
l{i' i.r r l . ìi.rrr.' r', l"|ú, ,r,,1,,-i., e rrr r r;, ,tr.r !oluiìe ltl PP.5r7 5.i0 Jul\'l0c.l

PALAEOECOLOGIC AND PALAEOBIOGEOGRAPHIC CHARACTER
OF MIDDLE PLIOCENE NON-MARINE MOLLUSC FAUNAS

FROM NORTH-\ú/ESTERN ITALY

DANIFI A IISU & ANTON.I I lA CIA\GHEROTTI

Reeirarl Octobtr ) j, 2JJ2: ,rccptad \ o. atl,ct I I . IJC-)

r\cr -orrL: Non m.rrinc moljLrscsr |.rl.reoeco L 
' 
gr : t'.rl.r,:obiogeo

gr.rphrI ìtliddlc Ì)ììocerer Nolth-tesrcrn It.rly:

..l1,irrtr. Sisniiic.rnt nc$ recod\ ('i rich llicltìle Plioccnt non-
n.rrinr nrollusc.rsscnrbh{es ìft,nl rhe Piednonr b.rsin (Norrh-\c5rern
ft.rlr') h.ne led r() rn updrte ol the srrrcnrrric posìtìorr of s,,me rrr.r
knosr since thc enil of rhe l9 cenrum The rc.,,r1l(d nrollus(\ ùN.
lrom cleposìts l,clonging to rht 5.rn l\l,rnìnc' unir in rht \:ill.rir'.rnchi.rn
rlpe-.rrc.r" {Vill;rlì.rncr d'Arti).rncl ro (lunco.rnd Alcss.rndli.r Llisrrìcrs.
\,rrrhr'.rr. r.rr.,rn,r,rcn(Jr.,rl,, \li,l,llcl'l.u.crrTrrrir,rl,rL,rrrl Lr..r
(fl.ùììù.ìl NÈogenc Tomc )l\ l6r) .ìrc oiren rssoci.rtcd s irh rrrrnlLNc;.

A dcr.rilerl p.rl;Lcoecolosìc rnLl p.rl.rcoLiogcogr;phic picruLe of
thc IliclLlle Plioccne.rgrirtic.ìnd rerff!trì,rl rrollusc lrun.rs ir ourlincd.
Thc .r'.cmbhges .ìrc ch.rr.rcLcri.cJ bl I high deer.cc of spccie' dirtrsi,
r' .nJ l). rhe donrin.rnce ,,t l.rnd pr.o',,l,rrnch' .rncl pLrlnron,rrr:s. Thr
prhcotcologìc ch,rr.rcter is rcl.rrcd to the dìfienrt scdinent.rrv i,rcics
rccognisecl in rhc lirhosrr.rri:r.rphic unirs: I' grophilou' l.ìnd i.ìùn.ìs in

p.rlc,sols rnd dominrnt iìqu.ric r.r\.r irì lr.usrdne-prlusrr inc \('din)cnrs.
Therrrophilous sl.rmpr.rnLl iorcst r.u.r poinr to rr',rrm rcnrper,rre.ucl
Lumid climrtc condirions.

.\ bish nunrt)cr ol ,rrrirrct rrr.r .rnd r high r.rre oi cndenrisnr rrc
Lrnderlined. A Ilirll'liocene Ccntrrì-r ,:'rcrn I:urope.rn or igin ir noriced
lor m:rnv species. In rìrc l\1ìi.111ìe l'lioccnc.r sprcrLling of sone rcnesrri,rl
spccic5 rook pìrc( ircm Nortll-sestrnr lL.rÌr ror.rnls Crnrr.rl Ir.rh:

Some ncs crrincr r.rr.r. bclt n.ring ri, rhc i.ìnrilies -\ciculid,re 1Rc
,s, sp. 1) rnd Clrusiìiicl.rc [.ìn,ro1rtr d:i.r (:ubgcn. n.] 5p. l: N(of_i )1,.ir
sp. 1r /irvlrs th vrlrs) syt. ll. rrc;denrifid.

Rri:s,orto. Sisniiic.ìrir i r.cenri firror rnrfnri Ji rssoc'.rznrrrir noì-
luschi conrintrrr.tli nredi,, pliocenici del I'jìemonlc h.rnno port.rto r un.r

re. isionc t:rsonon,ic.r dì nunrerr:'sc specic gìì norc.rll.r iirc dcl 1q'scco-
lo pcrmctt.rcL, un inqu:.lr.rnrcnro prlc,'ccologic,' c p.rleobi,,ge,'rrriiro
clell inricn,e i.mnistico nrJio'pliocenìeo c.rr.rttcrizz,rnte iì seaorc nor.l-
occidcnt,rle itrli,rno. I r irÌ ov)menri \i ì iirriscono .r eleposiri dcll Unnì di
Srn Il.rnino nell'.rr<.r di Vill.rir..rncr J'.{sri e r drporiti tìelle prrn ince di
CLrnc,' e di -\ìer..rncìr i.r in cLri i nolluschi sono rsroci.rri r rcsri di r cr r. '
brl ì dell'Unìtì lj,ru nisric.r clì lin cr sr {\l rnmrl Zonf Il N l 6r) fiieribil.

rì I'lioccnc mecli,,. t..' n,rl;Ìcoi.ìune. crr.rrrcfizz.Ìre th un.rlto grrdo di
dircniLì spccific.r. sono dorrtin.rLe di q,ìsrcrcpodi rencstri di .rnrbicnte
forcsr.rle medio u'ììido e di suoli idronorii. ll c.rr,rttcr'.'prleo.rnrbien
I.rlc.l<ll.,,s<,c'.rzi,'ni rienc mcsyr in rcl.rzione ;ll.r rtlarir.r lirof.rcies:
prlcosLroli idromorlio sedincnti l.ìcu\rfi. Specìe r.r'rrofile ed igrofilc
ìndìcrno condizi,rni clir,.rricìrc urride e tcmper.rro-c.rldc. L.rn.rlisi pr-
lcolriogcosrrfic.r,r'idenzir urr conposizione etercgene.r dellc .rssoci.r-

rk)nì pi.nìonre\ì con prevrìcnz.r dielenrcnri rndenricic rm di origine
mìocenic.r ccrrro-crrr4re;L o clel Plioccne inicrìore c nrrdio dell'llurop:r
ccnrro.'ccident;rle. Dur'.rntc il Pliocene uredio .rlcunc specie tclrestri
si d;tlondono nrll lt.ìli.r centr'.rìc. Fr;r le nlnrerose rpccre esrrnrc sono
ìndn idu.rti ,rlcunì nuor i r.rx,r rppartenenti rllc i-,rm. Aciculìd.re (Rerrea

sp. l) c CliLrsilììdr! I.ilorotqcltìt (\ub{f,r. r.) sp. l. Ne.J.l,?,rc,r sp. l.
tu:utn: r hrult) :yt. ll.

lntroduclion

Since rhe cnd oi the l9th ccntury r ich assen.ìbÌages

oî signific;rnt frcshwatcr ind lirnd rììolluscs \\'ere recorded
ì:1'ancient Authors, such as F. S:1cco.rnd E. Sisnlonda,
ìn thc Pìiocenc scdiments of rhc Picdnont basin from
the "Villafranchian stage" ttpc-irrea as dcfined bv Pareto
(1865) in the sunound;nlis of Villifrànci d'Asti. Similar
i;Ìuniìs.1rc aÌso lecordcd outside this ar-ciÌ nearbv Fossa-

no (Cuneo district) and Tassarolo (Alcssandria districr)
(Fie. l) (Sisnrondr 1851t Sacco 1881, 1385, 13861, 1888,

1839-90). As for the,'ecord of T!'rtjirv non-nrarjne mol-
luscs thc Piedlront brsilr offìrs tht'nain fossililerous ho-
rizons of North-r'estcrn It.l\'. A first gcncr:rÌ revie\\. of
tl.re l;rnd lnd ircsh\\,àtcr nrolluscs considcrcd b1'F. Sacco

irnd [. Sismond:r n as Ìn.Ìde bl \Ve nz (1923-30) and part-
l1; in the last three dccrrdes, bv nranl'other.escrrchers,

I Diprftinrenro di Scienzc dell.r -!crr'.r. Uni.crritì d.'gli Srudì l.,r s.rpicnz.r" .rnd

Ll,r n ie h. e s Lr I'r uniron,ri.ir
I \rì,r (ì. di Virtorìti. l. 0!067 l\'lorlup() (lL\f)r c-nrril: rrrro.cirngherlttit,r libc,o.ir

ICAC-C \R, H. \. ll()r). 5, 00lSi Ronr:li e-nr.ril:
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as Truc (l97la. 1972), Schlickurn & Strruch (1979), Esu
(1982), Mlnganelìi et rl. (1990), Esu c\ Girorri (1991),
Esu et rl. (1993),Cirngherorti et al. (1996),Cianshc'rorri
( 1997a). Ci.rngherotti er .Ì1. ( 1998), Mensanelli & Giusri
(2000:r, b), Nordsieck (2000), cven if nranr' oi rhc n pes

dcscribccl bv S;rcco terc' clcstrol'ed (Ft'rrc'ro N.Iort.rrl ct
rl. 193.+). Luckilv thc Piednront nrolìusc docunrent:rrìon
hrs been considerrblv incrclsed b,v liclcl rcse'rrches clr'-
licd on in thc last dcc,rdc by resenrchers oI rhe Univcrsirr'
ofTurin (C,rrraro 1996 rnd E. Maltinctto) shich lcd to
the iindings of nes l)liocenc fossilifclous outclops rich
in tcrrestri.rl and frcshs atcr nrolluscs.

Vcrtebrate rcrrrlins hlvc been oftcn rccorc{cd bv.rn-
cicnt,ruthors in the s.rnrc sediments. "rhe Villrrfranchiln
tvpe succcssion" proposecl bv Pareto. s hich liclded thc
nrolluscs. In thc 20rh ccnrurl orhcr field reserrches dug
olrt l'nlnY other nricro- lnd nrrcronr:rnrnral renrlins (see

Crrrlro 199(r cum rc[s.). The rrell-krroln Pliocene lirgc
nlnrnrrls of rcrrerklblc strltigraphic intcrest frorr rhe Vil-
lalrrnchi,rn tlpe-rrci irc assigned br Azzt<tli (1977) r<t

thc Trilersr [;aunal Unir, :rt .rbout f ]h (ìVliddlc Plioccne).
corresponding to thc lorvcr Villafr,rnch i,rn M,rrrrm,rl Age,
i.e. to the M.rmmal Ncoge nc zonc MN l(r .rnd more pre -

ciseh'ro "MNl6a" cstrblishcd bl Mcin (1990) (Fiil.2)
since thc Trivcrse irunrs lr.'considcrcd thc oldest Villa-
franchi:rn frunas (Azz;rroli 1983).

Therefore the rich autochthonous nsscmblagcs oi
non-nrlrinc urolluscs frorn the sanre scclincnts vielciing
rhe lertebr.rtes c;rn be referrcd to the Middlc Pliocenc.

- Loc,rrion ol thc "Vill,rlì.rnchì

.rn t\pr-.ìt.ìrr lrrrrt .rn<t the
nuin lorriliierous .itr, our

oi ir.

The .rinr of thc prescnr p.r-

pcr is to give 11 conlpletc pìcture
of the I'lioccne non-nrarinc nrol-
Iusc faunrr fronr North-* esrcrn
It.rlv end of its relrtionships rvith
coeval :rsselrbllges frorl the rcst
oi lr,riien perrinsult lnd Eur'ope.
Thc prl,rcoccologic ucl prllco-
biogeorrrphic :rn.tll sis oi thc
neslr-collecrcd hun.rs, rhc tlx-
ononric rcvision o[ Slcco's nrl-
teri.rl and rhc berrer knorr lcdgc
,rcquired irr tìrc hst veaLs lbout
the Pliocenc non-nrlrine rrollusc
.rsscnrblegcs irom other Irllill
sitcs (Esu er.rl. 1993,2000; Am-
brosctti ct ll. 1995: Ci.rnghcrotti
et rl. 199(;: Ci.rnghcrotti l997rr,

b; Nordsicck 2000) hrve bcen

the grouncl for rhis p.rper'.

The "Villatranchlan stage" type-area: stratigraphic and
palaeoenvironmenlal context

Rccenr srretigr',rphic srudies bl B.rsilici (1996) iìnd
Bo:rno I l;orno (1996:r, b1 oi thc tide "Vilhfranchi.rn
stlge" typc-itrcll conrpliscd in the Asti pror,ince rrlìou,cd

to rccognise tno outcropping lithosrr:rtisr:rphic units,
Fcrrerc (ìoser'-hirìg) rnd Sin N,lrrrrno,

Thc lrcrrerc unir is mlde up oi coarse sirndr'.tnd
siltl sedinrcnts of delt.r frc'nt deposits interfineercd virh
Itc.r.ìr 'c,lintent'. lt le.r. in rcdinr.rrr.rlv cL'nrirìuil\ ()n
littorrl pre-vilhfr:rnchi:rn nr.rrine scrlinrenrs ("Srbbie di
.\sti" p.p. liornr.rtion) rcrr rich in ior,rminifcrs lncl nr.r-

riue tnolluscs oî [arlr'/ùliddle Plioccnc .rge (latest Zirn-
cleln-eirrlicst Piaccnzian). Scr cr.rl rnrrnrnlil rent.ìins, nìost-
lr nr,rstodons, as rrcll .rs littor.rl nr.rrine molluscs lre rc-
corded in thc Ferrcrc'unir.

Thc S.rn llartirro unit is a l idespreld heterogcnc'-
ous ionìr:rtion ol l noticc.rblc rhickncss (abour 40 nr)
llid clo*'n into a deltlic pllin in strltigrrphic continu-
itl on the lrcrrerc unit, rcstih'ini].r gr,rdual transirion
frorrr co.r,,t.rl rìì,Ìrinc lo\\.rrd\ rìrrì-rìì.ìr';nc,. nvironntcnt.
Ir is nl<lc r.rp of,rltcrrr.rting pl.rin-planl lantin:rted siln-
cl;rvel sedinrcnts l.rid dot n in coasr.rl s\\';rrps .ìItd sind\'
bodies resr.rlting bl flu. i,rl chrtrncl intilling. ln thìs enr i-
ronrìrent.Ìl conrext nlinv species oi llnd lnd ireshs,lter
nÌolluscs .rrc recordecl.

l,s. 
'
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I-iq. I ChlrnxLr.rtigr.rphic rel.rtionr,,i \l.rnrnrrl.\ge,.li.run.rl Unir,
rn(l trù)pcrn 11,1,ìn,.rl NcogÙrc (l\lN) zonf\.

Diffcrcnr sedìnr.'rtalt facics n'ìrich qile qood prl-
,lcoeìrvironnrcntiÌl inlormltion, .rrc recognisecl by. Brsiìi-
ci (1996) in thc S.rn \'lrrrino unit to l hich thc recorded
nroÌlusc irsscnbìrrges rr.ill Lrc rcìlted ìn this rvork:

- lithofacies A: sant rnd gralelil sedinrcnts oi
delt,r chanrrels u'ithout lossils;

- lithofacics B: lake rnd pord clilcl scdimenr\
rerÌ rich il,t frc.sh\\.irtcI g.rstropotls,'rncì bivlhcs, such.rs
\-ìtiparus, \',tlz,rtt, PIattorbis, Pisidiru, oi.r lol-cnerqr
freshrveter enlitonnrcnt lncl oi nrlrinrr-rnr l0 nr deptht
m,rnr'pl,rnt renì.ìins.ìnd ostracocls ere lÌso rccorcled iD

t]resc seclinrents;
- lithofacies C: co.rrsc ro iine s.rndl cìeposirs of

fìulill ilood l,ithotrt iossil rcnrlin".
litho{acics D: prlcosols nr.rdc upr of clrrvel silt lerl

lich in lossil lcnr.rirts. Glo diiicrcnt tr-pcs of p,rlc'osols

havc becn distinsuishe.l: hldronrorpìrous r\pe (litho-
facies Dl) rnrr.ie up ol siltr-clrv. oltcn rich in orq:rnic
rrrttct, vìelc1ìng irighlr. hy,grophilous hnd g:rstlopocls,
such .rs Cìir1'clirrli. \crtigt, Otlona, r'odcnrs ,rncì pl.rnt
renrrìins, rs trec renlrins ìn liie positìon, lells;rnd lltge
rootsi non hlclroruolphous tlpe (lithofacics D2),.vith
pedogenctic stllrctur-es, fornred in a lelldrrrinecl grouncì.

in u hich no org:ìn;c lcnì;ìins lre recolcl.'d.
Thc lell corrnron prss:lilc fronr litho|lrcies Dl to

lithoircics B occuning in rhe S.rn NI.rrtino unit is oficn

Plìottttc nott-tt,rrítta nollucs Jirntt \t))th-iirstcDt I lt' 5r9

Irig. l I{.rin ttxsililcrcur ilepoiirl,i Llrc Srn illrnìrro unir in rhc
''\ ilhirrnchirn npr rro .

.rbrupt testifling ,r soil c1uìcli cìror-ning (Basiìicì 1996).
'I'his crrr irorrnrent.rl cir.rnge ìs :rccontpanicd br ,r shlrp di-
i'er siiìcrrtìon in the molìusc .rssenrbl:rqcs,

Thc rich p.rlr nolosic:rl contcnt:rncl pÌant mrcro-r'e-
nrlins recorded ironr the Sln ùlrrtino unit, nr:ìinl\,ironì
hr dronrorphous soils.rncl clllcl scdìnrcnrs rich in org.rnic
nl.ttcr. sl'lo\y tllc cLrrrin,rncc of nrrrtshy lrrd srvlnrpv fìo-
ristic .rnd .rtborell elcments, u irh ,r fen tropic.rl-subtropi-
crì tarr (Betroldi 1996r \{rltìnetto & Maì 1996).

The str;uigrrphic ietting, thc palrcontologicrrl and
p,rh nologic.ìl contcnt of the scdirrrents :rnd the rrrirgnc-

rostritiqr-iphy cilr'r;r'd on thc most conrplerc sLlcccssjon

of this unit (st'.rtisr.r1'hic sect;on at tìDB qu,urv, Vill:r-
irrnc,r cl'Astì) bv cliIfcrent ,ruthols (Lindsev ct ]1. 1930,

1997: (lrrr'.rro 1996; Boeno cr,rl. I999; Napolcone et rì.
2003) pernrit to reiel rhc Srn Mlrtino unit ro the NIid-
cllc Pliocenc, nrorc prcciseì\ .rt l.l-2.9 llla oI the Krcna/
l.rtc C,r,.rss chrons. A fc* r'cm,uli,rble Pìioccnc nr,rnrnrll

rcnlrìins belonging to the T[ircrs;ì F.U., todat stotcd ir
thc Pllleo n t ologic.rl Muscurr o1 BrrseÌ, s'cre r:ccovc'tcd b1.'

N. Nl.rsoer<r fronr RDB qu,rlrr'(Hiirzcler 1967- Azzarctli

VITTAFRANCHIAN
TYPE-AREA
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T.rb. | - [:rrinct non mrrine mollusc species trln, relerteJ \liJillt
I'jliocene io::iliienrus sires oi PiccLn,ont.

1977) nd son'ìc tccth ol Aittll|cus L1r,'erttell/J \\'cIc touncl

in thc follol'inq )ears (Cirraro 1996). Furrhcrnrolc ntì-

cron'r.ìnlnràl r cmajns beìonging to the r-odcnl ,4Podcr?11-l

alsonq,oittcs hnc becn found rt RDB qulr'\' ìu the ltst
vcirs (Ciinilherolri 1997b; Kotsekis ct rl.200l) suPPlY-

ing l frLrthcr good clcnìent of corrcl.rtion since rhis ro-
clent rvas previ,rusly found bl N'lichaur (1970) in Middlc
Pliocene sediments near Ar-ondclli (scc hcrcinLrftcr). The
rich micromlnnraì iauna from Aronclelli described b1'

rrranl Authors (Kotsakìs ct. al 2003) is pl:rced cor-rc'l;rtive

ro rllc uppcl latc G,russ chron (Nrpoleone et tì1. 1003).

Palaeoecology

\lanl fossiliferous Plioc.-'r.- dcp'osits L'el<'ngitg to
thc Srn I'Iartino unit discolered in thc Vill.rfuncr d'Asti
,rrcr in rhc l;rst rcers,rnd the oncs,rlrc'lclr knoln ìn lìt-
cr.rtlrrc \\ ere sampled ìn dctail for rnollusc .rnrrlr-sis. The
m.rin lossiliferous sìres.rre RDB quarn. Arboscl'Ìio qu.rr-r,
Arondcllì, Crscina NIeìon,r. Cescin.r Virrerrgo, Mrdonnl
di C.rs.rle. S;rn Paolo, Dusìno rnd Molinerr.r (Fig. 3). In
several ourcrops nranlnrrl renlrins bclonging ro lhe TÌi\'-
cr's.ì F.u. weÌe iound in,rssenrbh{e wìth nrolluscs.

Ourside the Vill,rir:rnchiln !\'pc-iucrì ir ne\v fos-
silìterous non mxrilìe deposil \\,irs tlìscovc'rcd ncal Ccrc-
solc cl'Alba (Cunco) b1 P Giuntclli. ln thc srtnrc are,l

Srcco (1389-9C) mentions non-nrrrinc nroììusc-beirir'rFl
cìcposits belonrinr to the "Vilìafr-anchiln st,rgc". Otl.rer

sisnific,rnt loc,rlitics, such :ìs Fossirìo (Cunco) irncl T'rs-

slrolo lAlessrndria), are rcportecì bl Slcco in thc srnre

p.rper. ì!l.rnr fossiliferous sitcs arc nr.rpped br this author
in toporrephicel mrps (1:25.000) stored in thc Diplri-
nrcnto cli Scienze della Terr,r of the Univcrsitl of'furin
(F. Sacco's :rrchir ).

Thc Plìocene rssembligcs fronr the \lillafirnchian
tlpc-.rrc,r,rnd out of it rncnrionecl bv S.rcco itt nunrcrous

prpers :rnd the ones neu h collecred rle listccì * irh taxo-
nonic revision in Trb. l; onlv the crtircr rrncl tevised spe-

cics lre reporred because ol rhe inconrplete infornr.ition
on !hc c\lrnt species.

Thc detailed qu:rlit:rtive :rncl quirntitirri\rc prìrcoeco-
logic rnrìvsis of rhe molìusc rs!enbliìges flort e,rch de-

1'rosit, blscd on the ertribution oI elch species to i'r prrticu-
llr biotope, foìlows the classic.rì prìreoecolocic.rl nrcthod
oî Lozck 1t9e+1 in order-ro poinr out rhc'lifc cnliron-
rurenr of the nrollusc faunrs rnd the srrict rel.rtiolship be-

t\\'een the scdimcntan f,rcies.rncl rhe rvpe ol .tssenrbhgc.

Onh',rutochthonous :ìssenrbligcs lrc tiken ;nto :'Ìccou11t.

For thc old rccords menrioned bv S.rcco onll qurlitrîire
,rn,rh sis is possible.

The "Villafrenchian type-îreî" sites

Villafranca d'Asti and San Paolo (Solbrito). Non-
nrlrinc nolluscs iìre reported bv Sisnroncl'r (1851) ancl

Srcco (133,{. 1335, i8S6b, 1339-90, lS97) iro:rr Pliocerre

.rllulill clcposits and lellou.ol grccn-gtrrv rr'rt ls croppìng
our in scverll sites in rhe Villlfr,rnchirn tvpc-rrc.t ('lbpo-

sr,rphicrl nrrps Montrfir 69-TV-lV and Srrtr D,rnrì,rno 6')

lV-lll; l;15.000, sur\,elcd bv lì. S.rcco). Severll nllstodon
ren'ìlins $-erc fourìd in rcddish cì11ev nì;ìrls overì\'ìng rhc

rrollusc-bearing ìly..er s. Thc Srn Paoìo lociìl IÌriìrìrìral fauniì
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is tcnt:rtiveh pllccd correlatirc to tlìe Lrtc Gauss chron

.rt about 2.9 \{.r bv N.rpolconc et iì. (2CC3). Licustrine
nrollusc tax,r pcrirrting to oxr'gen.rtccl rr_.rter boclr', srLcìr

'.ts \,' it, i p ar u s po l l o r cra í, R ii4, n i a tt lt tLt c u Lrt,T, E n n e r i t i a

pliocenica, Gyr'ttrlus albus and Irnd hlglophilous spe'cics

of open-forcst cnvilonnlent. such ls llctriie//a rlepressls-

situa tnà Htyronit ctrintti:sìna, ch,rtectcrisc thcsc sctli-

nrents. Sonìc c\tirlct species belonginq to deciduous lor-
esr ta\:ì (Esu 1999). such ú J,tn l!!s, Discu:, L,rniniJert,
f-ol,aai.r, llso occr.r. A prer alencc of lithoi,rcics B (poncls

or sn-rall ìlkcs) tlith surrounding opcn-ri,oodlencl c,rn be

in ferr ccl.

RDB quarrl (Villafranca d'Asti). Rich nrolltrsc
:Ìssell1bl.gds of l.rncl .rnd frcsh\\';rrcl !1.ìstropods .lnd bi-
viìì\'es come ironr p.rlcosols (Ìithol.rcies D) end.rlter-
nlting lecr.rsrrine scclimcnts (lirholrtcies I3) cropping out
rt RDB qurrri' (Esu I982; (ììrnghclottì 1997b) u,hclc
the San lVlrrtino rrnir is vcry *c'll erposed. Alonq thc'

sedinrcnrerv succcss;on lithoflcics A lr-rd C, boLh b.rr--

ren oi mollrrscs. llso occur- Ifrnl terrestrial hlgrophìl-
ous rlenlcnr\ conlc ironr the subflcies Dl (hldronor-
phous p.rlcosols) rvhich is vell trcclucnt in the sectiort.

Nl:rnv extinct lancl ,rncl ircshrvatcl rlxl, u,hich relch thc
5O'/o of tl-re ror.ìì, occur. Scvcrll ertlnt specics, such ,rs

Pottatias clcg,urs. \'ililltr crist,tttt, \'. piscí*tlis, L1nnde,t
Ínt n eatu la, I' lat t orbi s pLor orb i s,.I tt is u s sp irorb i;, C) tt',r u -

Ius albus, Plantnbarirrs contetts. 'lcntlotrt: lactstris. Suc-

tinea oblorgt, Ti urtc,ttellin,t cl. cdllict,rtis, \'ertigo att-
gustior, Pu ctutlt lJtg//úeunt, Di:crs roturd,ttus, \'ilte,t
(o ftt1ctt1, \i. subrinrtta, Pisìdiu t pcrsonatrTr! ale ilso
presenr.'I'he clorDinancc of palust[ine or Ì.rYgrophiloLrs

l,r.rd t"re, such .rs (-'.ol'cDizrai. \'c'rtgo, Leios4'la, Discrts,

\:in'ea, H1'gronia, is noticcd in thc p.rll-osols. The le-
corded esserlblrrges point to rrlreln:rting llcustrinc ancl

nlrrshrl envir'()nnrent. For the clerlilcd qurnt;trti\ e inirì-
lsis see Cirnsherotti (199 /b).

Arboschio quarry (Cantarana). Non-tlr:Ìrìnc n)ol-
luscs conrc ironr rhe uppel p;rrt oi thc scction iÌr ihe front
of thc Arboschio qùf,rrl at i.l5 nr (=lelel D lithozorte
.{ in Pevir 1970) n'herc the Srn l! lrtino Lurit crops oLrt

overlving the Middlc Pliocene:r.rrine sedimcnts of rhc

Fcrrere unìt. Vcrteblrte reùi1ins c)l the Trilcrsa F.U. .tlc
aìso rccorded (P:rvi:r 1970). An rssenrblage of l.rcustrinc

and hlgrophiloLrs l.rnd gesrropods, in s'hich thc rqultic
prosobrrnchs \. pollotterai ,rnd \iptscil.r1r. :rre dotnin.rnr
(80'Ìr"), is rccorded irom non-nrlrine silrr-m;u'ls,rntl l,r-

custrine cl.u s reicrrcd to tl.re lirhof:rcies B. The l;rncl hv-

IÌrophilous t.txit, Catl,chiu.n ci. tttittirttlnl rnd Nrgrrlrrs

L'ilLaft arcl:iau us, occur in 1o\\'Pelccntrgc (15-9'. in tot.rÌ)
Fragmentall Clrrusjljidae irc ilso plcscnt. The nrolluscs
point to sh;rllorv lrrcl slou-h'currcnt tiìter ind r rììoist

surrounding e'nviroDneút. Il.rnv Icll inrprints,rre llso
recorded uhich shorr- a snanrp pllnt communitv sirh
Aluus and Taxodiun (Marrìnetro $: llai 1996).

Ìì.ì. I Leok'uic.,l 'pectrum oi rh.' ,r,)llu'f .ú'.'rllbljgc li,nr lìtho-
i,rcid\ l)l r C,rrcin.r \ltìr'n.r icl.rr sell). Ecologicrl nr.rrl's:

l\\'(r) - spccics ljling in opcn sootls,,nd scnrbs, sonrctirrrrs in

opur 0l,rLc.r 7l\1 ncsopìrilous speeics liiinsin d.rnrp or Lìrr

pì.rcc':')l' srrongl' hrsrophiì,'Lrs.pecìcs lling in nr.rnhis
or in 'inril.rr .crr d.rrrp ro rcr pl.re*t i0SÌ: rqu.ùic \p(ci(\
lirinl:. in *ill or.nrorinq s.rrcr: l0SPPp -rqu.rric spccic. lir-
ing rìrher in.tillrrcr',r irr nr.rr':hcs.rnd periodìc m.rrshes.

Arondelli (Scarassera). Ar rhe old quarrv oi C:rsci-

nr Arondclli (tochl nanrcd C;rscinr Darnasia), irn old c\-
p"'.rn r i, lJcJ \1.,nìr rììollu\c\.rÌìJ nLrÌlr(r{'J\ rri(r'orììtnl-
lltal reDl:1r n \.

The nolluscs, recoverecl bv M.D.A. Savege of thc
Unilersirl oi IJc.rklev and coll.rborltols, u'ere relerrccl bv
Truc (l97l.r: I l9) tor*enericPlioccne. No list is givc'n bv
this euthor. In the s.rme arc:r;r ne\\'slritigraphic section

ncrr Cascirlr'Ì S.rn N{ertino, s'hcre rhe lithoiacjes B oi the
San M,rrrjno unit is *'cllerposed (B:rsilici 1996), provided

11 poor nroìlusc lssenrblage contposccì of feu, llcusttine
species, \lprr//r,,ricra ì. P cornurs tnè, Pisrrlr;rrr sp., pointin*
to l sh.rllorr r',.rter [rodr', such .ìs i'r pond or.r sm:rll ll]ic.

Cascina Melona (Roatto). On the lcft b,rnk oI rhc
Tri'ers.i river ircsh$:rter and tc'rrestriel nroìluscs conre

frorr siltv cllls ertrlctcd ionr l lS nr deep u'cll ncrrr the
flrm Clscinl MeÌonr North-lcst of Roatto.'fhc lccord-
cd ieun.r (Fig. 4) conrposed m.rinlv oI marshv tarl (9P;

7-1,1"6), such s Can,chirn rnd O.r:Ì 1orrd, charrcteriscs

thc htdromorphous pxleosols (lirhofrcies Dl). The pres-

cnce oi sonlc aqu:ltic clenents oi sh,rllon-natet such :rs

\altata and L1'ttnttea, tesrifies iì r'er1'n-et ground, thirt is

Cascina Melona.
well clay
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V. pollone?i IOSF 2 1.19 l0P 0.89

Pseudamnicola sp. 10sF 38 33 93 10s 2.68

V. cnstata 10P 089 lOSF 95.54

V. piscinalis lOSF 67 59 82 TO 089
Planorbidae indet. r0 089
A. lacustris 3 268
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% 100
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I:ig. 5 - E.(,lo*;.rl 'pctrrurr ,,i rhr m,'1ìur. i"enbl.ì!f ri'nì ìirlr,''
i.rcicr ll .rL C.rs.ir,r \lfl,),ìr irhi,ì()..,(J\ sirct. È-eologjc.rl

nìirli.: l:l' ìqr.ìri..pecier lirinr in rrrr.ho rnrì in 'h.,1
lor s.rLcr rlch ir rcgcr.rLio,r: ICS r,luìrìc 'priit' lrìr,r lr
irill \l.r Ìasl:-.rqu.rric speeic' ììring ìn 'rill or nrovir,r
rir(f: li .ìquri. 'peci.' ror iilenritie.ì.

I liigh lcvcl ot \\ irtcr-t.ìl)le. -Ì'he 
p.rliìeoc.ìrpolo!aic.ìl .ìn:rl\ -

sis of rhesc' \cdilìlents is in rrccorclirnce ,.r ith thc nrollusc
p,tìircoccolog\ shor',ìng.r hìr:h per-cenr,rr:c of nrlrshr hcr-
b.rceous pl,rnts (lVl;rrtinetto & Nlri 1996).

Moreover freshq'ltcr nìolluscs \\'cÌ c l ecol decl fronl
I sedir)enr:rrv deposit cropping our rbour i 5C nr Sourh of
C. Melonl, \\'hcrc rhirloceros re:rrains tefer-rccì to Ste,p/r-

dtnrlrì us jcantirati hl.' bccn collected in the nincries
(Canrp.rnino ct il. 199.+).'Ihe nroìluscs conrc ffolr siìr\
cl.ur overìr'inq thc s,rrrJr lc'cl [,..rlinq rhe llrirr,,rcru.
bones. The lithof.rcies lJ is vclr ncll rcprescnlecl bv sed-

irrrentarv elidenccs and bl the don'Ìinrìlìcc of nlolìuscs
(95,5,t"ri,) requirinu o\\'gcnxîed \\..1tcr1 such is Pseudart-
icoLl sp. and \r prsclri.r/ls (Fir. 5)

Cascina Viarcngo. A vcr-r' rich non-narinc nrcrlÌusc

îssemblilie comes ironr the dcposir oi the S.rn \11'rino
unit cropping out neal Crscin,r Vi.rreùgo (North $ csr oi
Ro:ltto) describcd in Borno N Fonro ( 1996.r). The mol-
ìusc :rsscurbìlgc corrilrg fronr r clrle\- lrvcr- lt :Ll)our I

nr lronr thc b,rsc ol thc dcscribed stratisrlphic sccrion is

very Íicl'r in flcsh\\'.rter.ililstropods. such .rs \'. polloter,ti, \/.

cistat"t, SclJuettcrttet'i tù lcroiri, L1'ttnuea b trccitt iJontti s,

L. peregt,r, P planorbìs, IÌ conteus, A. la<trstris.rnd small-

sized bivalr,es, src11 
^s 

Sphtteriunt carnelln and, Pisid;uùt
cf.pcrsonatun, clr.rractcrising ponds or snall lakes. Thc
lirhofacjes B is recogniscd.

Madonna di Casale. r\ pollrypic.rsserrblagc contcs
Ironr non-nr:rrinc deposits ol the S.rn \l.rrtirlr unir crop-
ping out in .r ploLrghed liclcì.rr N,l.rclonnrr clj C,rsrlc, Norrh
oi C.rscina Vi:rrcngo. ìl.rrshr specìcs, beìorrging ro C.rr1,-

cltiuttt sp., L. truttc,tttla, C. tÌbrs, \'ertigo attii'ertigo. f,rc

clonrilt;tnt (60",,). Spccies oi mc,rc'ot lcss humicl open
rroodl.ind. such.rs I tlcy,ots, D. )t)tullntus. ll,. tlcNetsi5-
:iDti, (ìash1)o7tn lllli utrh ) ncunt il.lzt, Gdsh!coptn (\ er-

tigoltsis) ntoratic,t, eìso occur in krrrcr percentl{e. Thc
composìtiort o1 rhis .rsse'rrrLrllgc sùggcsrs .r Llrolcrancc
ir.orr lirhol.rcics I) 1.

Dusit'to. S.rcco (lSS9-9C) nrentìons tìre record ol'
vcltcbr,rtc lcnriins. sLrch rs.r nerìrlv conrplcrc skcleron o1'

Ihinocelos. .rnd I.rnd .rnd frcsh\',rte r rnoìluscs lr Dusin().
l.irter on thc rììirloccros \-ls reicrrecl to 5.|erzrri,a-etr (Clnt-
prnìno L't.rl, 199.1 cunr reis.). Nel fossiììferorrs dcposirs
rliscor crecl ncll l)usino ccnrctctl in thc llst i c:rrs lie'lded
ìotcr Vill.r[r-.rnchi.rn norr-nlrine rrol]uscs. lr dc.rls *'irh
nt;rrls belonging ro lirhoircics L) L The recorde'd nrollusc
irtun;r is cor':tposccl bi clorrin.urr nrlrshr- clcments (9P;

17,92"r,), sr.rch ;rs ()a1'cLittnt cf. pst'ru{otttrodott rncl \].ra-
rrierrigo, bl roodìrncl hygrophiloLrs species. sr.rch ls Cr.,-

tl:ltnliu,t ci. pt olan outt,r ;tnd flelìtoLLtttr o1.,."rrlrtr in lou cr
pcrccntrgc (6,25'.r,) rnd br uell lcplcsentccl snr.rll-sizcd
bir':rlres. Pr.rr/lalr cdtot.t1trItÌt (+5,S-ì""). liring in rirriorrs
.rqLriric hxl)ìr.rts. Verr d.rnrp conclitions oi rhe soil *hcrc
the nrolìuscs lilecl .rrc inlcrrecl in rccorcl.rncc rl.ith rhe rec-

ogniscrl Iithoiacics.

N{olinctta. S.rcco ( I 8Sc)-901 clcsclibes rich fossilil-
crous cìcposirs ìn tìrc St.rner lsso little r.rìler' .rr thc foot ol'
C.rse li'.rr crsole .r herc l contplerc skcleron ol mastodon
wrs rccolercd. A sicniiicant polvrl'pic.rl oollusc f:rr,rn.r

srs .rls,r recordt'cl trt us fionr .r cut of .r hiìl on the'lcir
b.rnk of Rio Stan,rvesso, rt Molincttil. Nllnv forcst tax.r
oI hunrid cnvironnrent. suclr ,rs .1clcrrLr liiteata, Plan'la
spp., llc,rica sp.1, iltantltinrla ttculutta. ll p),gtt,teun. D.
rott!udnt s, \'in'inobncbiun breze, \. subrintta, R. dc-
ptcssissinta, l!. caritutissitt,t, rc donrinilnt (57.66o;). Thc
sedìnrents ,rrc artributccì to the lithoiecies D L Sonre er-
tinct trr\r1 siqr-rilìclrrt bl ir chrorosrrltigr.rphic lncl ir,rÌec-
obìoeeour.rphic point oi vicu (Trb. 2). such rs llcrrca sp.

I (.r nes specics ol rhe i.rmilr Aciculidrc unclcr studv br.

Ci.rngìrcrorri & L.su), 1)fu1'lr cf. callosa (?),2 cl. klent-
n i, C,tn'clì trn ( Catl cltclla 1 ci. prrrsscgrlr,rncl Ti'iptyltia
,t,t stot/on topltila, <tccut.

The MiddÌe Pliocenc outcr ops otrtside the "Vil-
hfranchian type-arex"

Ceresolc d'Alba (Cuneo). (Srcc() 1886b, 1s89-90,

l397). In the tallcl of the Riccirldo brook flom Pontc
clclla \'l.rdonrr.r to rhe vilirsc of Cercsole d'i\lba ud in

Scurl r',rlle1', r'ìcìr fossilifcrous gr-een-gre' cra'er rìri1ì rs re-

corded br Ir. Sacco (Topogr:rphicel nr:rps N{onteu Rocro
6!ì-II I and Somnrrriva Bosco 68-ll-IV) ,rre rcfcrred to



the "Villafrarchian stage". Manl lacustrinc and rerrestr-ial

spccìes n'er e recogniscd among l hich \,,1 polÌonerai and T
ntastolontopbila, both ertinct, are recorclcd bv lr. S:rcco.

Ceresole d'Alba (Cuneo) (new site). A ncv ios-
siliferous dcposit, fiom l,hcre polvti pic:rì non marinc:rs

selnblagcs hl e been slnpled, u,,rs discolered along Rio
Rìccier do nearby. Ceresole d'Albe bt P Giuntclli. A fir st

an;rli sis of thc rccolcrcd faunas carried out b\-Cìan{ahe-

rotti (1997a) ,rncl on tht' r:ecordccl Clausiliid;Le b)' Nor-
dsicck (2000) ìras pointed out nrìnv extinct species r'ìth
noteruorthl p,rlacobiogcosr':rphic and str:etigr:ephic ìnter-
est (Tab.:). The nel' species oi thc lrncl gcnus llelea
(Renea sp. l) is corrnon to thc RI)B q,.rarrr' (Cianuhe-
rotti 199/b). Manv cxrant tcrrestri:rl and lreshu'ater: tax:t

belonging to lancl prosobr:rnchs (Aciculiclac), land and

aqLÌ:rtjc pulmon:1tcs (ElÌobiidae, Succincidac, Phnorbìdee,
Vcrrìginiclac, Zonitìdac, Clausiliidac, Tripnchiidae) and

bìr'aÌr'es (Sph,rcriidac) har,c been collected till norl'(stutl-
ìes in progrcss). The asscmbhges, colning trorn lvo dis-

tinct lo,cls seperlted bv rn or renic l.r1-er, shon, ,r different
corrposìtìon: donrinant hi'qrophìlous nrat sh,v lnd for-est

clcnrents in the lou'cr ÌctcJ. prevailing stlgnant aqu;rtic

tar,r oi pc,nds or snrall l,lkes in the uppcr onc. Thc ccologì
c;rl ch,rr acter of thc first essenbìrrge is ìn lgreeuent rr,ìth

the danp environment of the hi dronrorphous plleosols
rccognisecl ìn thc Srn Mrrtino unit of the Villefrenchìan
tvpe-arcà, tl.rus ìt is possible to ascribe thc studY dcposit
ro lithoflcics D1: thc second ,rssemblege, thìch slro'.'s
rhe donrinrnce of pond .rnd hke spc'cies, crn be;rscribe'd
to litl.rof,rcies B. The p:rssage fr:om lirìrofacics D I to ìitho
f,rcies B, rvhich is cornrron in the San lvl:rrtino unit, es

ebove said, r'nust be Ìloticed.
Thc corlposition of the mollusc lssemblaqes fron-r

Cer esolc pernits to cor relare thcm to the frunas record-
cc1 fror.n the S:rn NI:rrtino unit in the Vììlafranchi;in t1'pc

,rr ea (Tab. l).

Fossano (Cunco). Along rhe lelt bank of tl.re Stu-
ra di l)cnronte river, in the Fossano district, proboscide-
an tusks and turtÌes were rccovcr-cd bv ancicnt ruthors
from s,rndy' alluvjal Pliocene dcposits. Rich assenrbhqes

of nor'r lnarinc mc,lluscs :rre desc,_ìbcd bv Sacco in menr

papcrs (1884! 1885, 1886a,b, 1887b. 1889 90, 189/) fronr
the lor.er ll ine clal'e1'nrarls outcropping nearbl Fossano

rnd fi om the clou nstre:rm Villafrrnchian nrarls of Rio S,rn

Giacorro near Cascìn:r Costanragna and Casc dcl Porto

(Tbpographicel map Fossano 8O-l-IIl). Thc foìloll'ing cx-

t:rnt spccics lre nìentioncd b-v Sacco (1886b; 1887b): lf
cl"istLrttt, \'t lessonae (=\/. pìscinalis), C. nininun, S. ob'
longa, llonacha cartusiatta, Orcula cktltLtm alid Pl:rnorbi-

clire. Many ertinct rhcrnrophìlous forcst cÌcntents, sucÌ-t

as Gastrocopta (Albmula), Leiostyla. Eostrobibps, Ja11u

lus, Trip4, gh ta, S ch li chumia, characterise the assemblages

(Tab. 1). The recordecì freshwater and ìrnd gastropods

POln! tO X mafsh)-s$-rmPI envlrol'll.rlent.
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No ncn'stratìgraphic srudies arc avaiLrbie about this

area, but rhe occurrcncc of sienificrnt spccies, such ls 1'l

polhrerai, E. plìoceuica, Pagttlulina bellardii, G. (A.1 acu-

n inata, J tx ulus ,utgustiunbt ltcatt s, PoLloneria plìocen ica,

T. nastodontophíla, coÌllrlon to Cer csole d'Alba and San

Paolo (Solbrìto), sussests a Miclclìe Pìiocene agc lor thc
Fossano deposits too.

Tassarolo (Alessandria). South of Novi Lisur e near

T:rsserc,lo, rt thc corllìuence ol P,rré and Ger-alusso r',rl-

lcis, rncl in Vaj rnd Riesco vaÌÌevs (Topographicrì mrp
Gavi 70-II-III), Srcco (1837a, 1888, 1889 90, 1897) dc-

scribcs fossìÌifer:ous Plioccnc bluish nr,rrls verv rich in
molluscs altcrnating to gravelJv deposits. Sacco gives a

list oi significant extinct tara (Tab.1) in which onlv lirnd
hlgrophilous clcnrcnts are present u,ith donrinant wood-
ìand species. Thc cxtant spccics arc represcnted by foresr
rrxe of nroist opcn rvoods such ,rs,4. lineata, A. aculeata,

V bre';e. The lithofacies Dl tvpe could be inferrcd for
rhc scdimcnts l ielclìng such nolluscs. No recent strati-
graphic revìsion of the non-m,rrinc dcposits has been car-

riecl out in the Tassarolo district, nevertheless the occur-
rence of nrlnt cxtinct taxr con'ìnlon to the other con-
sidered Pliocene sites pemìrs to corrcl:rtc rhc Tlssarolo
rssenrbìagcs t,r thc studv Middle Plìocene mollusc frun:rs
frorn Piednont.

Palaeobiogeography

Many signi{icar-rt species are conlllon to thc rnves

tig:rted Pìedlnont sìtcs (Teb. l) pointìng to a rvide cìistri-

bution and a coeval prescnce of the recorded assenrbìages.

In Tabs.2 and 3 the stretigraphic and gcogrirphìc range

of each extinct specics is gii.en.

,\s a rvhole the Piedrnont iruna ìs ch,u-actcrised b1'

a quite hìgh number of extinct taxa (about tivo-thìrds of
thc total) whìch can reech nrore than 50% of the mollusc
assemblage in :r single sitc (for exrrmple at RDB quar rv
and at Ceresolc d'Alba, nerv site). Fr onr a palaeobiogco
graphic poir.rt ofr,ien it is possible to distinguìsl.i different
components ìn thc Middìe Pliocene Piedmont fauna:

a) a ven, lorv percentase (6"1,) of species of Mi-
occnc Central Europear-r origin. Thrce land prosobtanchs,
Platyla cf. c,rllosa. G. (A.) acuminata a,nd L. gottschi.cki,

are rhe ùosr archaic species (Tab.2). The closcly related

P caÌlosa is known from the Earlt' Miocene (Burdigalian)
ofTuchorióe (Bohemia) (Boeters et el. 1989) rcfcrred to
the Mammal zone MN 3 (Orleanian) (Esu 1999); G. (,4.)

dcuni attl is r e corded from Middlc Mioccne deposits at

Mòrsir.rgen (B:rdcn Wùrtten.rberg, Gernrany), at Undorf
(Bayern) (MN 5, C)rleeniar.r) end at Steinheirr am A:Ì-
buch (Gcrn.rany) (MN //3, Asrat acian) (Finger 1991ì;

Esu 1999); the record of thrs species, r-lnder the nanle ot
Pupa larteti, from Middle Mioccne deposìts of Sansan,

France, seems tc, be relerred ro MN 6; at least l. gorúJ-
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T.rb..l - Str.rtirr.rphic.rn.l geogr.rphic rrng. ,ri rhe \lìddlt I'lioccnr errincr non m.rrinc nrrllusc' ironr Picctntot.

c/rzc,èr comes Irorr the Middle Nlioccne deposìts of Stcin-
heirn:rm Arlbuch and Hollabrun (Austria) (ì!1N 718)

(Esu 1999 cunr refs.)i
b) a good numb.'r of species (20'lt,) recotdcd fronr

the Errlv and Micldle Pliocenc deposits oi \\tstern tr.r-

rope (Ccìleneulc, Hautcrives .rnd Vallée des Tilles, Ccs-

se.r'-sur Tillcs. Rhóne basìn, Francc), slrch u H. (l l.) du

bnreilliatta, P klenrni, S. lcnoiri, C. (C.) prrisseguri, C.
(5.) pacl:1'chìlun, C. (5.) psaudotcn'odon, C. laei.,issim,t,

\l (\l) noulati, N. Jischeri, H..drlrlrtir.vr7,r irnd the gcncra

LaninipIic,t, llottopt1,cbia md klt|icleunia (Truc I97Ie,
b; l912; L,su 1999; Nordsieck 2000).
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in ltrlt:

c) l small nutnbcr ol specics (8"/") knorvn orrll
iron the Middle Plìocerrc of Ccntral Europc (Frechen

:rnd Forruna Rheinischc Braunkohlc. