POSITION OF CRETE

The tectomz units of Gwe Hellenides ¢an be srouped it nine domaing, each one représénting a
distinct iecionostcatizraphic werame (Fapatikodaal, 1492, 1996, 1998 Pour terranes {Findog-
Cvelades, Vardar Axies, Clecwn Bhodope gnd Volvi- Eazt Rhodope ) are of oce2nic ongin, 1epré-
senting distmet basing of the Tetkye Ocears, The 251 [ive wwrranes { External Hellenides Flatfurm,
Intzcnal Hell=nides Fladfem, Paikon Block, FRhedops Massif aod Vermiskos waszily represent
pee-alpine contitentat srusial ragments driliss away from the passive Nonlern Africin margin
ducing Late Pakrozeic - Middle Trinssec and covered mamly by shallow.water carbonate sedi-
mentation during their Baseeoic 0 earty Teniery palecgeozruphic cyolution within the Tethys
Choear.

The overall alpine desclopnient of the Aegean bwspher: is the rsult of the conlinuous con-
vorgenow proess Compeising @ (i) sabduction of the Tethvan sceanic doniaing, iy wticro-colfision
events between the Eurasian active margin and the incoming contingntal 12 eanes {nicIo-oconti-
nenis) and fiin relfBack of the Hellent: subduction zone,

The presentty active. reiceating Helbenic subduction zone in the Edstert pMaditerangan, is
promimenl example of convergent plate boandary over the last 35 ba. incledieg an mreniten
sape of collison with a mcro-continent {External Hellenides PRIUGC0D 221%eeD ikl 33 - 20
Ma b 11 smcwre devebpad by 1he collision of the micro-coalbnent with the Burasian plate
dunng Olegocene = Mocens iy preserved and parmy expered on Crele Islarad,

Reveatl Crede the Moho is bacated at about 30 ko deprh and is expacied to represgnt the bdohy
oF the subdiacing Adrican plae (Makris and Bglodl 1998, Abave the African plate. the upper por-
Gon of these 0 km - partly expnsed on Crels — consists of the oveniding Avgean (Eumpeant
ok, Tt is sompesed of
ab the bazement of the micrm-contipent (il exposedl which enllidad with Burasia 2035 hMabp
L the, in part FIFALT mie Lot pliy. sedingenlay eoned of the muicto-continent and
cb cernnants ol ihe upper (Rorazian) plaee oo the CHI pocens/ M bocene ol |siom 2ome o np.

The latesl, called Uppermost Tectooic Unit of Crete, iy o fossil analogee of the thinned Aegean

{Furnpesn) crust which extznds 10 1he Soull of Crete and formes the backstop b e presemly
active subduchon.
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Tlie utsducted rucro-conliment became capidly exhumed by exiendysh concenlrated n 2 low
wigle Jelachrmel fankl aral, according bo the proposed "obliyue beoyan escape” masbel, was din-
e By bueeyahcy B the specc oreted Dy continued s sk of the subdectinn aone, Sfler 70
exbummation of e HE eocumrpdiv rocks omicnecontireent and pert of i sedimentary cover) in
Mlicuemse, e cnlive siac kol teciomy nappes expoassd on Creie represents the Aegoan (Europran)
Lpper plate ol presenlly wctive sulociuen, This uppor plate bas been ectremcly thinieed
1alid]l and Langenligh exlension. relaed e iollback ol the subduction zore, while the precise
Eistony of thinning 5 pacely Uimlegsicml,

GEQLOGICAL STRUCTURE O 'RETE

The alpine stoucture of Crets pepresents an sworetiondry complex compossd of nappes with
Ohgocene - Mincens HP metamorphism iSeidel er o, 1982: Theve und Seidel, 1991 ), in the tec-
torucally decper levels, and nappes Iking o Teniwy meddmorphism in the tectonncally bigher
Ievels i )

Poela wth no gl -Enee e ALfgnnnHe e LT;:::’”‘
.” Frlih My e e Aorchig
':I t;f g @ b L
] Ty 8 SV
B B8,
'|.r|:pulrrH:l:r Fidra (127 FY vyl Frafnrpadlk
und Unb Larh -1, -5 st

Fig 1. SenpWfead ecinnic mAp of Ceede and acherme showsnp e stachineg ol e e omids {frnm
Thomson =t at

The HF-metmepluc mappes (e "auneehthiaeoes Flatenkalk umt and the Phyline-(uan e
ULt sied (e doRuenmest chnseesmorphiie tapps {1ripol ik unit) represent the sedrmenlary cover
0 e misreeconiment, mamedy e Extiemal Bellemdes Flatone, that entered Lhe precorsor o the
preseni=ilay Hellenie subsduction done betaeen ibour Hk20 8a T

The upper nappes withoul Temary metamocpdism repoesenl in parl remnants of the ooganig
realm epardding the Exdernal Hellenides Platfoom micro-continer Feom the Egropean margin
price € dbe collision (Pindos ueith. and tn part the front of the upper plate 1o the mid-Terzary sub-
ducnob zone (Upoeanost tectobie it The rewcnaeus of dus resn ol e upper plube are verious,
reciotiically juataposed, coustal shices imearmorphic uniix of Mesozuie age wilh Jurassic to Crets-
cesus dpe of metamorphism. ophioliees. veey Jow-goide metamorphac clastic sediments elc.),

Fecant themmue ronomeiric. mecrosiruesucal and ibemiobaromeinic studies of the HPLT
metumnoTphic enits (Theye and Serdel, [¥91: Swreckhert of @i, PR Jolivet o7 of. 199, Kaesar
and Steeckhert, W7 Thomuon e ol 199 1907, 1U98) have chown that the sedinwentoy cover
of the micro-conlinent was sobducted with plute velocuy. detached a1 3} o 35 Lo depth. snd
redurned oty the wpper cous! withim a few millhon yescs. A magor extensione] detschrnent sep.
rutes the unmetamocphic birher and the HP-metamorphic lower units {Fassoulas er of. 1494,
Kilias srerd 1934, Jolivel ef of. 1993, Truffert of ol 173
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Sinpe about F3 Ma bop Neopene sedinenns have been depreited onfapof the echumed acere-
visriary comples tMeulenkamp of @f. 1958, Fxiension and binck Famlrfing hag continned { Angelier
ot al 19521 and is active today, abse 2 Beciad by seismisay and significan vertical displacemsenis
fPatery o off. 1085 Pirazzoli ot al. 1951).

The present day zecdynamic ornfigucation of ke sland of Cree displays i rather alypical
{oreure bigh - horst stevetuee, wplifted withn the lase 5 Ma. inthe cenral part of the Hellem: e
3r¢, on top of the shallow porich of e preseny sctive subduction cung, 71 is wwnded by B
g well a5 M-3 trencing noctial Faaln sysiems with comolarive desplaceneal of 3-10 ko il pro-
vides excellenl gnshore wocess 1o the intemnsl siraceure of Bhe Lorear: al vwiows shiuciaeal Jevel..
The highost elevations on Creie are abous 24 K with the lowermusl eclonic unis e rc G
by of he ot dains. Fhe cawses of the sudden and imense upliit of Crele duthig e w5 Ma
are ot undersioodd. This process may be celited e e orsed of collin wil the Libyan wdigio
lafore 30 Ma

DRILLING STRAERGY

The catwent proped for the scientife dolling program iz displayed on a sehem:ang oross sed-
tion in Fig, 2 {Papamkelson und Swecklerl, 1999} Lo view of the nareow isduoed of Crele, the
coanbination of land-based aml offshore drilling oftees the opportunily Loy siudy the crasial recond,
propertics and present day physical conditions aleng an extended N-5 baseling perpendicular Ly
the southemn segmeol of Bie Hellenic Adc

Crete Transect |

SSEW- () @ 3 @ - NNE
- V. A 4, |
Cazf Maddaranesn  Hokoms » Crato Soa f Cre Sﬂ%fnl' :
| Fidoe Trensti s _

-l

i o eTHORG T
" T T - Eurasian Plate
"-
' |

Fig 2 Scivemanc crass 5aclion showmg the prscipsl deatures o the proposed concapl Tor lis: goialidlz
covalire and ofatore drilling st B rolreetng Helame Subduection Zona

Such prolongsd baselmes nonml 10 sirike are essenhal tor, e, (he 1eso of the models pro-
prised lor the exhumalion processes of the subdocied muwcro-continenl eoblitue bioyunt cscape
modet o1 symmercie strelcting ), e transfer of lectom: welivny receided im1he Mengene sinig-
raphy and strucrures in space and time, or Lhe presan duy gladienls in sUeee Jield or heat Nuw.
biatly relded w the mechanical coupling belwesn e subebuciing Alrican plale amd the sverriding
Adczean plate
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This the primeipal scignbile moals of anshore and otfshore drilling, which are listed below:, are
enber dentical or complementary

Actial physicnl stare of the cnad: Sieess feld, noe mfluenced by Lapographey, heay Qow, motmflo
ended by surface efieciz. hydraoe peaperties and Flesd Dow:

Tectonic svehution i the past 15 Ma, reconked by thick Neogene-Cuatemay sedimentary
sequences deporsied o graben and balf geaben stiwcores developed in the boule upper crust due
o langertial smd radial st ling of the foreac,

Information an tha celliziceal episede of 20 - 20 Bz and on the naturc of the crust oF the micre-
comingmt, 0 esnifwfalsify the propesed cxbumation concepts.

Furtheniwee the currelated approach withis the suipe oF ICDE and CDF 5 in mutual agres-
menl with (he coneepl profoeing a merger oF bath into an Eantay Drling, Brogram from 2003

Regarding the offshore deill sites, & full proposal bos been wready propeucd and submi e 1o
CIF by A, Kopf, A HF Roberzon. E.S. Scrcaton amd 1. ¥asche, A briel desvrpion of the roain
concepl of he QODP peapose] is inclirded in this volume too. The dnil siics progosed o QDF we
lexcated to the south of Crete, from the Easteen Mediterrangan Ridpe acorelionany prism seross it
Bk stop ta the nonh | ard cormespond approzcomate |y Bo those labelled 1 and 2 i e selwre of
Tig. 2. The drill sitc labeiled & inthe sone schenmwe is bocared in e Sea of Crete and represem
a possilble Tuture prolomwzation of the Irnssc.

T phases dre foreseen in the pooposed band-based drilling profeet on Crele
Land- binsed drilling phase 1 Messara basin

An intermedise depth (34 km) 1snd bosed dill bole 35 propoted in the Messara Grahen,
which comesponeds 16 ihe sile labelled 3 in the scheme of Frg. 3.

The Mesgira basa represents im E-W divected graben formeed dudng Middle to Late bMioce e
fLate Soravallian - Toronian) o a rescle of oy extension, which bas alfecwl e Sootkern
Acgean landmass ar thar Hime.

The basin is Filled up By bubdle 10 Upper Mincene clayvs, limesiones i samedstones,
Messinian gypsum, Ploczne macls, clays and sapdstones anl Quatermary terrestng] deposits as
conzlomerares and sand a5 well ax gravilahonal deposits (fault hreecia aml talus). The Quatemary
depostls indicsle an ineyeased peatectonic 2civity. which i consistent with ihe rapid uplif of the
enure i =ince Lpper Plincene - Pleraocene

Hurwever recem studies and reliminary obsenealions from :he Meogene - Quatesiany basing
of Ciele (Kleinspeln, 19581, us welt v (rom equivalent basins south of Crete 1 Finetii gt af. 1300
indicate lnan they have experienced shortening swggesting dhat vhe srmin i= more complex Ean
siple exreinzion and may be parmtoned 19 rasgonse 1 the Obtiguaty ol the convergence between
afca and Avzean.

The proposed dnll aele will be based nn the (uatemary deperits of the basin while (he pre-
cime Iocatnn remams o be definect bised mesehis of ongning geophvsicnl eaperiments ind pre-
Hil8 SUrvEps

‘Ihe dnll hole iy expected o reach the HELT lower wois (Phyllites-<uartzites mil o
Flidtenkalk uoily ar @ depdh of 2.4 kn dFig 3 adler baving bomd theoegh the Quaternary-
Meogene deposits of the Messara basin, the Lppemmast igctome unil, (he fimdos and the Tipeis
il anxd A dlerschrnenn 2one, ad B peoyide imsizhn mid -
tu) the late Testrary 1o Qualernary sedimantary record of N-5 euension and wplift of Credz,

(b ihe jncermal struciare, evolulion and Whickness of ts Upperrmast Tectemic Uuin of Creie, snd
1] W2 nalure of te derachnsenr Pl biwesn e uppet - non mewamorphic - and the hower - HE
metemmpde - units. and

(3% the thermal history of the HPYLT metamorphic rocks beneath the desachiment,

CIESK Warkahip Series 6 112
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Fag. 3. Cross section (no wardies sxaggeration) through the Messars basin, modifbed aiter L= Pichon aad
Angeliar {1578), with appoomate positicn of the ehensinnal delactunenl between e HPLT mislemonlue
units and Mg ynretamorpiee UPpEr Rappes

Lomd-based drilling phase 2 ¢ baserent of the micro-continent

Thiring 21 later phase a seoomd aoderair i intermediate depth laad based drill hele i pro-
posed, I recaver the basement of U loweniiest tectomae cnil (PItenkalk urit) exposed on
Crate. This hasement is expretsd 10 Be the continental crost of the gicto-candinent {Extzmal
Hellenides. Platéornd. which enterer) the sobsduction zene abeat 30 - 200 M, b.p,

Such a drill hole will allow o -obtain information on the matute of e crost and U prosenance
of the micto-contirent ds weli ws vn the depeinod burial snd the el deformation of ke base-
mem during collision

The second il sile will he Iocated oo soitable pasition on the Platenka:k onit, whach will
allow 1o rexch e basement of the macri-contmant in pelalive shallow depth below the surface,
afler hawving penetated (hrough the Luwee hagizone of 1he Platenkalk unir. Sheee the Flavenkalk
wnkit i widely exposed on Crete, the precize beearion of his drill hole witl be dehned on it base
of the results of the approprate pre-3ite surveys, which are in peogress.

