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ABSTRACT 
- 

7he ùch. dire$e an.t gr.totl presenptl, though .fr.Ìgmentary continenlal ,efiebrale faulut (íncludíng micm-and mega

JanL\) lòtt reccntl! in the Monticino Quatry near FdeiTza (t'ena.lel Gessa Basin. Xbfthent APennines) lL)as canclaled trilb lhe late ù[Nl3

Thb|intling ís olprintdry stratillfttphic impartance, enablí1g inrJ4)endert age cdlíbt'atians. 1he fauna oas dllltdls foun.l i1r.iàe thP late

b.y the Thtlet.l al..J) sltbchron.
'Ihrec lnain biastratonahlic .itú tapbanomic seltings al lbc bones uere rec(Enized, 1) pa Ua ka li-fkd sedimentary díke fllt and

cancentratío|L\ in karst boles (swlnetùc collection-t aJ lcIl an.l ngbt micrcmammdl teelb baùe been ínteryreted as kax;î hale ..n.cnt1'.nio1ts

u)here predator birds liued; in thi\ c&\e the micrcmammal.falu7a uauld pre.ldle skghtly lhe Colombacci Fm an.d coffespand la lhe earb late
Me\tinian cmesion interu.t, the bone ests baue been later incor)otated as a ubale *-ithin the Colombacci matix during tbe late Messinian

tectanic reactiuatton, 1rÌjecling and infilling oJ k tstiJìe.1 sedimentary dlke sfstem\ , pocket [ike concentraîíons ttlst]e the in sitr Colombacci
Fm (tb.'y occuf clase to tbe top fi// aJ lrptunían dlkes onl tbeir -taL|tL7 is coeual u)íth the slqlút'ting Colombacci clat, i e. latesî Messinían).

This contributio impnucs tbe cotrelations belu)een the canlinental (und Paralelh's), tbe standar.l stratigraphic maritlp (MPàitPtaa

neaq) dl1d the biastr.tliSfttpbic oce.tníc scalL's.

Ihc eastem .llfinity of the A.lriatic Manticino inamm.l laLt/ui tiltd iîs diÍferenLe ibn tbe caerdl lJaccinella U3 Tynhenian ane su!.j'-est

cannection of tbe emelgent Adùatíc APellnilrc u)ith the eastem la d m&sses alù separaîian from îhe Tlffhenian islandt during lhe

Once more. the 4 estion arises af the physicai callncclions belueen Pordtetb-ls a d edslem cenlral Medíterrartean îhtuugh a luliat1-
Istian dnd at lanian coînalor aluring tbe lale Messínian.

RIASSIINTO lccologìa dellx Cxva X{onlicino. BrisjgheUa, ltalia. lmplicazioni dcllî sua faune e manìmifed hrclo nessiniana]. Ia
.t'a na d refiebrati conîinentali (macrc e micro) ricca, ùal'ia e befi callseruata. trorata da paco nLltl Cara Manlicino (Vena alel Gesso

laentina, AppLrùÌína Setenlrianale) è stdtd aaîc[ala ca la zona a mamni|èn MN ]-3 supeiare.
La stra.rrclinaùo impartanza slraligraÍica dela .Íàuna sta ncl Iata cbe essa Pennette r!n.1 cahbraluft:t cra alagicd indiPendente Ia

Iauna inJAú è sempr conLcltta 1r\la F a ablontbc]cci t1e/ Messiníano superiore, è prce.lula dal Messi íano i\feriore aedb erapotitico. è

confrrutt.t et crana rcrescio 3r ed è suturata dal Pliocene inJeriare b.$dle con h:l Zana .J Sphaeroidinell()psis, ld ZatM infeùarc ad L.
tricomiculallrs e il suhcrono 'Ihuen (-J -'i)

Le oss.l si ttí1ct17o itt tre clisposizbni bbslralínal\ùche e la|ònomiche Pnncip.tlt I ) riempimenti e concentrezir)ni meccdni.be i . rqbni
sedimentari ín paúe ca^ificdti (gli scheleh, originaríamente sepaÚi ín pelití cli Piana alh )iúlale, sarn stali pima .lisa11icolatí, p<:i

îras?aft.ni e ideposltatí ht ambiente sdlmt:tsh,o ldguftare e infine inietttlti itÌsíeme ca langhí clottolosi .lentro filoni \e.limcntari .lPl

Messiniano supenarc in p.r7e cdsi|ìcali): 2) concentraàoni bblogiche i1l caúlà ca iche (collezbni simmelrichc di dcltli dcsln e siltktri dí
tnicramamnúferi interpret.tte came boli di uccellí pretlalari; in quesla caK, [a.fitul1d .t micranammiferi daúebbe precederc di poca la ts. ..t

Colonbacci e essctsi ttccLtftlulata nelle caútà gessose duranle I'emerinne all il|izia del tardo Messiníano; i resti tJi ossa sdrebbem poi slali
incarp()tuti i ma-ssa nella matrice del[a F. a Cobmbacci dtlrante la ialtixazione lellalúca tlr.la messiníana cbe hal ptol)acato íniczione e

ùempimenîo dei lihni sedimentari ()igin.tti lLotg ) le lessure ca\iche precedenti): 3) concerúraziotlí in tdscbe allí tetna.lella l-. a
Cobmbacci n siú (sí ttuuarlo per lo più sutla uefiicale di.lìloni se.limcl ari c la lare Jàuna è LaeLu con le pelili incassanli .lella F. .]

La nuota Jàlt a miglíora le canelazbni Jrd ld scata strati!]rafica continentale e paralelidea. Ia scah stratigra|ic.t stanLiard marina e

mediteffanea e le scate biostlaligralìche oceaniche in Ln momenlo chiaue come il linite Messiniana/Pliacene.
L'alftnitàanenlaledellafaun..amammi|èrlddialicadelManticinoelasuadiJfere/tz.ttispettoalktcoeraÍì|unatirren:nàiBa..in" o

VJ indica o una cc)nnessiane dell'Appemino adiatíco eme6o co le lcrc aienlali e una sua sepdrazione rispetto al[e iso/e li1'refiicbe
d1.uaîtte il Messindna

Sifa c()si a cara più pressante il pmblena del[a cofinessione.litica.ha ]'araleli.le e Mediteìaaneo centro-ori?n.tdle medianle,íe d'acqua
giulio-islriaiw e iDnica .lurante il Messi/|L1na suPeriorc
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\\'ithi1-ì dlc -ÀpcnnÌnc Folecleep (Levcl()pmcÌlt (Ri.ci
LtLcchi. 1975, 1986). A reccnt rccount on the \ren1Ì clcl
Gesso lcgionel rìrapping, facies :rnal1'sìs ancl structuLll
gcokrgy n'as clone l)y ,Ualabini .t V.Ìi ( 1985). LlpdiLtc
rcvicr.'u s of rcgftrnel Tefiiary to QLletcrl:ìl] stratiglitph)
rLn.l synsecli[lental tcctonics (Ri.cì l-ucdli (,l atl., 1982]
Rìcci lucchi. 1986) encl of regional srruclurrl sc-tting
((lxstellerin et al.. 1986^.1986b: (lestellarin & Vui, 198(r)
can rct iìs uscfìrl intr()c[r(]tion k) tllc gcol()g,v of the
Northern Apennine Paclen mergin. Fof tL generll o|cr
vic\\'(nl thc Norlhern Apenninc kincnlxtic histor! aJr(l
strllclllral zonrdor-ì. on lì(nll.rgna ApenJlìJte strllligt'xphy
rLÍì(l (nl nortllern ltalian ltlÌlcoglaphic ev<)lì.ttion sincc
the lìrrcljgalian dlc rciìdcr cen letèr to Vei, (1989).

'l hanks to the quîr.6'i1-t!l opcrations end to thc
enihusi.lslic sLllr'c\' of iìn anlllel]r geoÌogist ('lonino
Ilcncricctti h(nn Zattîglia):r rich letc X,lessinian conli
rìentill vel.tebrate laune. associatecl r!-ith tÌ1.ìn) l):u.r-
tctlÌys faunal elenrents ancl clppccL lrt' tne|ine earljest
PÌiocene Nleclircf:lncan faun.Ì. q,'as foLrncl an(l svste-

'ÌcxL lig I VesLem prn ol Uontì.ìno gvpsunì quafl) in 198;
Olcl end ncl! qLrenl,floor rrc- shor.r'n. Notice x sreep
.lìpping gvpsLrm bcdding plînc io thc uppcr l lf
Notice, by ronùtl.st, the chx(fic scftnrg ol rhc lo$cr
qLì:ìrry \\.:Ìli

The Monticino ÉaypsrLùÌ qrLarry is locatccl ÌnsÌ.le tlre
dxrst belt of the Rorragn:L Apennines at the crossit-tg
n-ith the Lrmor]e river valle),. 'l his thmst belt is p.Ìrt ol
the ()uter Northern Apeînines (see Vai. i9il9). lhc
cÌrLarry is known to thc gcological conrmunity as one of
thc type l()calities lirr Messinjan eveporite strati!{raphy
rnd sedimentolog), (Borsclti, 1956; Vai & Ricci l-ucchi,
1977) ancl f()r the intra-Messinian tector.ric phase (Mara

bini & Vai, 1985; C:rstellalin et al. 7986; Patacca &
Scendone, 1987).

'Sfithin and around the qlrany, the four majn fìrr-
rrations building the Romagna Apennines are exposed:
namel,v tlìc uppcr pafi of thc Marn()s()-arenacea, the
Gessoso-solfifera, the Colombacci and the lowel part o1'

thc 
^rgille 

Azzure F1]ls (Vai, 1989, Tcxt-figs. 5. 10).The
quarry stratigraphy ancl sedimentology has been in
vestigatcd fol a long timc in this crxcial site at the
eastern end of the Messinian Vena del Gesso Basin (Vai
& Ricci lucchi, 1977) tllat rcpresents an important stage

Text'fig. 2 - Aborìt 20 or high c:lstem \\'xll of thr lbniicino Quarrv
cú by karstiiic.l ncptunran clvkc-s \'ìcl.ling lnrge
anrourìr ol boncs (:ìbout 20 m high).
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'fcxr llg J (ioss ()lìogrrltr\ ol rhe Nl(nlirlno Qurrl. \\ith p{Jsi

lìon {)1 rhc cross s(tir'rs ('fe\î fìg. 1i)

ùaticllÌ) collcctc'cl since 1985 (Cost3 sl al.. 7986: I)e
Girli et dl., 1986).

QLrarr',ving \\-ill be stoppecl \\,'ithin .ì cotrplc of vcars
.Ìt Ì\{()ntìcin() for rcesoris of cnvironnental implct ar-rcL

bcst use of land resources. Regioneì ancl krcal Authol-
iLies havc agrccd to lruilcl up an o1>en air naturll
scier.ìce ùluseun (v'-ich n'ill be pert of lìrisìghe11a city
park) sLaning tìrrm thc fìrn-r-rcl c1u:rrry site. to allol'
prcscrvrìtion .rî geolog;icaì exposr-rres firr scientific. eclu-

cational ancl cultuml purposcs.
Aim of this contribution is Lo p|oviclc tlic irasìc

str.rtigraphic ancl stmcturirl liame of the Nlontjcino
quaffy arcaj to clescrjbe the stratigraphic sectjons mea-
surecl ancl sanrplccl fcrr spccialist ir.ìvcsti!Ìarions. to dis
cr.iss taptiononorn_v 2Ìnd bi()str atiil()nly of thc vcltcbratc
i:runa ancl to sllùnuizc its stratigraplìic, geologic ancl

cnviror]nental ilnplic2ìtions.

STRATIGIìAPIIY ANI) A(ìE

TÌre nes' l\,looticino vertebr.Ìte launa lr'as first
lonncl in 1985 (Costa c/ a/.. 1986) ancl is still being
colÌected tìrllon'ing tire exploiting ()pcretions maìnly in
tllc c.lstcrn pafi oI thc qrLaù./ \\ìlele a thin blanket of
Colonibaccj Fm (0,5 to 2,5 nr) unclerlies c()ntimrously
and confomably thc Argillc Azzurc Fm. BotlÌ units lest
with spectacular angular. rinconfìrrmity (1cxt figs. /r. 6,

15, 18) on a srrongl,v defbrmecl, backtmstecl nicldle
Messinian evaporite unit (Nlar.Ìl)ini & Vai, 1985) (]'cxt
figs. 15b and'fcxr 1ìg. 23).

The thrusr plane is clcvclopccl insidc thc lowcr
Mcssini.rn cuxir]ic shales at tììe top ol the N,larnoso-

arenrce:Ì Fnl. A detailccl strarigraplt,v of tltc pre evapor
ìtic and cvaporitic Messinian of this area has been
pror-ic1ec1 by Vei & Ricci Lucchi (1977) and Mambini &
Vai (19U5) (see also Vai, 1989, Text-iig. 10).

As fìr' the Coìombacci fnr.. the N4onticino Quuy
lulclt is incluclccl u'itliin tlic W lì()magna thin intlaLrcics
(Crerronini & j\'la].|Ìl)ini, 1982; Vai, 19i19). Insicle tlic
quany. tllc Cokrmlraccj F'ùl ncvcl cxccccls 2.5 nr of
thicl(ness \\'itlr a gracluaì soutÌrwestwarcl pinch out. The
folloting ifìrmrai unìts ancl lìthotypcs har-e been r-i-

cognizecl in the quarry i-om tlie bottom (Tcxt 1ìg. 5).
1) cliscontinLlous pccftrgcnic pockctJikc terr.t rosstl

horizon.
2) 20 to 60 cù.i of grel' t() grecn silt_y cleys r'-iLh

carbonate concretions ancl scatterecl Draísscna Mela
rrp.sl.s faune; thcl' arc 1atcra11,v channclizcd ancl refillecl
\\'itlì either yelb$'ish Linnocarclùtn sancL or $,itlr
mrLcÌ srLppoficcl polvgcnic conglomcratc and brcccias
containing lèn'loose bone ancl iìrgnents.

3) 60 k) 100 cn of CaCO: concrcti()n dch gre,v-

greenìrr.own var.icoloLrrecì silq'clav up to light narl,v

Tcrl fì9. :! lntm-Messinìxn unconformity on the nonhern rvrll,
eestern Monticino Quarry. Stccp dipping ìoner to
middlc Mcssinien gypsurn evaporites are unconfor
mably overlaìn by farntly ÌlecLded gcntle cLipping Co
lombîccì end Argille Azzune Fms. (upper Messinixn
eÌìd earlìest Pln)cene). Ì,lanklic fo.aminife.a biozones
are shown in thc skctch abovc. w,hcrc rom;rn num
lxrs reier to gy-psurr cycles ancl open tliangles point
to snmpling sltes.
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speciiìlist illvestigatioos (lleftolenì-ìVal1rhetti & ]\Iarzi.
Colalongo, De Giuli e/ a/., Rio & 1.\eg . Taviani, \rigli(f
ti. 1988) and r.iÌl be descrivecl and co[imentecl v,'ith
some cletails.

TIt[ NlONTt(iN() t9iJ7 SE(ÌftON

Tcxl fìg 5 - Stmtigrephl. sclìernc ol lhc Lrppcr i\'fcssìnixn (ìtonr
bxcci l_m in rlìe exsrem Nft)nticino Quany (legenlL ro
symbols see text fi:1. l).

(Colonrbacci like) thin discontinuorÌs layers (at least
ts'o)r this unit too is laterally channclizccl by nrucl
supported polygcnic conglomerates; moÌÌusks are fre-
qucnt. At a peculiar place (sec bclo*') a pocket like
lilÌing of olive-gree n silry avrideîs.Ia,v rich of micro-
venebratc bones was fbuncl.

zi) 20 to.i0 cm of bioturbated, concretion-beering,
mollusk rich dalk clal'.

The mollusk fauna. the lithotlpes ancl ttie secli-

mentary stlr-rctules suÉj€lest a flat. brackish, shallow
environment not far fron a distriblrtiu'y channel system
and from an alluvial lresh n'ater plain. Pcriodical retreat
ol brackish water (al lcast t\\'o) made possible oscilla-
ti()n of \\'ater table and development ()f c()nncctecl t\\'o
main CaCOr c()ncretion rich horizons. The basal tentt
/ossa hodzon suppon a maj()r cmcrsior-ì interval lvith
k, r't {tr\Èl,,Iìm(nr Jt r'\pen\c\ Lrl ÉÌvf\Unr <\..n',ritr\
followccl by the transglression of the Cokrmbacci F-m

Two dif-ferent stratignphic sections have been
mciìsured some tens oi metres apafl caclì otlìcr ltcross
tÌre Colombacci Fm and the ovellying Argille Azzurre
!n] at diffèrent stages of the quarrying :ìctivityr the
Monticin() 1985 (Costa d a/., 1986) ancl 1987 sections
(Tex1-figs. 7, 8).

Thc sccond scction $ as the object of coorclin.Ìtc(l

Ì)EScRIPTIO\

7) Bottol1\ - Stccp dipping Gessoso-so/fifèrd lm
('l cxt lig. 7) cross cut by different rnagnitucle t-lacture
s_vstems fìì1ecl with lithoLvpes of thc or-crlying Colonr
l):rcci F1ll.

The (ìessoso-solfifcra !'m is rcplcscntccl hcrc b1'

thc scvcnth evrpolitic cycle (Vai, 1989). A sharp, rnajor
angular ttnconformlll tr-uncaLcs obliclucly thc cvapol
itic sLrite. It is taken as an exampìe ()f intra-Messinian
phase unconfonliity (À'larabini & \rai. 1985).

The LLr.rcorfbnniry surfàce on the evaporites sho*'s
clecaDetric to decimetric sized (nl to crn cleep) warry
karst mo{rhology doclrmentecl b_v thin resiciual pocker
Ijke tet'rct /'.).t'.\27 dep()sits. Larger crosional fcetllrcs arc
usually conr.rectecl witlì mejor fìacture systems.

2) (,olombacci ltm It is rcp|cscntccl lrv 2.3
mctrcs ()1'altemating dark gley to green, blo$,-n ancl

black brackish clays and finc glaincd, silt to finc sancl

stLppoficcl rudite. inclr.rcling green €fay to blackislr
lippeci r"rp angular clasts. rnollusc fragments, small pos-
sibly rcrvolked concretions ancL well rouncled lithic
pebbles (mainlv carb()nales up Lo 5 6 cm of sizc). A
cctlicbe horizon is rhliost deveìopecl in the uppernrost
blackish clay. Lim.noc.trdiLu sp. n-as fcruncl at the vcry
silty sandl' basc. Rich, small nrolltLsc assemblages of
bnckish s'ater (Dreissena, Lim ocdrdium, Melanopsis.
ctc.) arc common in the LLppel pan, wherc a fèr'.,, loose
bones occur.

'lhc trrnsition to tlìe o'erlying Fm is sharp (pafiic
ulllly due t() tlle color ch:rngc).

3) Argille AzzLlrre Fm - It lollows confbnr.rably
ancl continuosly thc Coloml)acci Fm. The basal unit is

ciLractcristicalÌy a biotLLrb.ltion horizon (Vai. 1981) pro
clucecl by ttre feeclÌng proccsscs of largcl (molluscs,

cchinicls, etc.) Trubi Ìinked scavanlle$ (drillecl holes
r,lp k) i-6 cnl in cliemetcr).

A n.ìassive, light grey, Tmbi like, 5 to 6 r'n thick
cl.ryev inteff.Ìl can bc distinguishcd, aticr r-hich silty
intcrcaÌatior-ìs \\,ith pirite marcesite noclules are getting
i-rcquent within the blue-gre_v clays. Shortly before 14

n fr(rm the base ol the section (i.e. 11.5 ùr rbove the
base of AA Fm) a biotu ratecl siltv-sandy bed (5-7 cm)
rich of co:Lrse sandy sizecl glauconite pafiicles occLus.

No tìther variali()n w.ls n()ticed up t() thc top ()f
ùcasurc(l scction encompassing 18 m of dA. Fm. Fufih
er analltìcaì data on this sanle secti()n concernìng fìrra-
rrinifcra lncl nannolossils biostratiglaphy and uiagne

'Itx1fìg 6 fjclcl skctch of \{ontkrino scctì(m 1987 shoNing loca
lion oi the lwo c()nposing segrncrìts.
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TexL fiÉ]. 7 Stmligr"phic column of Monticino Scction 1987. 1)
glauconitci 2) marcxsite nodules; 3) *ood fragments;
4) bhurbatbnì 5) bonesì 6) mollus.r (Dreissen.t);7)
Me[anaPsis; 8) Limnocardium; 9) C^ caî,cterioîs: wI ,

cvaporite cycle.

tostratigrcphy are found in Colalongo, Rio & Negri, ancl
Vigliottì (1988). Data on mollusks and palynomorphs
(Taviani and Bertolani-Maîchetti & Marzi, 1988) come
lron other sections of the same quary (mainly the
Monticino section 198i).

DIscUSsloN

The first point conceLnes the nature of the boun-
dary between Colombacci and Argille Azzure Fms. It
represents an environmental jump from brackish (and
possibly short sub-aerial exposure) to bathial marine
water, but it is continuous in te1]n of geologic time
resolution.

Evidcnce of continuity are independently provided
by foraminifera (Colalongo 1988), nannolossils (Rio &
Negri, 1988), biostratigraphy and by magnetostratig
raphy (Vigliotti, 1988) (see Text fig. 7).

Text-fig. B - Str':rtigmphic coLumn of Monticino Section 1985 (le
gend to symbols as in Text fig. ,.

Both biostlatigraphic scales show an upper Messi
nian interval (the Colombaccì Fm) characterized by
poor fossiliferous evidences except reworking of older
Miocene and prominent infiltration of younger Plio-
cene fonns. Pattem of infiltration are worth mention
ing. Infiltration occurs in all three Colombacci Fm sam-
ples. Howcver, it is moderate for foraminilera and
strong for nannofossils (one order of magnitucie less in
size).

Infiltration is self explanatory for sample 3, where
large diameter bioturbation occur and can esily be
assumed at a narrower scale for tl.re entire very thin
Colombacci interval. Moreover, the early compaction
and litl.rification which can be expected for this Colom
bacci environment may suggest easy development of a
micro net of tectonically linked fractures and fissures
(neptunian dykes), which in turn would have allowed
infilhation of early Pliocene mud and fossils. At any

95
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Tcxt hg. 9 s\\'alk)\\, tilil prìnlar-1' t\\rn gvpsunr crysrxl $irh scxso
nal, algae cL pccl gro\th facics xn.l clerr .lixgL-netic
synrîxixl oveÌgro\lth on sì.les Dasrìl prìÍ ol cvcl!'\'Ìl
mxssive selenite lhc biliu.atc txil ls x goo.l i(x)l fìn
sùlrjgrîphic poliìrit-\' Crysrîl size rlìout ; cnì.

lilte. thc best typical earliest P1i()ccr-ìc rìssenlblage
scems to be presen.ed rvithin the scaviLnger tunncls or
thc nicroncptunian clykes.

Foram- ancl nann()s biostratiElrapby also plovidc a

good clocunentation of the earLicst Plìocene MPll
(.Spbqeraídinelk)psl9 Zone. 'lhc base of Pliocene is

caljbratccl to,l.il7 Ma accordjnÉl to the ncw ODP results
(sce beloq,').

In the sanc lvay, both the los'ermost l'lìocene
'lhvela (3.1) noflìral magnctostratigraphic subchron
and the 3r rcvcrsccl chon bridging thc Mcssinian,/
l'liocene borÌnclary h:Lve becn rccognized in lhe sec-
tion (Text-fig. 7) (Vigliotti. 1988, tìg. 2) (Vai, 1989,

Text fig. 4).
Funhernorc. thc SidLLflall (3.2r-1) subchron ancl

thc Nunivak (3.2) chron have also becn recognìzed
within the MP12 biostratigr?phic inten'al, n4rereas thc
f<rlkrr,ving Cochiti (1.1) chron has becn cithel byp:rssecl
by the supling (less likely) or not reachecl t-ith Lhc

secti()n (Tcxt iig. 7) Nigliotti, 1988, fig. 2).

The second point refe$ to age and time span ()f

the Colombacci Fm in this section. A main line ol
cvidence can be followecl bascd on pollen biostratig-
ralrhy (Bcrtolani Marchetti & Ma.zi, 1988). 'fheir de
tailed pollen-curve through the ColoDbacci seclion
shows clear cyclic cliÌ1.ìatic vadations (at least rwo and
hilfclcle.r. A55urni'rg Jn orrnll rlclrt it1 ol rborrl l0'J
for each of thc six major Colombaccj cycles and fufiher

l À lif n ol ì\ l' 'J', , .'. ).r"!,tt .,, tt'.' t 11.

s"l (ÌloÎrlìr..ì Fm Il \'h|r) :rîe:l

'I rxt fi!]. I I D isxrricnlxic'cl \'rlves of limnocrrdi(ls (th r cc clitfc ftnt
spccics) xnl 1llc?:ncrd \\ithin r gr.1\'green sìit\ cl:r).
frcnì rlìc l, slrr/ (i)ìonlìxcci l'm, \knlirho Qu:Lr.!

Text-fig. Ì2 weslwlrrd rhinning out of thc'.lnrk CoL()mbacci Ì'm al
rhc bîsc ofrhe lìghr,'lmbi like arls ofrhc Pbderl)l
.linellapsis Zane (MPll, carlicst Flioccnc). The floor
o[ the trcnch is the top of the !rypsum evaporitcs.
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'feìt tìg 13 lJa.Ìrcl poirfs to the shelll .onrx.t l].'ft\'een d.ìr'l(

ù)loml):rccì lrm (wìIlì r Lliscontinuous c:rl.xre()Lrs
Colonll)a.cio l;ìrcr) iìnd llghr cirrlicsi Plioccrc ùìiÌrls
ol Al.qille Azzune Frì.

correìating the Colonrbacci cycÌe with the pollen cli
natic cyclc shown in this scction, thc rinc span rcprc
,r.ltÈ.t l-rÈ n,,.rl,l .'- . ,,' l: 2 r,, i lJ L

'Ilic thilcl poir.rt is lclarccl to tl.rc r.nainly clrbonate,
rcunded pebbles containecl in tlìe mud supportecl con
gl(nllcratcs and crodccl almost cxclusilely tìr>rr the
underlying Gessciso-solfifèra Fnr ancl tìom the same
Colombacci Fm. 'lhcy suggcst 1) ,ì sh()rl transp()n.lis-
tance linkecl by a steplike topograplry ancl 2) r locaÌ.
stìÌl activc, cil-Ìcrgcnl tlll'Llst cLrlminati()n ()f the Gess()s()-

solfiferu Fm (and of pan of the Colombacci Fm) sep
aratccl fi-on a main. S\V locntccl chain by means r>f an
inten'ening, lacustrine to brackish clepression able to
stop sr-lpp1y ()f ex()lic mated.rl.

The fourth point relates to the lower Plioccnc
scqucncc rccordccl in lhc measurecl scctii)n. The se-
quence of the tìrst three normal intra Gilben chrons
and subchron havc been recognizecl in the section
(VigÌiotti, 1988). Hol'ever, the thickness of ùc NIPÌ2
(nargarilae) Zonc is considerabiy thin and Lhe nannos

zonetion, aftet a fijly clevckrpccl A. Íricot'lticulatus
Zonc. prcscnls srxnc cljfficulties in recoE{nizil-ìg lhc a,'

/'ugos sZone, just close to tl-ìc major occurrencc ofglau-
conite in this section

This cvcnt is rtxrst likcly rclaLecl (r ihe nes', l1Ìte

cerly Pliocene tr.Ìsgression aîfet Íl'ic pL0t cl icl t lLrt.t le.-
tor.ric phrsc (Vai, 1989) rcsponsible lìrr najor rliscon
lilnritv to unmnlÌrrrnitl' in triar-r1 pilccs ()f thc A.ldtLtic
ForecLcep (Ricci Llrcchi eÌ d., 1982; PiLtac(r & Scan
ci<rne 19i16. 1987). At înl' rate the occrLll.cncc L>f I L selli
(clcrrricl crl -1' lttct t tt r.:'sct c<tnctrrcnce) in satnples 1! lncl
20 is tuìì_v co|rsisteùt \\.ith thc NII)13 (pt!ncticuldfo)
Zonc. l\s lì)r thc unclcllying (irlonrltacci Frìt. herc i()o
q,'e ìreve evìclence of increasing antL pcrsisting veLT ì()s'
sc(li1-r-Ìcntati(nl ratc (iLbout 10 nl/'ì\f2Ì îs cotriparc'cL witlt
fìe(luent 200 k) 500 rìì,/NI:ì ).

The \4onticìno xlc:r. theretiÌe. shon' lhnost con

Text-fì9. 11 - Fossilifirous (ì)tuckish molluscs) bldurlìrted Coloor
brcci l'n] (with mrrke,:l 20 c.ì tlìick ipjcal f)lack clay
horizon) confomul)ly overlain by whitish, benllìos
and planì()n rich Trubi like nurls. Notice large, 2

cm tlìick, clark bull()n infììcd wrtlì drc underlying
black clay material. Hamn]er point for scrLe.

::,

t.

e. : '' '

* * dt|ig
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'l(xr lig. Ii Cr)ss scctj()ns ol thc \'tonticin() elì;ì .),

tinu()us scdimcntation lì.om tlìc latc McssiniîÍì Col(nn
lracci F|r to thc Zancle..o pîutcticukttd Zone. Hon,evc,r.
structul:rl high c()nditi(nl espccialll. cleveìopctl clurine
tlrc Col,,rnb.r( cr'.t nd nt( ! rld ri lL!t i\Lcrr.rlr, r'r.tr'tet I t .r

str()ngh' c()ndensccl sc(linlcntati()n $,hcrc ontission lncl
clisior-r surfaces .ue too shoÍ and I eak to l)t: cletectccl
rncl are slatistically disltcrsecl across tltc sequcnce. .T-hìs

allo\ s prcsenlìtion ol r'egrrl:rr lnd corrÌplete sLlperposi
ti()n of units in ltoth rìagnetosttatig!:rpltic ancl bjctstru-
tigruphic scalcs.

Finally. the ùlonticino Quxrl\. nlxgneroslr.arigraph\.
(Vigli(nti. 1988) fullv sLrppor.rs rhc ncu, ODt, crlibúìtjon
ofthe ùliocene,/Pliocenc' lxrunclarl. ut .i.87 ìVl:r lless than
2 m bcl<xv thc l'hvclir cluon (sample 7. 'lcxt fig. 7)
rvhose cluratìolt is culìl)rate(ì iiorn ,i.57 k):i.77 Ma
(Vigli(nti, 1988)1. Thc ncs agc of rlrc hrunclan, l.:rs.
therel'orc. aclopted in this pal)cr.

I)È]I'ORNIAT]O\ PFIASI JS

Del().rììati(nr phascs ciete(.tecl in llle 6el(l l)\'col.rc,-
lative angular unconfìtrntiLics as sho$,n ìn'lcxt tìg. 23 ,

lutc as lìrllorvs.
a) In{m-\,lessinian phase. characlct.izecì l.rr- str.ot]g

cìcvclopccL tlìrLlst sÌtects vergiDg torvarcl thc po lJluin
rvidr back thrust c()Ìllul(rllv nss<riatccl \\,ith tlìc "ft.(nltu1
anticliÌlq" (pop-Ltp). Illcli,thnrst ale tÌì()te flcquent iìrìcl
plominent closc kt lrLnsversal ancl leat. fltrlts (Lr.:Ln-

sprc'ssivc conditions): lhe\..ìt! Irst exposecl in ltlittle
lithorypes like rhe (ìcssoso-s()lfiferu Fm. This is thc
llì()st scvcle phlLse lllecting the' arcî. espccially tlìc
Monticino surroundìng n.herc- it f-ornts a spectacrrlar
angular unconfirrmiry (Text-fifls. /+. 6, 15. 1iJ).

b) I,lttc Mcssinian and intra l)lìoccnc phascs alc
only sLrggestecl here l')y thc t$,o str()n€ily conclensc(l
jnten'als cluring the (l()lomba(.ci itn(l t11e mdjgdri!.!e
(lcposiii(n.ì. A lunher possil:rle disconlbmritl to ur.ì

confìxt ty c>f rniclcllc t() Lrpper Pliocene lge r.epofiecl
on the Faenza sÌrcet (1:100.000 Geokrgical ìltap of
Italy) was nol checked in detail.

A dircct rcsponse to tlìc intl!+Ìioccr]c phases is
thc onsct of the qrrtxrnate shoal dep<_rsition ("spun
gone,, CrcrÌ]()nini ct al., 1982) ourcr()ppjng 1 fe$,, knr to
thc NE.

c) T$o relativch inìpol1ant Ì)lcist()ccne l)lìases
halc bccn rccognìzcd in tÌlc intra Salrbie gialle (lticlcilc
Pleisft)cerìe) uncot-ìlix.l-ìlity ancl thc trnc<tnfìrnuin, :lt the
lr.rsr. ,rl Ilrc rl.rtc ljlÍi-lo((.ner Olrr..,tt.ll,, ln, ,tr,.
1989 ).

sltìLrcllJRAI_ SEl-l.tN(ì

Tlle X,lonticino Quafl]'is jusl lrcrrecl upon a,fìon
tal anticline' of a lhruijt shcet velgìn€a tou,rÌrcl t]lc I'o
Plain seYe'rcll aflcctinfl tlìc prc-(i)l()Ìlll)itcci terrains

'lexGfig l6 - l)ct1ril of 'teÍ ig -2 sh.r\\,iÌrg pron)i,rurt. klrsriii.,.ì
ncplrrnilD dlke ljllrcl R,jtl) nìLÌd suppo((,(l con
lak)rerarc yiclding lergc a r<rrnr ol-lXrnes.



(lext fig. 15) and nainly buried bencath the sealinla
Colombacci to AÌgillc Azzure FDN.

The inÍa Messinian building is tìghtly associated
with some neptunian dyke systems fìlled by the Co
krmbacci F-m lithotypes and rejuvenaLed in middle to
late Pleistocene time.

lfithin the quarry, the gy-psum settinÉl is usually
reprcsented by a steep dipping monocline (Text-fig.

15A) passing west$,'ard to an asymnet caÌ fold (SV
linb dipping up to 45'and NE limb up to 60). The
cover scqucnce (Colombacci and Argille Azzurre F-ùls)

fbrms a uronocline gentle dipping toward NE (30"-20").

The SE paft of the quarry stiil shows a complex
pseudodiapidc folded to cha()tìc slmcture oî the prea-
vap()ritic euxìnic ùra|ly clay wirh tectonic elision of the
lower gypsum rycles (Text-fig. 158). The fàult srirt-ace

of Tet-fìg. 158 is assull.ìed to be paft of a transpressive
back thnist systeni.

BIOSTILA.TI\OJ\TY ANI) TAPI IO\O,\lY

Thc major .urount of concentrated land vefiebrate
bones har.e been four.rd inside or at the top of holcs
connected by a complex netwcxk of karstified cleiÌs
and neptunian clykes cutting across tÌre $'hole gy-psum
evapodte scquence and lilÌed with lithotl'pcs of the
overlving Colonrbacci Fm. Loose bones ot fragments,
however. arc scattered also s'ithin the Ci)lomllaccì F-m.

ir.r its ploper stratigraphic (itl sihl) positian.

SEDIIIE\TARY DYKF t'llt-s ÀND ì\'fECttA.NlcAr cclNctN t MTlo\
(Text-fig. 16 21).

They were alrcacly knol,'in the quarry ancl *'cre
dcscribcd fiom lnany parts of the Vena dcl Gesso Llasin
(Marabini & Vai, 1985). They f'onn a dense, irregular
net of medium (meter-sizc) k) finc (cr.l.l size) sedimen-
tary dykes, stalisticall)j trcnding as tÌre main stdke slip
fault systcms. which intemects the thick beddecl evapo-
dtes of the Gessoso-solfifcra Fm irom the erosional tolr
to its bottom. TÌre irfììling occured in t$'o phases
(Text fig. 19).

The first phasc *as characterizecl l)y thc isoclinally
fblcled to chaotic strrlctr-uc of the iúilled matedal, with
banding n.iarkedly paralleÌ to the dykc walls. Tlìis set

ting, emplnsized l)y the diffcrcnt lithotypes sn'a1low-ecl

ìn the dykcs, suggest an emplacement b). injection
(underprcssurc in the opening dyke holes plus hyclres-
tatic and lithostatic load) (Castellarin, 1982). 'llìe in
fillir.rg material of this ptrasc, bcsides a fèt'gypsum
fragmentij scraped off the walls, consists exclusivcly o1

all diffèr'ent lithotypes of thc Colombacci Fm q'hictr

unconfonnably overlies the evapolites in tlìc sat-ìe

Monticir]o Quarry (Text-fig. 15). The main local litho-
types are: ()live green silry clav, calcrete-ric1.r light

TexÈfìg. 17 \r)rth easlen lìonr ol \lonrìcino QLrxr^. IflcgLÌlnr.
înîsioÌrìose.ì ne1 of sellimentary dykes cutting
across tlìe Lo\\.er Messinian c\aporitcs (numbcrcd
according to thc nìajor cvxporiri. c,vdes) l)otied
ere:rs represent ma1or, bone rlclt Colonì))acci l'ù
bodies lìlljng dÌc scdirìrcnt;Lrl dylrcs (îher cosre 4
o/, tra6).

SW . NE

].ft)NNCINO QUARRY

'lexr fig. 18 Norlh sestem iìom ol Àtonlicino Qurrry, sho$,ing
anlllrler unr.rnlolfllit-v bct\\ten gypsrm e\':rpodtes
end rhc llolonìbx..i r'.ÌÌ hoùsing pockel likc cc,n

r:entration of small rcrtc))retc boncs (xfìcr (bst:ì t
.tL lra6).

.. -, vt ,

lowcr Messi. àn GessosÒ sol lera Fm.

,

50cm

'fc\t-tìg. 19 'l\!O plìasc inflllìng ol sc'rìiÍìcntrn .ìvkes clrtting
across drc g1'psrrm e\'xirorites (Lo*er Xlcssini.ìn)
lnfìlìe.l m:[edel cons]sts o[ Uppcr ùlcssiniîn Cobm
baccj llìl (l sr phase) xnd Pleistoccne sandy clay
(2nd phrse) (aiìer Cost.r et dl,7t)86).

ESE
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'fcrt lig. 20 lhi(li scclì|rcnlrìrv Llyke .ufting ;Ìcross lhe gtpsÌrnr
l:ìvcÉ (1ìghr gr(.\ ) rìnd lìlle.l $ ìLh lì(Jrìc bciìring nìU.l
suPP0ltcd congloIllcrxtcs

green clî\., limcstonc paftc(ngl( nìlcr iìlc. lrrrxr n ,l/r',r
,opsls încl Dreísseud cv\y, ìrlrreg|cen cl:rr., clal.k r,ip, r

r/etis c1ay. l)aracongl()mcrltcs ar-c nolc elrurrclerl irt tltt'
inf illccL mrterial than in the /r? .r'/t/r preseNed co1(n
b.rcci Flr. Thjs can be explainecl b,v botlì tlìc o laiml
setting of thc congloncrìtcs lncl their subsecluent rne-
clrrnical soning ancl concentrati()n; it can lìavc ()c

cuncci cluling thc injccriomÌ lìlling process ancl b_v:L

lìltering elfèct linkecl to the variable riesh of tlic ireg
ular clykc nct. 'l hc Ìocatior.ì ol p|iùrary shoe stringJike
paraconglomente bodies, colnmonly recognizecl in lhc
COlombaccj FÌì, sccms k) havc l)ceÌl cliectly controÌ1ecl
by the mîjor tnnsversal strike-slip faults. r'hich arc
also responsible for cievclopmcnt of seclimentary
clykcs. at lcast in the Vena clel Gesso area (Marabini &
Vai, 1985).

The second phase filÌing is characterized by a flat
lying, lanvitatj\''e, fine bedded, fining-up*ard seqrLence

made up by alten.uting yellowish sand and gray silty
clay ol still undetermine.l (lrossibly Plcistoccnc) age.

Tlie vefiebrate fÌruna is limitccl to the llrst filling
ph.Ìse. It js cxclusivcl,v rssociate(l witlì the Colombacci
Fm lithotypes, mainly dre paraconglomcmtcs and lhe
concreti()n-ricll lighr g|ccn clxy. TlÌe state of pr-esen'e

ti()n ()f (lisalticLLlîtecl bones is usurlly exccLlcnt. cLuc tcr

their [ì!rc] suppoftecl sctting.
'lhc cli,kc tllls are usurlly phne, almost perallcl

each otÌrer'. TT()\\'ever. (ltri sizc (cxccptiolrall)' nt size,

scc'lcrt fig. 19) hernispherlcaì clepr-essions cen olict-t
bc observecl. They sr.rggest e palacokerst rnocLcÌing
phese cniarging prcr'ior.rs fiacture systenls, .Ln(l prcclrt
ing thc nìxjor seciinrentarl. clykc clcvclopmcnt.

lJl( )t-( )(ìtcAt coN"ct\Iù\'t lal \ r\ ri,\rìst'IfoI-t-ts

S(ùllc ot the icliest coìlectiÍrg sitcs show ltlnost
the slnre nunrber of r'ìght encL lcli tcctlì îr-ìcL the sanre

'fc\t'fig. 2l ' x) Chroric (nrjeclion) strucrLu( ol tbc .ìud srìppoÌ1c.ì
conglomcr.ìre inlìlling a) seclimenLary rl,vke; b)
sphaerical hole connecting sellments of scdìmcntxrv
clvkes. c) SmalÌ scalc (cnì sizc) palacok:Ì$t depres
sions prcscrvcd in drc streight \\'all ol1ì sedi entary
dYke.
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tr:lnsp(n1 for boncs fcrrmcd in these sites. N{i)reover. jt

inrplies that concentration occurrecl belbre cleposition
ancl/o| emplacement Of the lll.Ìtrix slrppofting the
bor.res. i.e. the Colombacci Fr.ìì.

De Giuli et n/., (1988) suggest a bioìcigicaì ccincen
trirrion mechanisùÌ clLrc ro prcdator bi|cls iir. ing in tirc
f(r'nrer k.Ìrst holes. Lrplicatklrs arising tiom this in
tclplct?ìtì()n c(r]ccrn agc ilnd bi()stralin(nn,v of thc nri
cr-onnrnrrll remains found in tlìese sites. The age ol
rlìcsc l)ictolaicall,v conccÌ-Ìtralc(l ùicr-()nraùùa1 ncsts
n'oulcl preclate the Colomb:rccj cleposits of tÌrr-- qr.rerry

an(l corcsp(xld most likcl,v to thc eerl_yl.Lte l\'lessinieiì
errersion intetr'al. The present lloating settir.rla ol tllc
l>oncs lvithin thc Colornbacci Ìn:rtlili \\r)ulc1 have been
accomplished cluring the subseqrLcnt plusc cf s,vn

scdinÌcntaly tcct()nic rc.lcli|ati()n. injecting ancl inlììling
of the seclimentary <lt'kes.

'lu'o subscquent filteling el-fècts (first a biologi<'
ancl seconcl x ùechxnicxl one Ìinkcd Lo thc holc encl
neptunian clyl<e mesh) nÌîy account lol the cormlion
se'p:ìratioÌ-r d largc xnd srftrll ùanlmal rcnlilins an(l fì)r-

thc rare ()ccllrence of very hrge sizecl matr.tnìxÌ boncs.

I)ocKÈT t.ìKE co\cr.rN'l Ri\ tlo\s J\slr)r, llll,ir sitLr C()r-()tl
rìA(icr FÀr ( l c)it fjg 22)

The-v are much less frcqLLcllt thîn the previoLrs ( ()n

ccntration t),pcs ancl occur \,-ithin olive-grecn silry clal,
ol thc (irlorrrbecci lrnr. very cìose to tÌte top till of
neptrÌnian dykes. The process cl1' lilling itsclf s as likcly
to pr-()ctrce at its top w'hirlpooÌs al)le to concentr.ltc-
snall încl vcq, ligltt vcrrcbralc boncs. This pert of the
i\4oÍrticino tauna is ùrole likely coevrÌ witiì thc suppolt
irrg Colorrrlr.r, , . , 1.,1. i., . lrr(.r \lÈ'-i-i.rr

INTIìÙRI]TA11ON

Shonly afier complction of thc cally rriclcllc Messi-
nian evap()ritic cyclic sequence. the MoÌlticillo arca
lr, irs stLbjectccl to scvere intr'.I-Messinian cleforrlation
and backthftrsting followecl by a shoft emersion ir.ì

terval.
K.Ìrst s,€atheril'rEÌ startecl along discontinllorLs cva

poritic cliffs morc pr()minently exposecl on the sites ol
the present Santerno (LandrLzzi & Castcllari, 1988) and
Sintdzt Lamonc vaileys (stmctur:Ll highs).

TÌre cliffì were facing noÍhcast$ard a large. flat
alluvial plain cyclically flooclecl by blackish Lt€aomare
s/atelì southwestward, thcy w-ere borclerecl by a ste-
plike krw reiief landscape, followed at lal clistance (S\X/

oî the present devicle) by a promincnt narr()w m()un-
tain ridge separating climatically the relatively \\,et Po
Plain Lagonare from the dryer Tuscan-Tyrrhenian-Sici-
lian area (Vai. 1989). A tholough critical, palaeobotan

-lc\r llg 22 ll)clcr likc olivc grrrn l)onc iclì ù)l(nùl)x.11 rhv xr
the trD oi e nrc(lirùì slzcd ncpftLri;ìn hitÌstic lcssurf
(Z sluperl ,:lrrk bancl). \'le(liull] sìze s:Lmple b:rgs fòr
sciìÌc

ical anllvsis ol NlccLiterrancan ciintiìlc duling NlessinìiLn
is stìll ìecking. Tlowever, known pollen cliaglams (Bcr'

toÌanì Marcllctti, 1985; llerrolani-M.Ìrcheftj & M:uzi.
'1988) suglaest:

l) c(x)1 to colcl ancl wet spells plrnctuîtiog the
naioly walm ar.rcl cLy cvapolitic carly rriclcllc Nlcssi-
nian ancl possibly comesponcling to the cyclic norlnaÌ
irì1Ìrine \\,'ater incomes (clrxinic shalc ìntcrtrcls. Vai &
Ricci Lucchi, 1977)r

2) Inarkecl lcgional vcgct:rtion ancl climalc changes
rìì()ving frorr S to N io tÌìe Mecliteranexn basins;

3) incrcasing ccxfcr and wet c(inditions in the
upper Messinian Cololnbacci Fm (mediocratic indcx)
still couplcd, howcvcl, with marked climatic cyclicity.

Of major jmpofiance is the recurence of Sciadop
llls, $'hich inrplies cyclic establishment ol aseasonal,
continuously wet climate in the late Mcssinian North
crn Apcnnincs.
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STILA.I'IGIL{PHIC AND PALd]-]OGLO(}RAI'HIC

IMPI-ICAT]ONS OF THT MAÀ,{\,LA.L I..AUNA

lwo points necd to be stressed. 'fhough biol()g
icaÌly inconrplctc and unbalanced as cornparcd I'ith
the uppcrlr'lost Mioccnc mammal c()mmlLnities (l)c
Giub, et al., 1988), the Monticino association is of prim
ary biochlonological importance f-or its clivcrse and riclt
rodent content. On the other hancl. fèn' other mamnal
tàuna havc a clear c.Ìlibration lly marinc uagneto- ancl

biostrltilaraphic scrlcs on the samc section, as the Mor]
ticin() fauna hiìs.

The Monticino rnalnmal asseml)h€ae is Pefticularly
s,'ell p()stdatcd by the basal eady Pliocenc Sph{rcloîdi-
rleilopsrs (MPl1) Zcrnc, by the lcrt,ct Amaurolíthus lri
cot'nictllatlts Zone ancl by tltc Thvera (3.3) subchron.

The fauna is predatecì by thc evaPoritic (early

miclclle) Nlessiniln, b-v the intra Messinjan phasc and is

c<rval rvith pan the 3r re'versed chron. Il the biological
concentration proccss is correctly interpfetecl, part of
the fìuna shoulcl be ()f post evaporitic Mcssinian .Ìg.'.

l)rLt sliglllly olclcr thrn the renrair.ìin€{ pall of thc fauna
s'hich is scattelecl s'ithin the l,?.slt& Col()mbacci fm.
'lilc À4onticiiì() scctiol-r strongly suppot'ts a late l(l latcst

Nlessjni.rn age of the latc MNl3 mammal zone, provid-
cd the Morticin(i f,ìuna is c()rrectly rcÌatecl to the lalc
\,1N13 z()nc (Dc Giuli et (11., \988).

Rcccnt !lro$'ing progress nacle in biostratigraphy.
event str atigr'.rplì) , pÌlysical slrati!.1?plìy ancl scismo
stÌaligraphy ìrar.e cnhanced the nccd to brìc1ge thc
corÍelati()n gap ircfrveen isochronous, different magna
f:rcics. this neecl resultccl in rn incre.rsìng rtse of the
ccostntigruphic apploach, especialÌy in the ateas o1'

p()tcntial interfìngefing of cliftèrcnt magnalacics.
Classicaì examplcs ol sltclt probÌcms are rePr-escnt

ed ìry thc puzziinll corrclîli()n betrl'een thc Old Red

encl the Rhenish (or cven Bohemian) Dcvonian stagcs
(Nlarlinsson, 1977, 1980). or betq'een Mcditcrlanean
.rnd l'rl'atethys Neogcnc scquenccs (Iìógl .t Stejningcr.
198ri). Tn l)(fh cases. the critical point is given l),v the
iLppercnt disconnecti(nl l)ctween vertcbratc (mainly
.ontinentel) ancl ntarine invcrrcl)l"te zoneti()ns. This
fact brirrgs in turn clifticulties in detìr'ring bctunclaries of
standard chronostratigraphic units (at s'lì.Ltevcr hie
mrchical lcvel) and in pcr'lbndng reliablc cluonokrgic
corre'lations.

()ur cont buljon ìs a fuftirer slep to\\ ards the itr-
provcrnellt of thc conclation bets'ccn the continenkl
(and Paratcthyan), the stendard stratigriÌphìc ùarille

(Mcditerranean) and the biostraligraphic oceanic
scales. In fact the iinal goal of the ecostratigraphic
framcwork is not k) increase tlìe numbcr ol indepen-
denl regional sÍatigraphic scalcs (as one could infer
from fig. 10.2 in Riigl & Stcinin€Ìer, 1984) but to extend
the use of lhc stanclald clrron()stratiÉìraphi(: uniLs by
rleans ilproved and refincd coffelati()ns.

As fòr palacogeography, the nofihero Sl(^'enian or
Julian scaway from central Paratethys l() Mediterraoean
should have bccn closecl s'ilh thc miclcìle Mi()ccne
(alpuL 11r Nia) late lla.lenian (intra Serravallian) time.
Our clata are paÍly codlicting i,it1ì this îssumptiù].
Therc is a genenlize.l latc Mcssinian invasion ol the
Paratcthys euryhalinc biotlÌs into thc A(l atic an.1 k)
nian Sea an(l the Eastern Mcditerranean, whìcir can

harclly been explaíncd u,ithout physical connecti(ms
(both N ancl S) with the Paralcdìvan \\,-aler masses. On
the ()tlìcr hand, dre marked eastem afllnity of the

^driatic 
llk)nlicino nranmal Lruna (De Girh el a/.,

1988) and its cliffèrence flottt thc Tyrrhenian Baccinellrr
V3 coeval fauna suggest connection of the emcrgent
Adri.Ìtic Apennine s'itll thc castem lancl masses ancl

scparaúon fron thc Tyrrhenien islands. In tlìis vic$.
the termilal Messinirn tcctonics. witlì thc associatecl

strong shofiening .rt the ersten Soutltalpine front (Cas

tellerin & \iai. 1981), was probalrly responsiblc fil the
final closLrle of the n()filìcrn Yugoslavian coricior, sub

sccluentÌy fully hidclen beneath a pile ol Pìiocenc crn
placcd tlìrLrst sheets.
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