Finally. the proposed drill hales will seree for a sersmological obseevarory o weil as they will
[worvide the base for geophyscal cxperiment, to oblawn information on e actual physicat sl
il the esusi and fundomentl propeclies rzlaled to the mechanical coupling of the piare: like stress
ficld st 2 giver depth (not wfuenced by wopepraphy), beal Aow tnal inflienced hy suddace
¢Feci). hydvoule propertizs ind uid flow

CURRENT RESEARCH ACTIVITLES
Currnt resens sctivities dicecily relatsd i the Tl bosed Jeilling prograos inclede ;

v evailnation of exiting duta §zzology, teophysics, neoleciomcs, seinmicily, dala from eaisting
=hallow diill bales) ¢ Athers):
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= combined snshorciollshore seiseic progium designed w chian sn improved imase of cnestal
Uiickmess wlmsg e iross the propused LBaseol from the Eastern Medirerrasean Eadze to ihe
Soudh thrawgh the “hack-2op™ amd Ciete kdand b the Cretan $ea {Aegeant to the Nowth
tHambu gy,

r Passive seivmics wsing local amays devioned to obiam a kiph resalution image of 2Ed% IICIEY e
of seismic velocities iy a function of depeh (in puriicnlar coogeal loow velagity 7anes and slak parsi-
Lk o By haem, Chandad;

= mcasuiclient of gravity lield - interpietativa ol gravily anomalies tHamnbure, Bochum);

= sirztigraplyy and stroctursl record of Meowens depnsin sxpased om Crete (Patesy Rerlin,
Iraklecn;

« moocionic anulysis i Crele (Athensk:

» peowiaphology related o Quaternary and active weerenics 1Bayreuth )
+ Plic-Cyaiernary clastic aprons {Minneapohs),

« Jowr-temperilars thermoc hrmomerry (Bochurm;

+ teclonic hiztory of the HRLT sodim iy ¢over of the micio-contipenn g the =cieisioal
detwchment (Irzkhon, Yale, Frankion, Kalsmbhe, Cologre. Boc hum;

+ banenment and actochthanaus cover of the micon-comtinent {Athens, Berlin, Stuigan, Cologres:
« pre-Mevirene tectonic history of the upper noppes (leaklion, Bochumi.
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Tectonies OF Subduction and Collisional Ares (TOSCA)
J.M. Woodside

Tenire for Waring Eartle Setenees. Free Universis, Anecterdam. tha Merherbanadi

Several problems swrounding subdu:tion and plawe collision can ke addressed very conve-
nienitly in ihe cagem Medierransan Sea where diffzrent stages in the process are observed. L he
arc: syskeens centered on Crets and Cyprus are 1 incipient of advanced steges, respecnvely, of
vollision, Pucing subduction, fragments of Uk Butopean plale were dfted sowthward and swh-
merged heneath the Medilerrancan Sea. With plate convergence and colhaon, these fragments
are volved in colliskom zane delfomation, acting as “backsenps' for the accrelionary prism neur
Crele, o fOrming pan of = bread pone of deformation east and west of Cypius As collision pro-
apgsses, conlinenlal lagmeals frnm Africa may be mixed in with te Tcagruents Uiled s from
Eusope. The aciual subduction one becomes impossible o define eascly because the broad
deformation 15 tuten up on several Bl sysiems which do ool meocessarily lie solely ou one side
ol she accreling frammeants ar o #niod her-

South of Cyprus, the Eratratkenss Seamouns, o supposed fragment of the Aftican plate which
i% i colliston with Cypres and s slowly breaking up itself (e.g. Roberison, 1998}, has slowed nr
effecively stopped subduction thece, The relicl subduchon zome lies belween Cypnis and
Erancwthenes where the seismically avtive underthmusiing eccars. Bul 10 the wesd, the principal
plile rmction i tanspressive deamal vransform [ Woodsids er al, 1999, while 1o the eqsh, several
disceete ginisizal mansprssive iransforme faull systems define slivers of tie east Cypius Arc (Bea-
Avpaharm o @l 19%5) connecim: the dtalled subduction zone with U £330 Amdiian Faoll wone.

Comearzence soath of Crete comlipves with lubricanon from Messinian sali within the sccre-
limary iz snd the development of pd veleances and fluid sezps o the secrelionary pism
accomirnying thsting over the hackstop (g Cita ef ol.0 19960 Like the Cyprus Arc, the
Hellenic Arc exhibits substantial sheswing in the formare areas sinbstral o the east of Creete and
deatral 1t the west {e.p. Le Pichon eraf . 19955 In the case of the Hellenic Arc, howsver, deep
lrenches Form 1o the soull in the forenre region north of te aecretivnary pnsm. Thes hoe ot
rccumed 1o the swulh of Cypng, probably becass of slower convergance.

The geology of Syma. Cyprus, sowhom Turkey and the southeen islands of Graece is distin-
tive ik reasanably well-known o mapped for the most part. Thas il has Teen kypothesized amd
partly demonsitated thal large blocks along bolh arcs have been rifted from the plates w the narth.
Samples of the JAnasimandet Mountains show distimt eocrelations with the BeyfSwsur Lrapla,
Lycion Muppes, and the Ancelya Nappes Complex) 1Woadside of of., 19T, 1998, Samples of the
Sirnbo Maunting wnd semnonnts south of Creve appesc b be Helbenide Like Crete i thee meighe
biting islands fo.. Mascle er ol 1986, [9860), Mareover it is inferred that there is enlogica
comfinuily betwean Cypous and SyrinTurkey bothe esst (Limonay et al., 1992 Ben-Avraharn ef
af., 19951 The edar of the Evropean plate can thus be lollowed ime the subduction comples but

i still identitiahle and dellable.
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Fig, 2 Saismic redetiion pacdikas it PRIGEN feortasy . Magcle) across (A pant of the Rbodes Bagin
IWoods«h wf 4, 1333 and (B) a seclion of ke Fledence Fisa (Maccta, pars. com. 1933). Mole thal thems
afe ok iessanlen evapariea, Geeper delorrmed Alpane Dasemeril wmis ara saparated iom the Plooans 1o
Recar] apquance by aroswona aaconbsmlbes. The Pliocanss 10 Basent sedlimesds in these srampbes nore
bos= ARG 0.5 & Uhws b (bed -y reesl Kimaor reuighly [ess thon 4508 m prsuming 3 Sdisemi wokiery of 1700
mHE For Thea sedlmeants.
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The Anaximander hMoutcams, Rhodes Basm. and Flovence Rise are post-Mincens ectanic
produans of plate comvergence with Wtited covering sediment and without Messinian evapoites
iWosnlsnde of af. 1995, 1998, 1997, Al thrae sppesr bave submenged to themr present depthes in
post-biocene lime. They are reasonable targers for drilling and will provids constysine: oh the
Matu el Linnmg of e southward rfting evems, subaidence, sraling of Cyprus Ao sebducion,
amd sulsseguent cinnpressional desiwmation. If this ifiirgifragmentation of the Eurapean phare is
4 prosluct ol o Turme sl “ulHback” then the process can be exdnined here through drilling and
iz it fieldwick bodh ot sew aned on the sdjaoen g e, Sveoessions of meks drided ot
seal vtk Ly b compared] with those on lamd o, the: point of view of cummon but later dive-
gent lysion s,

The mature of the backstop arcward of the mud voleanoes is the subject of confinuing disouss
siom and could be easily sddmessed with holes south of Crete (ond with relied hales funiher alonz
the arc 1o investizate the exient 0f the soathrward rified Helbenide Taunde rocks which probably
torm tee backsiop). This s of general interest alen since L i3 easier here to determune the evalus
o Of this (ransinon zome betveeon (e accretionary prism: ard (he are bebind, on acoount of the
digtinct geology of the nfied blocks and dheir specific dixgenstic history. Itis here that the TOSCA
peoposal overlaps and supports the diilling tramsect from e Cretan Sez, across Crele, and o2 Lo
the backstop {Kopt ef ., this volume: Papanikolaotr e ol (hix volume: Sickhen, this volumel.

In summenary. TOSCA b5 o peoposal todoll 2 senies of ho'es inthe lorearc region between Svia
and the Peloponnesis The following sies are propossd: §1) Lamzew/Tulskia Pidges, (2
Flowenee Rise | (3) Anacimeowler Mooniaing, (4] Rhodes Basin. 151 StrabofArizne Mountams, aml
(6] backston amd Hellenic Treneh The gaal i5 1o dndl v the basemert alpine rocks and b zsimb
lish the timing and development of s vifling aad suhaplemce.
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The Western foreland
of the Mediterranean Ridge aceretionary complex

Werner Hiele

Technische Dhiversiidr Mintchen, Germany

The Mediiermanean Ridze (MR} is an aceretinnaty complex. the relisf and ihe intermal sormc-
e ol which vany alang its axis. n Eont of fe noflawesteen aod westem pans of the ME. froe
forelands {lonian and Siee Ahyscal Plaing. lonian Gap; Fig. 1) show rectomie bouom aml sub-
Dol peculiarities whesh are non canesd by the aboetionary processes but pre-existed and con-
wriolled the: gedithe nianon regim, partrenlarly during the Messiman evaporation senod: SW-NE
rariented smal], elongsaed worsts sepacale brsdsr depressions (Fig. 2 Hicke o0 2l 1950 The
mst coaspicioms horsts are. the Medina-Yactor Hensen Struciere{Hicke and Thzhani. 149%; | 2]
in Fig 1; Fir. 7 B} and a featum compeising the Contad Spor and the centeal elevntion of the
Bannowzk Basin ([4] in Fig. 11 They ame dissecied by Lefi-latera) faults which have 3 considerable
verficul compnnent as weell.

The Medina-Vicen Heren Siomciune aud e ventsad ebesation ol the Bannock Basin oller
rexijlamce againu s aesron whivlho e dosweneated i the BE relie! wear the delermativn oonl,
At leays e Vien Heqoen Seadeldl (VHS) o 0di!] wcioneally aonise §Avedik arnd Hieke, 19215
Hicke amd Wanpings, 19831,

The alternation of areas wilh & (hick ey aposte Laver and withour evaportes in e present fors-
land suggests <imilar relatiars within the acerationay conplex: the evagotes do mar decir 45 1
cuherent layer. Tncoming stmctural elemenis of the farmer foreland. incorporaled 21 eaclisr peri-
oids and berng newe far from the deformations Broat. can be still observed (oenal levation L the
Bannnck Basin: von Hueme &f al, 1T}

The derper paits af the ME forclhand vhow clos stawctu il v lations tu e Maeding Bidge and
Maita Escarpment areis o bich are cotsidesed to be undeekaid by nhinned ¥ contine ntzl crust A
least the londan AR, however, is crasidencd eontrovers<ly 1 b umberhunE by old occame smust
ar by thimned continental one (Hieke and Dehghani, BP0

In owdder fo unedarstand what happened (and o spll geing en) at the plale uncany betwoeen
Atrica apt Euraien (Small-soaled siractural varmmoens of the down-going plate, thenning ot cono-
nenial crgstl, it wind d be bedpiad o Know the pre-Messiiman padeopeoyraphecal and tecloric syi-
txpn which can be studied m the forelaud areas o1 the ME. Such knowledge wouid be also
irnpitant for Che recon=ire: tion of ITHme Farawayy.

Porential dritl sues ¢ avoid penctration of the Massinian esaporites) can be located o 1l
Wicwr Hersen Seahill {proposed szveral times in the past] on ochel panis of the Mading-Victkar
Heasen Struciure, on the Comrad Spur in the Sine A.F and at some dber places according o)l
unpoablished daty avab-atde from recent criises
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Posiions on the encinzed maps (bokd lines]

BE = Base 4l gvapirilas, M = milleikas 3 [1op of dvaporiias), HEHr = Nathslg Sinetdore.

YHE = Viclor Hangan Seahil, YEHZ = Vicior Hensan Saahlll 2, VHEIR = Viche: Farsae S o
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Accretion and inecipient continental collision ;
phase-2 deep drilling into the Mediterranean Ridge
accretionary complex, Eastern Mediterranean

Diclla Vedova B. ™, R, Nicolich 1, T, Reston 2 7 and A. Camerlenghi 4

/ Friparrtioventa di fngegiever Noivele, del Mo » ter PAmbiensa, Tniversita di Trieste, Tralv
? Deperiment of Creaiogy and Peirofeum Geolowy, Untreegity of Alwrdeen. UK
T GEoiAN, Kiel Crermony
T Chigervarone GooRsion Spermeniale di Triesme. Mefy

ALSTRACT

Wy propose & second phase of deep drilliog e e Meditenapean Ridge accretionary cem-
ples io understand the defommativn provesses of aocrenonay complexes and the role of fluids it
secdiment zcoreton, by dnlhng the Pre-Mesginian sccretionary wedge ¢Mite A: thiee bodes) and
the hachstop =rea (5ime B: rad holes ) in e Eastein Meditcrmanean converoenl margm syEwm,

THE MEMTEREANEAM Ribs:E COMPLEX

Convergent margins are the sues of binh cominental growih iibrengh scecrehion and magma-
tisr) aml evntine néal diamangling cerowgh sediment subduction and Lectonic erosion’. ALk ol these
prowesses e primanly controdled By the regiunal swe s disteibatior and e strongly influenced
by rhwe comiplex interaction belwesn tectonic deforreanion and the toanspor, of sediment ard {luid
{1angzeth snd Moore, 19700 The Bustarrt Medierramesn is o onigue gxample of such a systes.
as i offers the oppotumity W0 study Tondameats] sceretion and collisinm prowesse: axsociatad
with terminal subductiont-incipient continentd cellision. pregressively ocoumng at the Afacan-
Acpein cOnvEr2enk Crei.

Plate tactonics recom:drctions oF the Meditermancan ares (e.g CHived el al, TPR2L} shewe that
four tle Tasr 301 WTa Adrica bas been movng Miwth relatve we Rurasis, resulnng inopracial swh-
Auceion of the Masozoic lithosphere amd closure of 1the Tethvan coedn, Conversence and eventu-
al codnsiom has led to the focmanoo of the Alpine-Himalayan Belt, oF which the Mediemansan
Ridge is presently one o the most wctive parts.

Thz Meditermneon Ridpe scvrelionary complas represents o lurge and actively deforming
sodiment prle resting ozainss o confinental morgin 'hacksiop™) of variabie widh. located
arcward of the wedpe (o g Le Pachon or af, 1992 Kiodeng o0 o, 1992, Troffert of ol 1993
Eallemrant ot of, 1904 Comezlenght ef @f. 1995, Chawmillen e al. PO Reston of af.. 14906:
Chaumillon and Muscle, 19897, Baloni o .. 1993 4 seqrence of Ioay permeabaiy evaponites
of Mesmnion oge 17 present. with varinble thicknes<. inthe whole arei, [ving within the e
hlan kel ar 2 depith of a 2w homdsed meters beneath the sea oo
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The auretonary wedge 15 mainly corposed of sediments acqreied from (he African plats,
whick 1 subductng owards Northeast heneath the Acean. af a cument convergence rale of
whoud F centimeirg: per waae (Le Pachon @ ol 1995 Noomen ef af, 1996).

The sccretionmy complex shaws some distinctive features, sech exo 11 ek of buthymere
expression for the subdweting 1neneli, 2 very oo dip angle for the ingoming piote snd 37 unnsi-
il width wnd flatness of the scorfuapey comples iiself. Wheress 1) and 2] e likely related o
the callisinnal condasr inahe area. 33 3< rebater] 10 1he presence of the evaponies, in the way they
influznce the dewatering af the Pra-Mescinian sediments iResmon 1 | 1908,

Ar the Pre-Messinkan sequences compact (by sedifment accrelion and underihzusting), the
expelled pure ftuids are rapped enealh the impenneable cip, causing uid overpressare al the
birse o Wwe evaporiles. In places whees the evepariles are than. DNuids might vent 2t v seadloar
pliwre Laulis sl stucores Shdinore e of,, 1987, Becuuse ol the effecl of Fuid ONETIESSarE ()
U sbemgth of matersals. fluids are signifeant s the weewomic i dynamic svaluton of the sys-
1=l

Thers is general agreement on the natere of e peditermuwecn ddge struciere, but there are
Mitl ddlertng medels amd interpretations on the evalution «f the accretivnsary wedge — snch a-
fhickntas OF the eviponies, sirecture of 1the wedge and Jepeh 1o the decollement - and on (he
Hiwctupe 33ad nadwre vf the backsop (e Ryan of gf 1982, Le Pichor e o, 1957 Trofter o5 ul.
1997; Lalbamant er sl 19904 Restnn & afl, P9 Chaanillon and Mascle, 1907,

The MLDEIE-TMERSE conddar dFig. 1wl e comresponding cross-seedion 1Fig, 2h are a rep-
rerenilatve sRsMple of the westvrn Mediemancan Bidge sccrevionary comptex, where & neas-
withagonid] [enmina] sulsdugton-iaital collivivn is king place.

A Firss shallow dnlling phase acvoss the collisional marzin of this systems waz suceessfully car
red cot dunng QOOF Leg 160 {Roberson, Emeis, Richier and Camerlengnt cds., 1906 One
frcws o the dnthing concemed collisional processes relaed 1o 1he ectonic Sistory of he
Ecasthenes Seamount, & crustal frazrent in vie process of collision with the overmidine Cyprus
pilinez 1 the mecth, A& funher tecionic-related objective wig rhe drilling across twoe mod voloznoe:
leeCided o The mythem margin of the Mediterranesn Ridge s¢orefionary complex. o an ares
wheer: the Meditemanean Badae is thrested over o backsdop of comtimenzl crust 10 the North. 4
rird vbyective way e sludy subduchon amEacuredion in an aves where subdection is stifl taking
place. by thilling on the wnner deformarian foat of (e acceet oniry wedge.

GCEMEHAL OEJECTIVEYS

The srieati{ic ubjectives o be addoessed by this second phase of deep dsilling are steongly fig-
ueed in OO themex cuthined in several decumenis, such as: "Oees: Detlling Program Long
Eange Plan i the 21t centory (ODF Repeat, 998607, "Cheean DAlling Program Lone Range
Flan 19392002 {ODP Bepor, B0, 2 The Eole of Fluids in Sediment Accretion. Daefocmanon,
Cinpenesie and Metbamorphizm sl Subduction Zones (MATOWNSF Feport, 1988V and the
Beport af the Secomd Conlzrence un Scientific Ocean Drilling 100800 11 Repon, 1987, The
funure perspeciives conceming these themes were ilso disoussed in the OOP-COMPLEX Meeling
i Yamzou ver {hday | F990

O he Meddengonsan Badge, il bovus b particalirly va the following themes:
= smbdicien Factory,
» siyles of delormation and propedies of the rocks diroush the acerelionary prism:
= goucce, Jistribuariong andd expuluion of Ouids theongh he coamples:
* influence of faids on the mechznical propettics of cocks apd peomeakilicy chapges with il
ey, stress ond siraing
+ oo evisival awd heml TTuaes assowcited will Jewalenng and scoretion;
+ deep biv-phere;
* fEcionic pIoesses and S20Smogenic 2anes,
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METATERRANEAN ORIECTIVES

Bosndes e above bosic aljoctives, elited w5 convergenl macgin svstecn, Ewere are s
pecalisr ol objeclives in e Meditercanean Badge socienoruy camplea, tial ae sl rcts
ter of discossiont #md Uit could be wideessed by deepodrilling. We propose B invesiigale deeper
el Ml v orelinnary Cinmples o lest some of Gee hypolbeses gdvenced on ibe hase of the recent-
T seywired observativns, datsets and ODP Leg 160 rasols, The hypothesss o best concen the
sdtun Like ol e comngex ad e processes volved inoms eomaton aod evisbation, e

» thickress and stratigraphy of the Messinian «vaporites,

« Ml overpressure ol the base of e evapocites. uid soucce. migratiion and expolsion;
* gomnpaction and dewaterng of the Pre Messinun sediments;

+ aichitectuse and evalutiom o7 (e sevietion:uy complex ecre g aher the bdessingan;
+ nature of The master decollerment;

* heul und genchemical transpont by Muids fronm Depeah he Messinian @vapores;

* Mexcinian forears basin on the hackstop areq:

= nature al significance of the backsiop.

The abeore tarmels coold be reached through deep drlling {of the order of 2 km bsfyon 1he
Meditenuwan Ridze comples. incltoding dndting through the Messinan evaporiies, (ks pre-
Meswinian sedimans and the wpol the backstop basement. The ¢dnlling 15 peelironary propesed
im w0 seleceed sies (Figuares 1, 2 the fronial wpper slope of the Ridge (Site &) and the inner
plateau-tackstop arsa [Sie B).

AVAILABLE DATA

aeveral seafloot observalions and geophysical datasets have been recenily collecicd in the
Eantern Medilermanesun. Pasiphae cruise 1988 {De Voogd & @f, 1992, Truffon o al, 1993,
FrIsMED crnse [Chavmillon and Mascle 1, 19%5; Chaumillon < @, 1996 Chaumillen sind
Mascle )., 1997 Musche and Chaumillon, 19930, MAST [1{ 1993- |99 panes projecis Mevs -+
fIntearaled mvestigation of fwid low through the blsdilerranean Rideey and Imerse {Innevanye
dMeditermunean Ridge seismic sxpenmens) Yon Heene or af, 1997, IMeRse Working =reup,
1997, QD Leg 160 (Roberzon, Ermers. Bachien sund Coane lenzhn ebs, 1998y mm] sealloor
abseryations have pros whed eaceilent infuination.

Thiz inciudes swath-bathymetry and seafloor obaervations, high-reselation seismie irmaging,
very good normal-incidence and wide-amgle seismic Jara. shallow ODP dilling, coving andd hear
N measceme ks

A taceeted comprehensive siudy for i underctanding of the Mediterrarean Kidge complex
was ponlicularly zceomplished by pacioer oropects MZDEIFE and IMERSE £ 109F5- 1996 ) [ Wesibaaok
efaf, 1993, IMERSE Working Group. 007 They investezated 4 300 km loog commidor. crossing
the entire western Mediterranean Ridge frarn the Sine abyssal plain te the Hellemic trench sys-
tem. wilk o multidisciplinaty sppeoach ha combined s=afloor observations with o high- resoly-
1ion mapmrg oF acausiic velowities and Seuciomes

Mareover MEDRIFE discovered evidence Tor exigmgive brine cirvolaton tuvegl the sedime it
af e weslern Bladilercanesn Ridge, inclmling 1he dizoovery of Uoes brme lakes (Westbyood, e
e, LS

The: main resnlts show as the evaporite deposits benexth the wedierranzan Ridee comples
hive a vaniabbe thickness. from aboul zeeo o the Medirerranean Bides ceest w about 2 km inothe
Inner Plateau aren (ME of the Medilerrane:n Ridpe oresd) These resalts pevealed much about the
internil structore of the complex, inlegratng with greater detail e vesilis foom previoos seiimc
reflecbon inyesbpatons. On the MOS seismic lines there s evidence of ihe Pre=hlessinan peere-
finnary wedge and possibly of subceeted Teniary clastics undemeath the fronlal par of the Pre-
hlessinian acveetvrnary wedpe (Frochn ¢ af, 1936 Resion ef oL, 19946, (Figeres * and 3.
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In the Inner Blaleaw arei, the bop of Megcinian almosr approasches the seaflonr in onrrespom-
deoce with dhe strucieres Lhae Toom the bring likes (Weslbeook of af. . 1995}, Beneath the evipor-
e depogits, 4 thin peashlescinn sequence s present of tap ol [he tackstnp basemesl. The
wideanele sepsmac datd {Tomes of of . 19981 show a8 e back-5iop has # togh velocnr., ingneas-
img Frosm 5.1 kmnds at ies togp 50 G06 bomds ai 14 bave. ard has 3 wedpe shape thar pinches out (ovwands
lhe cleft basins (Figues 41, Beston of of. 19960 interpred Ls wedzre a5 well-hthified carbonates
of the Reflenic nappes. The reflection dava conficns dee 1op of e basawznn ai abouk ihe expect-
ed travel tirees (Junes ef af, 1996} The eravily madelling aoeoss the Madiereanean Ridge com-
plex (Micnlich er af., 199, perionmead o the Base of available seisraic results and marne and
satzllite pravity daia, provides o well consteained mace of 1he deep soaciiees (Faeora 55, On dee
Inrer Platean area, ithe top of the backstop 15 at a depth of the order of 2 kim b £

O the base of thermechronolozy of ie high pressune Tow 1< mpemiiton: mckmsopdng aocks of
Crete. Thomson o @l (P80 1090 soggest that Crowe and likely the Backstop of dee
Meoduermanean Radee ane port of 2 npcrocobime ot w ek cmered the Hellenic subduoctien 2one n
Migocene Miocene., was buncd ac aboul 30 kin dopth and s sapidly exhomsed in Miocens
nrows Thes hypothesis sould suppom o Adrican arigin far Ceste wimd the backaeop.

The available dataset (ncluding a tull muolttbeam badhymetnc coverape akmyg the MEDRITE-
IMZRSE comidor and @ wide-angle retlection and miracthion survey) constilules o rercarkable sme-
survey that allows to iocate a few crucial driling sites on the tdedienanean Hidze comples and
i the Inner Plateay area. Dnliimg 15 expected b go Huough the Messinas: cvaponte deposis. te
pre-Messinian sediments and hopetully (1o the Inner Platezn arsa ) w the wp of thie backswp bagz.
ML,

DRILLING SIRATEGY

Dheep dritlng tn the frontal wpper siope of te Badge (Site A% asd anthe bockstop aren (Sie B
should dlluw to stady the Pre-Messiian accesionary wedze and the back-top, respectively, n
the Easwern Mediterrancan converpets marain sysien, 3 v preliminary deilling seategy for
each of the vwo arens is here ey outhned.

AV Acceetionary complex area: one transect of 3 hodes Al A2 snd Ad (Figures 2 and X

Al iz expecied i penetrat: the Messimizn evaporites (about 1.5 kom thick) 2w reach tha Pres
bessinian sediments undemplated beneith dhe Pre-Messimian aoceeiponaey complex. A2 iy abot
& km north-zast of A1, and is expected o meat the Pre-Messiaan acoeeticoary camplex iself.
heneath tive evaporite: and hoepafully the tecone: conect Betwesn the owderplated and accreled
segiments. A3 i near the soest of the Ridge (2] kmm Moctbeast of A2 and shoadd drill @ thin evap-
orific sequence amd the upper part of the Pee-Mestinian accoebondry comples. The three holes
should be abls to addeess tee tolkywins

* sheangraphy of the Messinian evaporites;

+ Pre-Messinian underpluled sediments and Pre-hiedsiman accrelinnany oomplex:
+ chanzes in the propeetics of rocks through the accretionacry pnsm;

= Inigh Mond wvepuessuse an the base ol evaperies aml prism dewatering,

* hydrotherminl and ¢ hemical flwges (hrough the Pre-Messinian ssdimenis;

+ stress regime andd role of the luids in the Pre-Messooian sediments,

+ gvodution mede] of the Mediemnean Bl aooreion

Br Backs%op arena and Messinian fore-are basn

Twa hodes (B and B2 located abour 1§ km apart and comncident with e posimon of OBH-
Tand DBH-3 (Figures 2 and ), 2re proposed. They srg eapecied 10 penetrate the Messiniam evap-
aries fabout [.5 km thick. or more} of e Messinian fore-are basin snd an urdefined thin
sequence (S(Hhie 7 of Pre-bessinian sediments, to reach the buckstop busement {Yp > 5.2 ki)
ar a depihy i edeess of 2 ke The holes will allow 1o sdaress the folowsa g seienrific questions
+ hlensinian evaportes and Messinian fore-arc basin ol 15 inner platean area;

+ Pre-Messinian sediments:

133 CIESM Woikghar Sesigs g
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Flg. 5. Frag aar qraditg enpdel progoied along the prondes -5 and IM-SA, on B2 baze of 1he croga-saclion
dbtaimed irm sekzmie resuis (Flg 23, v compared ko grashy data collected sdong eEASE ahip backs Mofica
the axcellent mabch bedween cabculated and ob=ervad gravity, Localion o the drilling siké |& réanlh tha Back-
chop isirdicated [Afer Micosch & a0, 1596).

« w0, dasnbuian aeed 2 plson of flwids throagh the backstop.
* Nud s erpresiure s the Base of evaporiies;
* hydrothermal and chemical Huses through the Pre-Wiessmian sedemenls;
» siress venime, mechumcul propectizs and ehe role oF Muads:
+ presence, nalure and sigmilecance of dhe backstnp,
The deep offhore drilling om the Mediterrunean Ridgs complex could broome of even rore

crucial interest if it could be integruted witk the decp contioentel diilling propuesed by [CDEF oo
Crebe ixee Shickbert o0 o, 1his volume).

Sitse the offshore deillmg weeers e an the wnient oon of he rgach o presen: drilling <apa-
Bilitias, we alesild proshably wiit tor more adequate drilling ships. They might becnme availahle
in the Mledilenanean area, in the nexl LY years or 5o,
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Dirilling an incipient collision :
lhe Central Mediterranean Ridge (Eastern Mediterranean Sea)

1 Mascle ', €. Hugeen ', E. Chaumillon ?

! Cdosciences Azur UHsenwoing Ovdanologigee, Villefrane havine, Framce
£ Ddpartememt des Sceerees de fir Tevre, Cniversitd de ba Rovfelle, France

The MR i a wide accretionnary wedge baving evolved dudng =arly stages of colligon
between Europs and Afidca, in Exstern Mediterrarean (Finetii, [9761 Numerows msults already
shorwed Lo b o probable comact wiih the North Afmcan maremn (Chaumllon and Mascle.
1987} wath rhick secnons of off-xerapped and deformed sediments piling up apainst a rigid back-
st formed by the Soathern Aegean- Anarolion contirealal miceo-plate (Lallerman of of,, 1993}

From previous swoath bathymetric datz aorcss the Westemn ME 1Fouciher er ad.. 19930, pear
hattom somar survess (Limonow 7 ad, 1999y, relracioon Cietmerse Working Group. 1997) amd
meilichannei 2&ismic datw i haurmillon und Mascle, 1U97), the ME has been shovwn b display 2
large waciety of Wewonic sinectures 85 3 conrequence oF Conirasting Tegional setings, Almeng e
facturs that comted ils devglopment arg:

¢1) Rewienal knematies - This inciwdes the relstive motions of the twn mapor, Afnican and
European pdates, and of the interfering Awarolian-Acgean microplate. & three plates k:nematsc
ricled preclicts a frondal compression along the Svathwesiern sdgs of the ME and oblique con-
werganue abong its Soutfeazrern domain (Le Pichon o of _ 1595]

23 Mature of the sebducting Lithosphere « 16 is likKely al e deep lofan $23, an the Southwestzmn
comer ofF the MR (Truftert & of 0 1%93] amd possibly the Levanune hazin, Southeasitwarl, are
remnanc: of ah oid, Mesozdic, coeanic Alncan Lithosphere subduciing benesth Burope, ‘[he
Centrad ME, hrwever, betwesn Crete Islind and the Libwan connasanral miacgin. 15 though te
recand The effecty of corrent collision: between the two pussive Atrican and active Aegean omti-
nental Mg ins,

(% Matuve and thickness of ingoming ediments - Large portions of the ouler BMR, within the
lanian snd Levanling hasing, resnlt From thrusting. siacking and progressive fokling of ihick
evapanbic sediments imctodimg balite (Chaunnllon eraf . 1996 The evapmnite Tad bean deposit-
el 1nkeep basing dunme repelifive dessication events that aceumred v Mediecramean sea n -
cit Mincens (hessimizn, & bTa ago pecg Byan, Hogoer ad, 9730 Sech ductile layers may have
provided panicularty afficient degnllament levels thit huve preatly increased MR Soutbward
development, since Fliocene i, Bastwand. towards the Hile deep-sea ‘an. the increasing thick .
ness f renenl sadimsniary cover has also been shown o contribute o defmationg earliong
s Along the Faztem owler ME (Chaumiillon and Masela, 19950,

1349 CIESM Warkshen Sanas uF
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En RTarch 1993 and i bebeary 1995, we have conducted two underway geophysical survey
GE iaepe poriions of the Exstern MediteiTanean on board the RV Nodir gnd "Alafame {IFREMER)
oesprectively. These sumveys werg desianad 10w esigaes |

« Far 1he firsr one. the desp cealogical structores of weveral aread of the Medilertinean Ridae
alnng rezivnad lines. vsiny s mulichannel seivmic eguiprent., 2

For the secnnd onc, to wnalyec, at a full Baflypretric soeeruge., s Dl wes inferred represem
diferer structural sethngs ard rnajol sedimentaey prnccsses thal compete 10 wmpnat and hape
the sew Noor of the Eastorn Mediterrancan and on whicks s of the mnulichannel sclscic refec-
o dala wers arvalable (Chaumillon cr al . 1904,

Thes paper Focuses on the el ebamed on an spproaimalely 250 km by 2000 Ky o o
FOCHL ki ). ez o O t2d Flodr, which vovers most nt the Ceneral ME (Fig 1) that we heligve
1 retord the wodel of colison belween taa magor congmetial plales, Aflnca o e South and
BEurope 1w the Maorth.

Cruring Prismad T sorvey, roufichannel dara were collected oxing an aray of GG AR gon and
oy ded throses 4 % chanels siredner aml o Sercel soquisiion systern. Standard processing
wi mAade aboded using 1 SPW processing package and, laer on o m Seasbourp Seismic
Papcesming Cenler, peing 4 O0G Geovector processing package, Few lines have beer ne-
arocessed an Geomar For pre-stack migration ateemzis. Demils of difa processing ae given n
Chaumaflog &5 ol €199 and 10 Chaccmallon and Bdascle [ 18957

Dwring Peashicw 1L survey the scafloos bathymelry and backscatler imayes »ere magped using
& Simrad EMLZD mullibeam sysiem with 162 beams, providing £50° ungular onverage over 2
swath of sealloar wilh an averspe of [5 ko wads beneath the ship, Such scowustic dots resolved
seq fogr decails of harizanal aml vecical soales up to 20m. The seismuc sysiem was comyiscd
of a0 O airguns and ancsix channels streamern, both tosied a7 modeplh. Provessing was imad.
usenie it xlobe Clurizs sofoware.

SWATH BATHYMETRY

i pilon shaded vieswes [Pz, 1), Oee sirrseyeducea clearly shows major niorphalogice] arovinees
wert] wdinagtersad oy distinel baibymetric fealures and trends.

From Soulh 10 Norh, we secoessely reoosfnze:

- The Mo hwest-Southeazt trencing Atrecan conlineniel slope; locolly the slope appears cul by
deep canvons, panioularly just Easl of 24°E, where o Morthwest -Sourheast direedion i irend wiily
the Eastern submwraed border of the Cyrenaica promontory ofizzts (e slope moveards Namh by
more than 50 km.

- Diseonnected from the Libyam slupe By nariose, Normhwest- Sootheas onented deeps, the ME
from of Jetoemiation charmrenzes ciehas as am dlros bnear agd Sieen escarpment or (West of
MEE b a serkes of small cresceor-aka seamps.

- Tl e Floaw o the centrad ME can e divided im0 several domains. We ficst observe an outer
regivn charactenyed by imrportanil bathymetne irend variabiles. Small scabe ralief in rhis
regiom, Fast of 24°F, is o the onckzr of FOEE meand comwcses, Tomen nes elomgaiead 110 sereral
. m Mo hedst-Southwest rending features. This ars @idens o o few bm, 5t 74°F o abont
BMEkmin the Seaithensdem comer or 1he sorvey e, where the e Aoor forms irsgolar, corved
irench abvg which more peemeunead ones dud appear 4 feolnw cioselby the varioes divectinng
of the nearhy Soetthern ARicin confinental slope Finther Neoath. the ME exhibits seme remark-
able morphedagical characteristics, To ke East. W charagoelises by a very penile surface whee
only ~anall and sobdwed =ea fioor Fracres oooue Towards West, howesver, panticolarly West of
Z47E. the s2a Moo shows a mouch wore complex marphology in o significantly shallowser argu
(KL weder depilt en averazel We observe elongated ind carved features aligned in a Maorth-
Sosurh trend and o series oF F o 2 b dimeser cones thal delinear o Northwest-Southesst o -
enled Bell #nding neac 3310, 24°E. Moar of the bathymewric feawres Bere appear to partly
reflecs irend varations devecied along 1he Southern ME {tont and along the African slope more
Ehaum 843 kn sy
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Fig. 1. Shiackead byl ity ¢ thee e:.&mual Mecaiatanesn R (B wdh Inlerprabad sboochural ha aBures and
mapbalegic demaine pashed Dak paldhes indicale e loootlone of mad wobcarsca aned ralabed measd

| L IE

- Mooth oF tus ourer re2ion e MR contams nemescus circular Teature: (sevecal L damelzes
annd & Few hundred -, in elevalions} These are soncentrded o owy main ageas wiuch comglae
weilhy the mud voloane Olipapi tield {Camerlenghi ef af., 1992} and Uniled nalions fed iLimanoy
e gl 1999 From ke Peazmed I survey these features appear o e far foo0e abundinl than pre-
viously wnticipated. Zones of smmall peale sen ooe fedunes se2n im this area do nol display any
weell delined memdl. As an eiception same "en echelin’ features KoTm a Monh-South boundary,
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approumidlely alopg 24°E MY, betasen the shivlower Wostern ME ared {avetagiog Joss dhan
A0 am depth and the desper Baseern dovain which iy an avergge cepthoed 2400 m, Furher
Monh the ME wopoEraphy is chavderenized by targes scabe crescenl-'ike relet, expressed inog series
afl elongazd basing and towdesing hoghs, These relicl are believed to delincale 3 general bagk-
Trustime of i MUF against o2 prodacble conlinental backstop.

- Juer Morth of the backthrust. the bathymeiry is deeper and charnetericed by o geemle @nface
stighlly inclined towards Monb, The wrea s, wovever, broken ewhar by Locad Tmpssretant reliel
t Western area) of by an imegelar patiern of jsdated depressions< The Mortheen marging of this
probable 2ackstop 15 bounded by shahily curved und genile gope egments Geing o series of dis-
cunnected deep troughs that consiiebe the Pliny {Hellenic) wench ~wsten.

= [ncamgent o the sucs ey area. 3he Fliny resch defimes e bose of the stesp Crele island coalines-
tal slivpe. with 2 senes of deep. almost disconnecied. “ocn echeton® troughs acanged along 3 gen-
cral Murthess Southweest mond West of 24%50C, however. the Pliny ieench progressisgly vanishs
te be repfaced by shallower amd vory narrow depressicns wosented roghly Moot e st-Som | g,
beiween he base of the contine mlal sope and G doe bac ks acs,

- The Cretan continental margin is formed by 2 sevies of high standing aml massive Blocks boumd
od by very stecp cliffs, and slope basins, The main mopholagical tresds are similir e thuse of
the Pliny Lrench sml Westerm Hellemis rench, but Morth-3outh dicections ane alse common espe-
clally along massive promonicories shich discommect the Phiey frenck mio depressions.

ACOLSTIC IMAGERY

Backscatter images recorded coneunently witk: multibeam abymetry teveal or eabanee boi-
1oy and subbottom features not well extabdished froe hach pimetny. Afer cabbard procemg and
[urileet reprocessing vsing the recendy developed Caraibes software {IFREMER ). the backscatler
ditta can be correliated wilh the bathymetry tr assisl in the suhdivision and interpredation of waris
o5 conlrasting lerrains.

Thee Alncan aad mdst of the Croelan contnemtal slopes, as well as the doep arcax, just Morth
al The ME, are wieak bachksconer zones, Bxceplion o thes are amas of steop slopes. for exarnple
where canyons cul across the Alican slope or the rugged rehef of the Credan macgin, The lop:
af the Cyremanca promoniory dsplays evidence of recent Morbeast-Soutfwest irending Taulting
that can be detected over more thon 30 km bl the main slope offset ot approximmety 24%ELD0).

The MK shows rather contrasted backscatier images. Ny outer domain displays a series f
clomgaied zomnes of altematively high and weeak backscabier that js clearly comelatable with wen
Haor ealures already delecled on hathymeiry. Closs msoeclion of acoushic ima@es. however,
reverls detads which are pot appacent on the bathymemry, The mast intriguing of thess is o densw
aridof conjugae linearenms < sz suning most of the Eastern, triangubar. ey dodnam, We intee-
pIEr TIRewE s sl ) T mges oF ik denss vk of Tau e vhat cannod be detected on bihyineery
dare 1o their very Iovw relis’. We hyporbsesize thal hedr ST 2000S0C B Kscallir miy result irom
ilonds refease and the related cevelopment of scallerec carbonales crusts along the faull paths.
Morth at this domain the MR axia dwmaio exhibils teeo large and distingl backscaler termams. A
Smuthen provinge is nearly homogenenss acnustically, with the exception oF scaemd pusis
and higher backscatier 1rends vhal can be coamelaned seilh banbe metriv Tealure: The Narmhem one
conling several imporman; imegular 0 subgirgular feamres (up 1 13 hmin some sises b with sery
figh bachsvatrer, Coampirisun with bathynrewic Jdua inedicae thag ohis high b kecome: impges
worrespirid wonud soleamroes and abew med 1ows,

The more widespread occumence ™ mud solcanoes on the ME than wras previowsly 2niici-
pated 15 infermed from occurmence of both the bigh backscatler acoostlic signatere and cocre-
sponding charsgieristy rehef asseciated with keown mud volcanoes. Prsmed 11 resalts
demonalrple thal mukd voleannes are not randomly distributed The majonty of hem ocour, 23 sun-
gested pras da the survey, iF close relidionshap with thrusting. The data show that the two main
fialds 4+ Oimnpd ared Usmited nanjons i are Jocated gust wivere the srferned hackstop extends further (o
lhe Sovwth. This sugeess a eegional increase of weud amd 1Tuids being foreed apweand o the ses
Huor ite it constquence [oom ibeeeasing intersl peessure e ME, The acousiic wnages akao
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gwapesl tha! complecemend of some mud wodcanoes. such as the nes debineating @ Nonth-South
trend along 247°E, muighil be relatedd o mechongsims other rhun Backihnesting such g: transcument
Taumnp, These Features dee nol ghargeense on bailyasetry as cones but radhver as srrcgular and
sehducd hills. In the acouslc imagery Whese featares show up as iivepelar patches of ligh
Fackacarret which ¢an be wa o 15 kon loasa, O cluser edemnnatwsa, oome mey cbseeye dafferent
kackscaret dearees, From hieh oo weaker, Follim ing ¥Yolpin and Woodside < 19903, we imerprel
sl backsentter varialaliiy a8 & conieguence of suprposilion ol successive mad flow events, the
Eslese [lew Deing characterized by hghes) bechscanee

SESEMIC BREFLECTION DHTA

Pricesaing and detiled Dmtempuetiation: of 1he Pogoed 1 RCS prafiles sie sleady poblighed
[ hammnillem o ot 1996; Chaumallog ai<] Mascie. FG97 Masele aml Chaomillon. 1998) The
AN ko o aziennie dana collected daring ke Prismed 11 srvey e st in o amalyeis Here we
fiwng nhly an nesalis which are relevant io hetter characlenze. in term of defomm ational styles.
Ml thifferent sea floor domains rocogmized on swath hatbemed ey and scous e inmeery

The Advicaw corinemlal 5 lope appcars s o Uikck wedge 8 sub Iorsenal seisiom: vk, eider
slightly ndted towards Sawrh, Wesl af 24°E o gently weclined owandy U Monl e lsewdere. 1
roany atcah. al pariicmbn [y a; e Soudieastens wamen, Uwese g may ke distingoizhed ke diss
tance up to 30 ke Dencatie the overriding delomnel wedgs of M sedinears

The RIE Erond of deformratian, fecing e Crrendicd promoslory. Jx chavsclemast oz o narmow
telt ot slacked theusts and accompanying small pggy back basias with frontal sedimemiary
slumps wedl displayed on MCs Jaa (Chaamiilon aed Mascle, 19973 Fasiwasd, the ME oeter
TONE APPenrs @ progiessively widemng fokded bell. The tolds, whick clearly allect Messinean
e pogats, have 3 MNorteast Soutkwest trend. They ane ollen 5 fecied long sinke by reverss fanlis
and are 1lensively cut by i comugate setof normal tavit. Folds smplinde end weavelengil g
gresseyely mcrease Easivard, 35 4 direcd conscguence of progressive thickening of ihe ccend,
Flhiccene and Cruatemary, sedimeniary coves as well illwst-aced on desaed swidies of mkichan-
nel seemmic darg Chavnntillor and Bascle, W95,

The au3al ME rogion s self seen as am almost reflecting free terrain, with ehe exception of
Hamtow [eclonee comudors dhruel and wrench momed). This inengning abservaling. fogelher with
the abwinee of any =ignificant ehiel (with the exceptaon of 2 el of small vones podentiatly misdle
of exbruced mud), and =n average very weak bachscatier, remsin Jifficuli te undersgand  As
explinakions, we suggesl, erther that deformation is chiefly comentrded imto pamow ety oor
ridurs, or more specalatively ikat (he sedimenizry pile eing stroneby compressed theee i 1eleus.
ing i kirre ool of fluids which, in . migzht homoeeenize subbotton acastic reflactiodn,

Furher Morth (w internal tecionics of the ME can bener be imuged  Thoest planes are
wbserved which clearly comalate witly bath yerveiae fealares suel as backrbreest rel .

The decp subseed reas, il Morth of thee Backimiost, infeered o ebong e 1w backsop, con-
Lin a relatively thicg recene coven sbone etlocior similar 19 thas of the Messiian 1M relkecios of
Boran ce af., 1973 We heliewve 1y backsiop, @hech gy be made of a celidovely thin Su perposi-
Loy wf Perimen alpine wappes (Latleiiant e a, 1%+, i progressively defomming and illing
Mo vl D, ds i soeeguenue. its posi-biocene cover might be gliding Mosthward using the
wlderlymg Ademaimbinn svapuries ws o decelicment level, This may explain soms specific mor-
pledogicel desiuee e apparert Tow stroctunes and caensional 1issuecs.

Selzme data are not of grezt help 1o Better detine the slructuie of Pliny treack gl asseciaied
troruplii. They show po evidenees of thick sedimnent indill woe of Copical Messindan units, We ace
miclined therefore b mierpred the Brench as & very poung featurs thad his deseloped a2 a kind of
actve rEmiform crustal brundary between 2 thin vontinental Bachstes 1o the Swarh wnd a thick-
er dird rndre nigid pule of atpase units thal oraxtitile the Crete cominental maegin e the Narth

THE CrHivgAL ME, AN FEXAMPLE OF INCIFIFSNT COLLISION

thicgration of seismic dala will detailed buthymeiry and aoomstic saagery ollows 10 berter
assey the different dz fomeational styles thit characterize this area of the Mediterranean Ridee.
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Besides obypows difterences in width and in balsvaywetes, Use two 2urieys of the Cential MB
teved Slrong ormtrasts an sreoctures, West aml Fast of 24°EL0°

Tacing o Ssalhwsard mleed Alrican eaesin segimnent, West af s merndian. the ME is charac-
el by ccemples pacte-n of sucloce and sabldlcom deformations and teclonic Jealurss. This
Wacluckes 410 o senies of sticked Trontal et (21 1he presence of imner Lhnasws Whal seen o refec
e Lilvwan pangin v phialogy roece thae 80 konaesey, 030 Ronh=South sl Moethseezl-Soutlheasi
tectrhie lipcaoeens, £ o beloaf smal! mus) comes which miy be mud wolcanecs. (51 widcs pread
muck oews aad (6] magen crcsecal-Tike Tackthmmss oe the Morth, Morth of thes MEB arca, a deep
subducd Beckdtap appeary queite samrees and caly disconngsicd (rom the Cretan ook rental slope
Ly Faivly nawrow and shallow depression:.

In congrst. the Radstern MR Hase of 2°E, diplays a more omganized strucloral patgem, cven
rhewstzh vomeprlese o odeta ], "Lhese the oo ME domain, which faces s gently snclined Afdcun eon-
tenenlal Slope, lwews a3 g progwessively basiadnd wideniog tidded bell, oross cut By o s al
wppatrenl [y conjogane ranseerenl Joaas. This demamn g disconnected fovm an almost fac axal
ibrew, alao ceoes ciEl by finear tectone comdors (weench anmes ¥ by 3 series o thusts, Finally,
Murth of this enegmanc axal dumain, extends s wide reginn chielly characterized by e 190,
Dtmpi and United nativns, mwd vulcanic febds, amd boamded b the Morth by oeekifiuse- relaled
[ [T

A5 e hyprahests ro be rested. we pevpase thil the specific delomativsal paitem and soruc-
el e nifs oof Jhe Wosdern Cenetral MR rebest explaned by (he oaset of collisem betwasn ide
Mesozoiw Cyienawa-Afiics passive codinemal margin, o the South. 2ung a3 a conlinental
mdenter. aipd the thinned edze of the Cretan marein hade of staked apine nappes. Sucr colli-
svrral zelong would lead B irvereasire deformation and peocresseve uplife of de anere oore-
Hoaary wedze: Jaree sonle crustal Bwebling may be expected o oocar there, The seological
ICnrcs, seen on the Enstermn Centrad ME. would be i resull of a cluefly oblique converaemcs,
betweett Alricy e the Anatoliongs Segen mHicioplate, aclive o i thick pile of pre-Mestinaan,
evupuorie-bearing Mezsinian and Pliocene o Qualemdry sedinenis.

We helicve thag this surve) aca of the Medilcrancan Kidge andyy oo wesend an Winegug Cpps -
ety Tun sresdying nteal srages ot coliision betwoon 1be passive margsn oF a magor plate A Lea)
acting as a conninental inderter againet the wetive macgin of siedbar one (Gwope). Mo dac,
eapecially wide sngle and decp penctzuting RICE seivnic, oo Rowever, noeded w beller 255669
ihs wature amd aschuleomare of the underlyiees Bthosphore, and o suppon Decp Sciviniific Evilling
aperalions 0 s e

LUrilfane Jata are crocial oo beter drdersdand the meckanigins snd Ayles of sedimentary defor-
el inn, (R codzequenves on geeschesic] fiuid hudrel aml releass, e evilmte i ik strezses
ard Foaaily. to establish, or rejeci a nesdel of inpiznd collisioe,

W propose o peomote  weties of drell sites acrogs thik area of 1he ME. foom s tacktheust o
g presewr day Ironr of deforwslion. Such 31 iranseet could sisaly be part oF & nsre extensive
drillivg srealegy, wocluding onshoan sl offshare dnilling profeeels . from the Cretan Sea eatens
s30rtal homiin ke the MR bk e
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Backstop hydrogeotogy and deformation mechanisms related
to incipient continental collizion and exlnanativn processes off
Crete, Kastern Mediterranean

A. Kopf 1%, A.HLE. Robertson 2, E.S. Sereaton 2, J. Mascle !

! Géoxcicnces Az, Villefupacha.surddeon France
Z Delrm.lfmem itl_'f'f-l'r-'q'i'.l'r'.lg_'.-' el !".m]-:.i;}-n'.;-_q, i."nr'ps'rmy ;}j'FﬁflrI;Hrghl nE
! Deperripend of Geolagy Driveesies of Floricha, €151

We propice 10 drll a tranmsect ol three sitgs sowth of e wlausd of Crere {Eagem
Meidsneaneary) [rom the perthert pant of an accretionary o (MedRidze) acrass 118 backstop
b G Ml Dollieg o backsiap Gor bualressy sening is pow esgennal 1o clucidare lundameniat
fluid Mlow provesses wnd deformaion mechsnisans Wil an accoeliondry prsin. foliowing gro-
playsival surveys end aiaing modsding, Veriability in huid Mex aceoes e wedge W iks buttress is
bbely o seefluence Nuid bodgess of ehe acormionay comples. Specifically, dowatering along hin-
ter Liad backihousts could dinvinisls Mg seaibable oo migoation abang e scoretionacy dévd le-
micel, Tlee wiea Svuth of Crete is selected maidly beause e Dok =xting i well imaged.
SxgeadiDle lr drileg. and comprizes lidedogies of diffeeem davelogy, age mad vrging The etis
be g o diwe b kstop 33 seen a3 a conseguetes of o felatively shoa-ivel cocde of sufsdustion slab
Preahlf, uprise assl Uhrvsting., accompaned by normal sl wehio tbe forearc- gk {Coetel
amwl certion further Svath fhdedtidge).

CGienerally, nesily half of the sediment preserely on 1he Bitths sealleor conmverges Wwarls
active onfinerta mrging as @ result of plate kinermnatics, These sedinems enter scenanios where
an e plale s subducting elew an avedidimg plale of continerial crust. The dynamic plate
bowadury 1x characiersed gaomarphalogicaily by & fesp mea ench (nften several km ol water
deptht seismically by o Tandward-Epping zonz of canthguake acuyity (revenily bnown a: seis-
megenie smel. tectativally by regional scale faviting amd tanene emplacereat, aml mapmati-
calby by helrs of ecoptive actrvity {wodcanic or isfond arczp. I Lhe collision zune botwesn the
Alrican aod Eurasian Plales Betweon Libvis and Greeve, &n alrmost abeeni trench 15 the southem
lindt af the wide MedRiige sceretivnary wadge, wiich in i is bounded 1 the porih by ihs
depresiad. overtidden (nner Kidye backsop os well as a forcare high, repnesente by tipe thist
stack of Creve. The Cretan Sea, the voleamic are (e.g. the wland of Saptorinid, omd a back-ae
basin. ihe Aegesn Sea. follow towards the hintedand 1.2, Nerth), 10w svbduciog 2ome, an wone-
Lionary wedge Forms oaly il material ansfer Brom $he lowes o the apper plate aucues. In ordec
w alow tais, o mechanical ubwtcnent (the so-calied backalep) te the subdacring plate is ioerdihie,
Thts backstop s ¢ mrechinival zathes Wan geotogical feature, aml it iy defined by s dueotogy
et oo ifee priceed i than anythiog else. Ofen, it ks o clear bodadary 1w 138 prizm, eape-
vially i cotiverrence s gomng on (o sevelal million peacs. Therefore, the backsiop setiiag 15 mol
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Ol oF swhat i row relened to a5 the subdoction factory, bot has Tees shown we play 2 cru-
wial Tole 1w dectonic dewalering, conieol of deformation. and the overall geomerry during these
Fundwimzntal mourtam building processes

Howeyen o bocksop has e yet been tugeded m e Qoen Trilling Progoun af all. Thers is
avencdy of reasons for g3 aeglect, and Lhe inan oee may be s ingecessilniiy [ar study by deep
soadriliing, T vanous sellings, the boilress G ciller onaloese (Nnkad, dokran, Caseadia, patly
BusbadestAniilles), covered by thick hasin Fill, buried by ove tawmwd twws sheers ¢4 bshay, ks
of Burbodosh, o7 comaprises rigicd ¢rysiabline crosial rock ey, Pere, Chile, Coss Bicad unsmlable
fun detowmation siedy due i e conrraste i rbcolepival beluaviogr, O other 3amnd, it has heen
dhemcvzinaa] e Tuinermeg ovcasions ilul, an vesule ol e aleady decreised prve space iy the
bunkerbamd, Ui biwk=lip rs in aca wlere excessive pore presares and vul-oi-soquence e
vecur Porc Faads ave ciber gesseiated B aainerel delydration due w burial, st sfelen-
ing and Jagerwenis, o igrate o deeper levels Qwowgls the Taolied Docksiep This can vither
Fre: thae ecolicrment (], comsegquendly, = comrection Lo ire apdip Tiaw of e sismopenic sone},
v Froum wnchertlirust ape] anderplated sequeives of ¢ ven alierated cocanic ezt eneath. Fanlting
(il comadue live Flumd fiuwe along die Ga 0 plienes) asd mod velcanism are possble meechadism o
expudse e encess pire woales wwf gie s Lhat ey presvide @ indows sl rowch deeptr sealed
Prosessg,

Bor the abuve ceasoms, we have seected (he Mediierranean Ridae bacavse it s o 1vpe avas-
ple Of un decrstwmary presm s 2 serting of incipienl contiaentat colisior, and it axhibis a wide
backstop area that i3 accessible fe drilling. As poioted out by athers, the majority of the deep sea
irenches gre Gillicel s acoess (Le. 5-7 b depak), and the zeomeny of the wedpe 2l does nod
aliowy pepatianan anywhece oear the décollement oF seismogenic 2on apart (oom the Ioe area.
Fhe noe, Brwever. bas been sadied on gumeraus oocesion:s. ad what bas been leamed iz 1lar i
S oomly par of 2 moch wider svstei, which 2 impossible 1 veparate From its hintedand, The
averase Jip of the forears shoge of acerelionary prisms varies from several £2-3%Y w op wr 18-127
(e batler vilues abong ercerve margins with high bossl frictiory, aed the aneles of dip of the
downaomg slab (b indicate that infuemation segaedisg the deeper pard of the backsiop as well as
the plate bowadary geoche sy and pure pressunes are unlikely 4o be reached by dnlling in most
soe1iart0s (e the Lrpical subcoction lzenches are 5-7 L deep, like Mankai, or deepes’. By com-
panson, i the Easlem Mediterranean a shillow Laper faeb) iz seen fic. rezarding the wewdibwide
range. 1he hledRidge « ol e apper. shallow-dippiag emd bor both anglash, Consoqnealy, saing
16 i engelenl repional fRmewoek of manne geophysical data and previons dol diz O DP] eg
[0, ard paven the wealth of land-based infiomation frem Crete, investgation +f the bac ksinp
structarz| and hydrogecdogy in the Medilaranaan hie heen identified 10 be o high-prioctty targe
for deep ez dnlnge.

Az s bewn succeastulby denwn s, e sody of provesses which are bighly venatle per-
v ibivalar We alihe 5 ot clEcacilly s abagg aesects of heles, We thetelore propose o
sgnies al Iree site: Jowlh of Crele, covening (e arca frum the norCwerm pam of the accreliomary
prism (with ibumbant beckthrost faudting and mud volcanisin actoss its backsiop [bnoer Kidge)
At b Soritie-igh el ther Sretan seagia v i Mo, Vacabziny in fluid fiux sonoss ihe wedlge
W i imuttres o ke |y L imfaeoce Aol budgels of the socretionaoy comples. bul also atfects 1he
defomnation mechanizms. The area south of Creve s selected mainly becanse vhe brchsiop se0-
teeeg it well imnayged, secessible w dritling, and oompies Tinndogias oo differenr roology, ape
and origin, Dwspive ke Foea chid e 2eCeamic suudion 1 e Easeem Mediterranesn b5 raker coms
Plicitted, 3 suober of chiravlerisib amgent: provesses, namely imbricaiom s 2o venerel prt.
uut-u!’-:acqu:m:: Ficults (backshopt, and exhamation and cntal dhianing L Hesre-bizh of e
can be sudied. In order o add information g0 what has been gained fiom the ODF legh drilling
bogs o pocseliorary prisms, e three dritfaiey ave taegering e backibrsted. landward pact of
fe prism. The backsiop, and the howat stk of Crewe, respecnvely (see Bipune).

The history of the hacksiop itgedf can be envisaged very simpty as rwo pliases, which subse-
quently Tead fo 1w demaies #itde e buttress. O Ceelan maneio fomeace-high and the [nner
Ridge.
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Fluid flow throueh the foor of the Eastern Mediterranean ;
combined obscrvations and experiments
at the sea-bottom and in boreholes

Jean-Paul Foucher
MREMER, Pilowzared, France

TRTRODLUC TN

Reconl leld observations made in the dlediianmem have revealed & 1anery of aclive phe-
nomen:a of fluid flow fooagh she affoor. The Meditecranean Ridge aoeneliomary comatex in the
Eastern hicditeranesn basin is coe arca of particulady imtense fluid Aow. Fluid expalsion
through the seafloes oocurs theres 10 asocataon with roed volcanism and zbong deep actree faits.
The gl activiy oF Cuid flow phennmena i the Mediterranean Ridge o prbahly divectiv el
ed du ity peculiar tectonac setting The hegitning onlfjzion between the Afvicin and Barasian
plates geneTates [arge compessive stresces 133 the Edstern Medilermunean Buasin. at the ongin of
an eabapced defeoranon by fiolueg of the Meditermanean Ridge accrefinnary comolex
Conzeguenily. dw Meditermanesn Ridge seaflonr affem many apponanities o obeerve and mon-
itor flunk flow processes assnciabed with an exepplionally aaive aphsurfve deformiinn The
dynumicx of gas hydrale systems, the rode phayed by Faid flosy inthe tng periag of leree sediment
slumps, nryet the interplay beteeen microbdial Bife amd acvive fuid ssepage, that are 2l ead Aowe
selated processes of ereat sclencfic imteresl, can be sddressed i the Eastern Mediteranean.
Ditlang the szalloor is in iopoeranl coropoe:e ¢ most comprehensive hield studies aimed ai an
experimenial inwestigaion of those provesses.,

MU vOLCANDES

BIud valeenags are murimerous in the Meditemamreas, They stand oar g pulches of high oflee-
fivivy vr ficestic images of the seaflonc. The high cefloctivity Bas hoen anterpraned & o dorne-
gure of the prosence of clasie in the empcd ved (volzin and Woodside, 1996 Alnendmguer
imd Gualbon, 10T Rasrd an the jdentificaion of Ligh weNectivily patcies, over 2000 mud wolca-
rots have beon mapped on the Medbemanear Brdge {Foucher ef o, WR) The high 1clectivi-
ly paiehes define & belt. approaimately 3 kn wide. of mud widcames an the pizm-bachatup
boatdacy. This belt mcludes the Pan i Tucchers, Proomethge | oo 20 Olawps und Unaed
Matons Bise mwl dome fields. Mud soleanoes in this aca heve Erosel) M1 A aril <l AR
CORErACLaN of e prusen agamet the mgid bachstop.

Two mud volrsnoss of (he Olimpi mnd domne beld, Mapoh ind Milaeo were detlloed dorieg
UL Lo 160, Unilling, data indicats shat hydracarbon gas is venting feom the crest of Napaol: and
bas wins 2is0 detecied on the crest of Milano (BobaesTson e eof,, 1998 3ubmerable obsorvanons
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~ Networked observalions
in a borehole and at the seatloor
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nude g the FrencTe Dol RTEDIEALT cxpedition fuctbeer mcheage that brisic resmpe i active
ran he Soap ad Bapali, with Tremation of several shiltow trne pomds (Fracher, De Lange #f o,
[LEATy. #FDALIT nhaaratinns 51w show il hwdeocarbon pirmes. with methane comignt:. i to
LW times thet ackgeonnd valve, e prosenl 1o 1tbe winer cotomn ahose e fwn woloamoes,
rhs confinmin g active degasaeg thrauzh their seaffoor socfaces AcBEve find expulsion i neol
hmwited o the Oliapi fieht paud voicamoes, Intense derassing. with the presence & he v der cid.
urne o # large methane plame has il baen observed at twe surface of the Amsterdam mod .
vano, in the Ansinander rmseilaing region, Soutl of Tuebey. Avtive fluid expulsion. with kigh
nzihine fluses. could be s major ledmre of most Meditereinean sod voleanoess.

CIESH Miorkahap Semes "6

184

e
El '\.lilin

o

o

]


https://ciesm.org/catalog/index.php?article=1006

mOLH

xusioer

i

WORKSHGE ON MENTEARANEAN SCENTIFK DRILLING PROSPECTIYES - Grandds 1092 Jung 1950

Mediterranean mad volcanoes contain pas hydraes, Thes bas seen demonsirated by predin-
nanrr corg sarnpling < Woosdside e af,, 1998Y. Based on the temperatere 2nd pressere oomdiisms al
e seafloor, methane pas hydraics ane predicied b be thermedynamically stabBle g e Medis
ferranean sediments below 1 km water depth. The karge methane {luaes threaah the seafloar
inferred feoon the ohszrved mathane plumes in e wates 2olomn GveT massive ™ethane gas
bydrade Jorraeaon in the rmwd voloanaes, Transeem MMows of waem fluad or episodic o gradoal
ircreaies, of (he sea-bottom lemperatace could prodduce maner events of wae ydeate disoeiation
arnd e release of laroe valumes ab dree reethane (el ke waler cidumee. The amauae of pag
Dydrale présent amd e stabilitefinstability of the gas hydrate envicoamenls oeed b be deer-
rriced.

Bakly iereirs of i voscanism viseted during the MIEOTAUT expeditiom, U Chimge mae] el
and the Aneximander inounoanas, show extensive macrobiobopical i nvity, with abserval wms of 2
wiriely o macoobial mat=, Filamends o agpregates, at the scatloor. Theew amierobiolopical process
s mbetplay with gonlogical and chemical phenomena in those arcax s sill pearly dertemmined
tCorsclli and Baszo. 1M,

FLUD? £ XPTI AN A LONG FATILTS

There ure szvetal bnne hasms in the Eastem dMedugrranean. Several years after the discovery
ot the 1'yro znd Hananck basing, the MEGRTFF consonliorm discovered three new [zrge brene lakes,
e Lrzma, L™ Akbanie and Disoovery hasins, dmong those, the Lrznia brne -aboe has receivied
comnsiderable atkentiom (MTAYRDD comsomliem, W Warme brinzs have accemulzted with i thick-
resg of ower 23 meters ao the western pa ot the Dlrania brine ke,

Recent submersible abservations mads durng the MEmsa17r eapedivcon allow disoecry of
tre Machr hoane [akes Tocsded o 2n active Faefl hinkang wobcznees en 1he Obammp mogd dime sice.
fanciade, Mascle ezl 19990 In additinn. the sl unexplored Médée brane lakes lacuied il the
prismn- heack skop deansition: o the Soalh-Wast of {Crate, corled be she largest ever imnd gocumike-
liors of hrines in the Mediimrmanaan Sea (] alleranr o af | 194K Several hrine ponds azre alsn
ansnciated with hrine seeppa thig bomod wolcanoes, s shown by The presence nf brine ponds
om Mapwes (Frupches, Te Tange eraf . 1999 and Mavistore (Wieadsisde s af | T,

A current hypolhesis for the fmation of the Meditenunean brine kekes ix Lhat brire-forreng
Muidy have mjgrasd fion dese ovepressurad luwioe: ol Lhe BeTecdite anaeien Fidae accretovary
eoples. wr ks sealod, Flow of those Muoids theoa gl Lhe Mesiniin evapotiles apgoe s o be
reyuired wr Bownnn e brings. Degp fawle cueiog ferougl itk Medidemrancan Ridge wscnsiooary
cunples woul) be privileges) pailvweys e Aeid migramoen becaose of tein Tigh peromeabilily.
Bringy wiald avcwmbare i wopographic s of Uie seallare.

Flued expuolsion along active backihrusts could acoount for the formation of vhe M3 b
Takes (Ladlemand e o, 19980 The high zas conters measwred :n the Madic Dines o bess
explained by active fluid flow aod derassing taking place aleng the Taull (Woodside, Mascle of
al, 1999 Furtherimore, bused on CTD fura cavhered 20 2 few meonlbiz diane iotecval i Qe Deania
ke ke, which indicawed 2 consaderabne e incnease of the fempecatire of (he brines, Ceeid
flow i3 Lkely wr vary wiktt Lirnwe §Camel L er zf | 1955],

DRILLING DBIECTIVES

1. The Eastern Mediermimean boan 15 an owtstanding arez of acieve Thind (o Thaougd e
sealloer, espeslilly smited for compechensive field stuchize of Ao flow prscesses [moush the
sl ot selected stles of 1mnd wolcaism o deep lakkong, Combined ohsecvaions of lempec-
At flid pressore. pore chemistoy, peemeibility, amone athes impoctanl paramedees. minle bith
s Uhee sealloce and i boerehedes, woulss ailow By charcterize the onean, patheeiys aml moedes
eof flietinng of Mo zeepigee theciagh the seafaoor prd. o, Betber aswer do the guesLing o e
natere o wold seep pharomeena oteerved o an ever inereasing aumber oF Jdiztivesnl aepage
sies o contizental margins, Time varitivms of i froesses snd hiow transient events ot the
rediment sprface relale to events at depths, could b delermpned frvm bang-lenm obsorvations,
Esu ul the seatflocd and in borcheles.
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2 The celitioer af Thnek flose e the femation ow divsocasricn of pas hedrates mothe seufloo
sediments 15 2 partecolacky imgwanam quesion btk 0 o onderand howre aos hydvate toms in
arrrang gae (methane] flox and can lead tofarge acenmnlian: of aslid gas hydrate. poteniadly
af ecompnnical relvanve. snd (B o hetter wssess she impaer of gag Tisdren: dissociaion o the
Leafoin and warer column enviromment, and rthe riska indierd, i particilar becanse of the
Tefeise of barge wirlures of waber and free gas (mechane] asociaiad with pas hyedare disaoos-
fiom W need e develap wrelusle exporiments to address the dymamics of gas Wydeae systems
in ihe subsurace sediments. We need CORKs-pe borehole manitarkng instaliations allowing for
lQng-{2em O el

. There is & beaad consensies et michbial processes pley 2 vonsiderable rele in Lthe diagen-
cans if sediments, The Foruation of corbanais amd sulfile concretnaes vould be contobled by
microhial activity, I addition, mud wldcanoes and Bap acoemulatons could provide widows
i the deap blosphese by bringteg op iy the scafoue oginally Jeep-seited kaciona. We need b
ermbine micrebiolagicel. chemical and geolagical chscevanions o seaflusr sues of active soep-
wme, and 0 dewshole: 3 iersections of fuid-conying s, i onber te charackerine bow oo
bl pencesses nterplay with chemival flaxes, pore watce chemistry, ond other sediment
proqpedies, it the dizpeneses pracess.

Af previowsly arzoed, the dedinermasean Noor Wisplays a rumber of sites, aither at mud vol-
esifes 8 adieng T id-expetng Fael v, whore e xbove objectives cam he addressed by diitling.
with the persprctive < gousd scientific relorm.

Maonaring expenments, hodh in barelwbes amld a0 Qe seaflooe, would benefe from the prox-
imniy of band-hused techncal sapport i
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Easternmost Mediterranean :
towurds a regional tectonic model

Alastajr Kobertson
Dreparrmeent of Crecfopy and Geophysics, Laiwersity of Edinboogie, Secnfused

[HTRODUCTION

Toe Easiern Meditermanenn megion offers an excephional Ooppaiinnily 10 inlegrage evedence
from on tand aod ander the seq with the aipe of understanding the teceomic-sadinendary cvolution
durng Mesoame and Tertiary time. Here, some “railestone” contributkons are mentiosied, Bt
Tevweed by o ovalfing of 2 recendly published plate w@oim syathesis (Rofertson, P9E)

MARINE STUDIES

Plare boundaeies in the Bustern Meditemanean were initizlly delineated Dy M Keroe {1972],
hased on earhguike evidenss, aldrgt the location of the ARiva-Eorasia plate bosunkeny in ke
Eazteramest Medierransan fzrnund Cypeus) reserined hecledr, Some of the find sadenzive bathy-
mewnis and eelechion seismic data were provided hy Woeodside (L9T7). The resulls of DEDF Leg
424 (Hau. Monladen of all. 19785 werg invainiible in demonstrating the presesse of hlzssmian
Eacies an ihe Florence Rise West of Cypres. Emportat inforimation on magonestc anaealizs n the
Eazre ozt Mediterranesn, mcleding the Erasthenes Seamwoun:, was provided by Ben-
Avgaham ef ol (9761 Seismic refraction stidies by Makriz ¢f af, (1483 deanonsicated thar e
crudt thins benendh the Levine Basm. suggesiing this aced a5 the sie of o Mesogoic acean basin.
A hintof the ineipent collisional saiiag of the Easternmost hedinecranean. incheding Cyps. as
currently undersiond was provided by Ben- Avraham and dur (9821 Following additional stial-
i of 3] the available sersmw exflection and olher seophiysical dids esseniially the present plate
Leclonic interpretation was published by Kempler and Ben- Avraham (19374 showing the Afnca-
Eurasia plate buundery munming from the E2vant theough & location between Cyprng sl the
Fradesibenes Searmnunt. Soedies of the buthymesy of the Erarcsthenes Seamount by e scientf
i parly of the Abadertit Mikolg Sirathov revealed lmporianl evidences of faoltieg
(K rashenrinikoy ef of.. 994 The TREMMAR sunvey confirmed the existenve of nonbwasd upslee-
thrusting 1subducton) beeearks o sediment-filled to2nch-like basin South of Cyprs (Limoenos ¢
al, 90d; Fobertson of o 995, Sobsequenily, doop e Jiliing dunng Leg 160 coniimmed thad
the Fratrsthene: Seamount shows stralteraphic offinites with the Levant margin, ben Jilfers
alrangly Moo the roaloabcal history of Cypeus dbmcds or of. 199G Maet of ad 4997 Roberlaon of
@l Uy and also supperted Lthe existence of mcipient <olibgion botwgen Cypris amd the
Eratosthencs Seimiunt Recently, pretininary resoies of the FRISAFM-Z spvey indicane the pres-
erce Oof nearly M-5 faulilng hehween the Eratosthenss Seamount and the Mie Cone, which may
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bt ity £stemszon 1l Ga It of Suce rift sysiem (Tan or afl | this volume) and alae prose idod svidenes
[or e natore of ke plate borndary betwaen Cyowee and the Ansumander Seamants o e bW
VW ommlsicle o o, this walume),

[.ANT STI'DERS

Results from Cypras were crucial, Giass and Massun-Smith (1963 imerprered the Troodoe:
Massil as oceaniy malerial (ot was enplaced by theesing agaiast ihe Month Afmcar conlinen.
Later, Gass { M interpreiee fhe Proodng ag a fragment of Messzoee dcean floor lored by sea-
finor spreading. Mosrcs and Vine (%2 1y conlimned the simalsriny with ogeanie Lithosphere aml
dennogstraled thal W) degrees of anliclockwise rodalion ik place smcs formaliod of die Troodos
o the 1oue Crofacoods Pearee sP273) milersreted the Troodos az having lonmed above 3 sobduc-
lich wone rather than & o mid-ocean tdae. Falbowing on imom regional sludies m Cypras by
Lapierre (19721, Kobensos and Wosdoock (1979 mempneied the Mamoma Comples of 5%
Cypres as 2 Mesamoje passive cominental margin sipucent 1 o zoutherly Tethyan ooea e Bagin.
Building cn ¢xaensive regional mapping in SW Turkey and, Uwen, avalable studies of ke Levane
and MNiweth Africs, Hobedsen and Woodeook {19800 presenlal #n inial synibesis of he
Fasteriminonsl Alediterrdiean an o sinall sowtheddy Neatelbran vceanic basin thad opencd in the
Triceni drud choseed Tie U TRy, gikd s wae s apacabed o i regional plate tecwoniz oo
by Ruobertson and Dixon (19840, Dowey aged Sengos (1979 pave an sarly plale lectonic mndel iof
e Mecgene-Fecenl Trstory of e Acgean aml senourdagg aress, white Sengor and Yilmaz
(1581 presenteld @ wider scale pare weeoniv ypalhesis of Tuckey eluding the agdjacem
Ecxtoimeruid Medizerranean region. Bailding o see malysis ol the Mesozons sooctere of Brael in
relalivan b thi caagin of rhe Eagaern Mesliwrraneae by Freund ef ol 11975, Garfusrhel aied Dierlu
Cro&h docwmenbid the ceistence of & TrigsaicBarly Jurassie ried macgin i the Leva it sy
b & s Meoetliyan o0canic bastr, Tids was sepporied by recoanilbon of part of the nodern
imangiay OF this Paxin in e Kyietia Range of Muthane Cypros by Hubarison aad Woaodeosk
{1984}, Additional evidense of Moatethyan dphiolrcs anc Mesozoc margin sequences arcund he
Easteenmoar Mediterpnean wis peovided by Delacne Bayere of al (976), Sedimcntary studies
o Cypris initially suromacized by Bobscirson (997, chacte) the wplife and me-:.fmg of the
Trawdos ophiolite and e rwle of Neogene exacnsigmal iwetonics thal wiss later anbueed 1o supra-
subduction wonc extension. It lafcy beewmne pogskhle ioonbegeate cvidence rom SEC Tacker, fol-
lowiny regiona] studies that identified the rofe of aorhwand sulbchoction of Mealsthys m Late
Crelacerui-Early Tertny Jime (Hull, 1976, Axias and Bolwertson, FPE4; Yilmae, W31

The abowve wisrks culmnaled in synchesis of both @ sontham (Guiokel, 1998 w0 rorthen
tRobkertson, 19986 margms of the Meoethyan oceanic bisin in Me Eastern Mediteeranean. The
rrodel grven m the [aller pubficalicn is summianzed belew (where a much fullec biblivgeaphy is
0 b fou b,

MESQOZOIC-EAKLY TERTLARY (FiGs I, 2A)

Although viftang may have begun ol the Larg Peomaam, e 15 <opivus evidence [man the
Levand, Cypeus il Southetn Turkey oF eifling dadd somtinerinl break sp 10 form o smaidl
Merdethyan goeanic bazin in Lale Triassic-Early Jurassie peae. A Bod Sea rype bagin. ratkec thn
w bach arc basingcllmg iy peeliemed. as Gu osstctaled decp- et sediment: arc ersgenons ad e
rift elabed volcamics lack amy edentifiable “subdection componend™ The southecly Mootetyan
poeanic basin was surmounded by subswding pussive marging ducing Early Mid Jurussio e,
There 1« Timed evidencs ofF # fortker murgimst nit event in Late Tumassic-Eurl v Cretaceous time,
when (utther sou-floaw wpreading cuebd bz daken place Reracnal plase convermence ensued and
the Troodos ophiolie pormead by spreading above a sobduc ion zone around B0 da. The eattward
axcersion of this optuolite 1mie the Baer-Bassit and Hatay ophicfies wras emplaced i the balest
Crriaceaus, when ihe subcuction irench cothded with the Ambizn pazsive conimental margin.
Haivwesear, the Troodos omdbulife remnained wathin a remmant nf the Neotethyan ceeanic basin and
comtinued oo uncergn deco-sea sedementation e Early Tedisry time. During the ded-_zle
Fozene detormation teoh place related W closure of more noctherly Meoteths an occanic baxins
finn cenial Terkew ). Ty the Olipoeene-Early Mioceue northward subduction was compled
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Fug. 1. Paleeagecgraphic sdekh maps of ke proposed teclonic evolilon of the Easkarnrmiost
Mearranaan region 3, Lale Taasss-Lower Jurascic; b, Cencednian-Turgnian; ¢, Lae Campanih-
Maastichlian {attes Fobwdson, 1908),

181 CIESHM Wiorkshop Seme s b


https://ciesm.org/catalog/index.php?article=1006

WOAKSHOE [ MELH TR HEANEAN ZCTLMTI- WRILLING FEGSPECTIVES - Gignada #-12 e FAGE

ibung the northem margin of the souther'y Neotethys oueen {o.g w SE Tgdeey ). Subductiap then
jumped southwards kyooewr Hy present dosition i the Barly Miovene, continuing until tuday,
alihough drsmpeed by the effecis of colbsson uf the Erglosbenes Seamount with the Cypris
weneh The Orligocene 1 Hecenl Bistory that 15 especally elovanl to plars for fature seadenic
Arilling in e Fiziemimost ddedilemanean base & semmarized below.

DLTGOCENE

Curly Oliprcene wan o lime of aetulive woronic quiesecnce theotphout the Bastenanost
Wedaeeramean mes, alough Tuolbng wok place a5 AfrcaBirasis coavergence vonlinued.
Enasiom oF waricas recently smplacsd unitg ensued, Pelagee carbomates confinued o secumodyng
i £ Trosodos aploshie (Upper Beffoara Formartan 1m a relabively slable teclori: seiling, Suring
the Early Oligoceme, compressioal stesas wobably magnified 28 Aftics and Bwrasia conlinued
by goriveige. Tha, e il Le {0poceme, o marked changs took place. mamfesied in the Kygenia-
Misis-Annlivie: Timeames 1 e NE. The Kyrenia Range of N Cypers that bithena had been
leeeivitg coddse alluvial sedimend from the palaeo-Sevan mver moSouthen Turkey wabzided and
ptssed rapadly upeands imie wrbidide sedimends (il ea Flvsch. The nnshaore Adana Bagin sub-
sided, ushseing pomacine sedisectation inMusgeed by block faoliing. Sedimentary mElenee of
Upper DligacenesLower Mivcene age (Tsall wnlu fuered relaively farther Sail, rr v Mosis-
Andiriy Comples, @it wn exeersionef ore-are setling. The clasts were maihy denved from
tar e -emplaced uails e e weidfeoge s | esoenic irmestone, aphiolite: ste. ). Liniled sodis,
clemakadine. wre-relaled wolednjam (uepresaie] by rafist 1ok place = s e, bet a nfted
back-ave besin Jid w0t desvelop ol this lawe stage, Ewtend, the opbioline blocks in she misdange
wele @eeived T preveously enrplaced (? Lae Cletucesus) ueits. The “olistoslrone” & naier-
preted a5 a wench-accactimnery compleX relided o nocthwaed subducajon of Beotethiyan ooeany
CEOAL W e South.

MiocEsE {FIG. 28, )

Ewrly blrocens tine suw activity along the presest subduction zone Svath of Cyprus. .y pvent
of the wider regional Afeica Ewrsiun plae bowndwy including the Aegean aciive margin
CAcgean arch A passible explonadion for southwad maageation of the subdoction come iy 1
rermaining ol qearly Mesoreic) Meossthyan crugl was consumed. jutlaposing vounger s
By zar supra sublucion wone tepe Upper Crolaceoos veeanic crust with the agive murgit
the Marth. This crust was difficult éo conseme, and the subluction rone then velacared el witl-
uy garly Mesezoie cceams crust funther Souty. This subducton could clfectivery Tave eactivar-
ed 2 Buke Crelaceous subdwcive cone abuwe which the Troodos eas picvinusly crealed Dy
smpra-su bduction cone wpreading. Dunag the Lae Cretuceous, noliward subuction had abready
carmcd Lhe nfted Eramsthenes Block (o conmmeneal lragmenty ovvagds the Troodos, then Ereared
om ihe apposing plite,

Frogn the Barly Miocene onward. Cyprus was liwated on the avermiding plate F 2 porthward-
dipping sbduztion sone The leading edpe was digsected nle sk basing, Sone of these reached
sed level il were colodnzed by eeebs, whereas cdbers stitl underwent pelara curboraie socum-
Baliom. Ter morthenn Cypeus. an extensional grabe bermesd in (te Morthern Bestonis Plain ares.
Boumsded by he Ovaos Faull to the South and the Kithrea Facit (o the Morta. In the Adann and
Mamivgal Basiny, subiidence in the Madd'e Miocene (Langhiang = ainboted 0 exlensicng
Eaufing, Execsiond Lalting also gave nse to lage pre-Messiniin manne basing, includin g the
anghure Poliz proben (Weslzn Cypns), the Antalva Basin, lee Cilicio-Adang Basin and the
Latakia Busin, The owverall cause of i exlension was possibly southererd seings ol l-hoack's
ol aw early Mesowk: sged coemuic slab. The bessinian suliniy cnsis was superitnpesed on this
highly warizble fecionic vetting. Hirhs sweh as the Eratosthopes Seowowm, o the Akamas
Feninsnla ol Weseen Cypras were emecgent and karstified. Gypsunn wis precipitaied within pre-
viowsly shallew baeans, @i in Southern and Western Cypeas. wheceas halile was precapitzted in
deep hayins, as locally in the Mesaoria basio wad extengively n the deep |evaniine Basin aad
glsewheye,
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Fig. 2. Palepogeographic skelch maps of fha paogosed ok evplulian of the Easbernmos| hasdilarrardan
region (cond.} & Middlé 5 1ala Eooend, b ey Mocane; ¢, Lete Miocona; d. Late PlieoataeChialenany
(Bfer Robenison, HSE), T Halatss subduckion Zona - 2 workd aite io swdy the meshankes of rod Daok.
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[urng whe Miocene o division cleady exisied between @ pre-colhsional =iting in the
Busternimost Medterramean | West of ihe longitude of the Le vanl murgin) and o collisiona) setting
in Soutlecsstern Tockey. In the Eas! the Mincene Lice Basin orgimited 32 a fereland hasir elat-
ed do e Tinal stages of southaeand thiusibg of e over-nding albochithonous Easten Tams
units A ferckend Bisn ongin is less clear fuclher West: an mfeere anstensional basin angin =il
neads to be desled. However, it seemys ¢lear har omosegional plate Kinenaic prounds that peate
COMVETEEICe Wag contmung during it Mictere, and thus a comergent masein-type sifing is
plobakle,

PLHWCENE (Flis 20

Hurtiewand Afvicas Evviesin coervergence Dbl ]y Dioghl the Bratosthenes S meen indos colli-
siom wilh the Cyprus treaxch. Ax it appramehed e rench s bloch was Tesmad by Juacded by the
ovemiding plaie, resulting i Faulling asoosiated with e Wasliny of = and subsidence
balhyal depths duiing Culy Plivcert finw. Eapid coblapse of (e Brsfosiienes Sesmosmn rook
Place altcr ehe Laic Mlrcers: Poung Uns lime, rged oplil of Bl Seumem Cypres and fre
Kyrenia Range Began. The Kyrenia Bange wos uprifeed do reeel il masionum altiinde Nonl of
the Euvosthenes S¢mnount collisen zone. Thowever, dhe Adama-Cilicie Basin w ihe Mot
temaired largely onatfecled. Alse, in Scuthwest Crpios e mias'uee Pegis prabon devebged in
Lo Tliocene early Pleistocene possibly influcaeed by westward wolwiie expe [oan Gie
Cy¥prus-Ennstbencs collision wme, Associabed with tis subduction sk wirdeti lnus=ting of the
Cratostbenes Scamouat, ulvamafic vcks within e ovemnling slal were Serpeteingme] and rose
upward dizpincatly, cpdonting the Tooodos wphanlite and exposing seraeatinite on M Olparps.
By comivast, within il Aksu and Adani basins of coestal Southern Turkey, exlensivnal bising
were infilled with shallowing upwurd successeons, wilh majid s lation persiaing euges
r the Aksu bagin {Anldyo areal. Regional uphifl iook plaee in Late Fliocene-euly Plelsooe e
i, agzaciatsd with further extensional Baulting (AR bugiang o ranstenzioa: (Adana Boato. Tk
Sedlewstern Turkey. lett lateral serike-g'Ep alang 1be East Anztedtian FaultEaily Fliccene began
n the latest Miocene fafter suiusing of she Arnbian and Azatolian plages) with u ool displace-
menk of <25 ki and was areompanicd by more promownced e fl-lateral medion aloeg Ue Mot
Angdelian wanshorm Tl The Cast Anatelian Fauli Zone finks casiwind with the toiple jancion
it Kacatmacanmaras area. Cefommation in the Mizis Mountains 15 mainly axesiosesl iy o1he
Flieme-Fleistozene and there 15 linle field cvideace b the Late Pliscene-Pleisiocens wypdifi of
the Kyrena Runge was coused by ramspression. Signiiicant stake-slip along the Kyionia sage js
amlikely, as the Southern Antalya Bazin so the Wes does son appear to be afTected . Instead, v
wplill of the Kyrema Range probably velates o the ofivers of regronal collizion, specifeatly
mvadving e Ecadostbenss Scamount o the South. The Troubus opmadete and the Kyrenia Range
were hath wplified wish raspect G surovnding acmis. which remawned ~basinal™. ‘Waesiwand
escdps of Anatoliy Juning Fliccene Pleisuxens Hme was acoompanicd by o seoricraiion of sub-
duetien from sotheard ro ndnee pocthezsiwsnd, consistont wirh the irstantaneaous GP% data tor
Sauthery Turley (Rerlinger of ol 1907,

PLEISTIW ENE- TN AR "ENE

Exizting plate bovndunes were active duning this time. Monhexstward sebduction was aclive
benestdh Scothwest Cyprog and the Southern Antalva Bay sweas. Orastal exiension cominued
oassteore bin Ce Anlilya Basin, The Florence Rise ia prohably Incated above the plave baincary
The Elosence B is conbgaous wilh the Ansxmande) Mowataing, an offshore sxtensnion of enits
expoged in Svuthemn Tuckey, incloding the Antzlva Comples (Woodside o of.. this volome). The
poltkere margin of the Anecimznder Mounons is seen as i lettlatera stribke-slip 7one that hnbs
with the Strabe trenct to the Yest, Funher West, the Ertosthenes Seanmunt s possbly now
baing thewsi aortheestwand obliquely bereaii Cypros {perhaps eitesise oo of the Seamoun).
Upliftof the Troodos wphaoies ard the Kyrenia Range has dimirished afer mid- Pleistene tme.
The castward extension of the Cyprus trench iz o rone of dafi-laterat sioke-ship, passing into s
cone of distributed sivike-slip. Lranstension, and wanspression within e “Cyprus-Latagia ik
aoti” (o the mortbeasct keit-larecal sinke-stin conbnues along the Easd Anatolian Faull Zone. ard

CIESM Wochshop Saries nf 164

 moo
‘-EI"\Jil:n

xusioer

o

]


https://ciesm.org/catalog/index.php?article=1006

WORKSHAR .:nn.r,i.-rED{JEﬁ.tmuEw SCIENTIFIC DALLIMNG PROSPECTIVES — ﬁ_fa.m'a fO-12 Juig do o ”

alor affecrs onsmote aeeas of the Monitern Levant macsio further Soath (Latakis arsch. A1pwesent,
lhe ctstanding question im the sanre and history of the plare baendory segmen: linking Cypous
with the Anaximander Seamoants through the Florenee Rise area,
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Slow transpressional processes of conclusive subduction,
early collisivn and incipient ehduction :
drilling the Cypriot Arc

Yossi Mart

Feon Recanmnil Ceneer for Marine Snadics, Universite of Haga, firael

ARSTRALCT

A geties of OTYP d:ilfine w the regior o the Cypraod Arc in the Fastern Meditermanes s is p1o-
posed ., 115 porpreose 15 10 investigare geochemacal Buxes of sediment subduction, to study the effect
i the subalwciicn of Tethwan cust an yourger sedumentacy series. a1 0 reconstrect the S
tured processes of plae eollision, fram suhdochon to obdwetion, Thres trapsects od deepening,
of an exbsting harchole are aigpested, which comprise # shallow boreholes, one deep borehode
and tleemening of QTP bale 967

INTRODLLUTION

The Easvernimnsl Mediterianeas, monely dhe Meditenansan Bt of the Bhedes Tinzan g char-
acterroed Iy the masbesd geological dilferznce belween il noathern and southern flanks. The
nusthern (lank 1 colbssnml i it chassclerislics, aal i seatherm s diversional, and the bound-
ary belween Biese twes domaios mens alorg the Cypriot Ave (Kempior and Bun Avreabam. 10E7,
The Cyprivl Are is o comples Fane shws e, that sxtends Irom the southern pal of Rhodes
Busin ot uztw bids 10112 buthyrnetnie depression hetwecn Cyprus and Bratosthencs Seemasunt.
Micn i1 swings noatbeasleands ogards Lidakaye ) Westen Sz (Fig. 17 The Are 2 the coniral
eI 30 Lie yevsare that moacks the closwre Gf 1l Meatethys, which stretches from Cabibeia
alvng e Moditeranca: Rudge thiough Cypris and further casewards w Gman.

The Cyprict An: marks the boumebary berween the porlhemn edge o1 the Afncat (e amd the
soatthom edpe of the Aratelisn plaes (MoEenzie, 1970, Kempler and Gardonkel, 1994 Manl or
af.. |99T, Raobertsan, 1994, The geological regime alons e Arc sl ifs Tanks o5 distimaguished
by commlex uffsels of theusting amd =inistral strike-slip fanling, a9 lags peological feslurs=s
north and south of the Arc chardelesize e overthrest and the uncertbrest blacks, respectively.
The Trovdna oppiclites in Cypros, as well a5 Foiewe Rise apd Hecateos Plateas Al sea. pre-
dorinate e neethern flank of the Are, while Eratosihenes Seamnunt and the Levam basin arc
e domdigam structyres . the South. Thresting of the L2vanine nceanic crusl undsy the
Anatolizn phate zlang the castern segment of Cyprird Are macks the Final stage of the northward
subduciior of the Levanline Neotethys (Robanion, W51 Comcoerently, the thfusting of
Fratositenes Seamount under Cypris and the Trogdos Opmolites stoed e ight on (he imnsi-
Lol tectonie regime along Lhe Are than changes from subdug ljon te collizicn and abduciion. The
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Plateass Lawan

Eratosinenus (7
Sapmaynt

Fig. 1. Magor qeciogical teatures In e Epger Madilerantan. Heavy amows wcbeate drsclicn o acton-
i plabe molicn fallar Potsdscds, 159E).

cnllisional registe, and e 1elanive woethwar motion ot Atrica, is rendered more comples due i
Ue westward mdLion oF Anudulee, Krown gz *lbe Anatolisn Esvape™ | Senghre e of., 1925) This
cunliples eectnie it ion Dol clldomal, racspressionzt and sranstenziona] sireciuees along e
arc. Theeefowe stee invesdigation of the Cyprel Acc offers a rare ingight into 3 Sransiioral sie,
welpere e ecenic regime of & sepnmend of uld oeeame crost, collide with the Apemaious vomt-
wrental lebuspliere oF Sosehers Aseangdia. The linkaree of the ol coesns crast o the Epdoaienes
segmcnt of fioned Mosozoic contioenial oust, gl s collision wilh the @ick Cyprivn vousl
cpers the ressarch furher to Lhe cormnplexries of eansdioee] subdetior-collision—obdee o g
POMiG CRENTHE,

T PLRTOSE OF THE DRILLING PROPOSAL

The purpose ol dthis drilling proposal is w0 imesfigae she structerd] patlems amd the geo-
chertical Euzes abung the Cypriat Arc — p stow, evaporide-rich. obliques subdecting snvironment.
The subductum ol the Tethyan oceanic viust of the Levin Basin uoder 1ae southern Flank of the
Anakdlim Plate apparenity leud wr the Snstutal £plilof Blorenc: Rise, Cyprus and the Latskiye
and Misei-yrema ranges. The nodhward sublisction: becire affected by the wesiward motion
af Anatwlia Euring Lhe Neocene e lorm the oblique, dispacemes! {hal ocus a0 presen: along The
Cypror A which, due W the accuale configuration. is timspressional in some places and
uansensional mooters fempler and Cadunkel, 1% The geologicm hastry of 1 Levant
Basin and s vedithe s thdare, 19800 Makaes ang Wang, &9 siarted probabdy in the 1assi,
amd o |2k thich sedimentaly sedaence accumilated there. Messinkan 2vaporiies sele deposil-
end il e e peal ol NiH S segueeie, and umlerneanh. as indicaved by drlling e structorad win-
ko 1ol Erzibestl ey 3wt e eashy Crefaseows b inund at depth of jess den 600 @ iEmnes,
Renbseitcan as cel,, EO96).

The initigtisn of the suhdactwn of the odeanic coust of the Levast Basin onder the Cyprice Are
15 ml hvewr, meither is the copfipurmiioe of the Levant Basin proo w the subductton. However,
the cormmencement o the wesiward motion of Anstobia is dated 10 e Neomene, and 3l probahly
teemed Lhe subhucliom inde dizpliscement — Transpiesstomal Wesl of Cyprous and rranstensional 1o
the East { Kempier and Garfonhet, PO Digpics thal abound slong the faully of the Lok and
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Misis-Foymena ranges, as webl ax nomerons sdmhuakes along the Cypnat Arc. scupest thaf the
oblkue subductiom 15 poesently sclive,

The wonvergent fecichic ondiy of the Cvpriot Aec s an autstunding lecanen o givestigate
prasecaes Jmvalved with ke connples subduction ranstoum plute maotien, 1615 Enawn From pre-
vionz genphysical surveys aml dollag campaigns in the region {ser Robertaen (998 Toa doeeils)
that pre-Messingon senes me o shallow depths in Florence Fize, Eramchenes Seimune, and
most likely atlso Hecotews Plabeau. Fuaetheonore, previgus ODP drilling of Eranssrhenes
Szomount svowed Lthan e sracnaal relationship between the seamount and Cpras are thoge ol
imitial obdwtton, The deep mariee lee Cretaceos;s Troodos oplielites are n process of berg
thwwst rever the muddle Cretezeus conlinental shelf deposits of Eratnsifenss Seamoun,

Ernlonthenas
S qumci

Fry. 2 . Locakons af proposad ODP boreholas along B Cypriod Are

RECOMVMENDATIONS

The tnvestigmion of the reginn of the Cyprot Arc and s Uasks swould clasidy seme of the
more comiplex processes imvodved with she couclugive siages of subdeting, and thew iransiten
to thrusting and incipient obdoction. Farbernese, althoiugh $he Messinian cvapontes a8 par-
pogafully nod 3 drilking tipet in Whis propesat dug b safety considenations, thew geoxinmary & like-
I+ to affect the interstitia; fluses and the dizgeneic processes sbomg the Cypriol Ave Therefore,
in sonsiderstion of the prolonged znd variable sedimentatioon cay (e Tethyar: s in the Levanl
Basin, aril (ke complex plote modion along the subduction 2one. the prmane objeshives ol the
proposed drlbing campaizm are:

* 1o investigare sesiment subthiciion alomg Cypried Ane sohdaction - ransiorm systes, and
specifically w measare floxes derived from diagenetic affects of Cretacenuy and early Tertuey
sedimenticy sequences:

Lo characiarioe the cheaiacsl Auxas relassed during the aMeration of the Tethyiwn oveanic crag,
and wiedy theit effect on younge) sedivents in both hanging- and foolywall:

* Lk revaizlact the stracdoral hisiery af o wetary sob<dustion gome, Tioan subdesciion. shuau gl col-
Iistonal tmrspressive o fermaticon iy odwduation.

[en neder Lo sludy the processes tnvolved inhe transivion from sebduckon Lo ebduchon in L
Cypriot Arc. the follinwing four drilling largats are propaded ;

171 CIESH Worishop Sarjme a5

o


https://ciesm.org/catalog/index.php?article=1006

o

]

WOIMSHOP (i HEDJ.'TEHRHH.E'.IH SEEN TR M LING PRRSPECTIVFS - Greogda 10-12 fure 1990

L. Deepentng berehaole ONF AT froae: 00 o EACE 1, 20d Teaving o se-entry eone there for
Liriner decpenmg m ihe futiee The lwvehole Batismed 20 G0 mbsf in Apiar heds, s s deep
ening would opone a windwe L rhe saiy Crezarenos and ae Jumssde manme Mesdotoes 1F the
brrchale could reach 1w voleanic series, than prokably sndertie the s=amonl, a8 indicatod by G
magrelic anomily FRan-Av b et af | 19TRL condd he reached, the harehobe sweauld vigldd valo-
able infoemg linm regaeding he procesae< ol the svalation snd desooction of mirginagl basins m
ez sirthern Meotethys: One deen burzhile iz [ivooocdsed,

L, Drilling 2 leansest across Florence rise, Wesn of Cyprud, Flagence Rise was drilled «n
fer 42-A where pre-heszinian sican ware pon shalbow depoy dHsu, Meotadert ef al, 1995y, The
gravity anad the magimny da ebrsined o the Arefane Crotse (hase e of @ in P b Aeemm i sun-
gl G CIUSLAL i Dol eross e southem boundary of the Bise, e gravidy and g neliv
o cloes noed cornespond prectsely with fee preseny westem extension of 132 Raosthenes-
Crprus Boumbary - the Giermann Faul Drilling here sould eeach the worlvword-dipping Lhrust
Eaurtl ierl the wnderthruse block. snd measure i3 age, and siedy e decollement, itz lithology and
geochemnizmy Thice shallow wmd one deep howeholés ane proposed

A Priling &oransect acioss the Lalakive subanerged ranpe. Following the crumes of BV
Srraehar and Cradeetd ik Bast of Cypous | Keashenionikow e gl 1984 Linnnow er af | 1994), 1)
se g Uk e iransensiondl Gl svstein here cowld e driled o i aady Tertiary or the e
Crelaceszs ailhout dalling theowegh the Mesamion evaporiles, in thit way e chaeaclenslios of
the faulling patecrmes zlong the subdiclion zome — a0 ablique. thrss farthing wiih 2 strike-slip
caRponent - cold e sampled and suadied. Semoles oblaaned in this transect woanld iraege
e geweBemistrye of the Flexes in an evaprte-nct subdicton. Folermore 8495 imam e L conbd
lluminale the structarsl hisbony o the westusand Ansrolian escapse, and 08 reladion 10 the Lo k-
ac regimee Al The Levant Badin andg its searging Four shallow borehodes are propeosed.

4, Drlling Hecaracys Plateas would show the lithobwgizal craractensics ol an ophioleic
ek, which e being o oves ¢ sectior of estesuled contineatal crusl, amd deletmine the geo-
che el clarscieenstie of mvipient ubdoction. Teae shaflowr berehoies see pooposed.
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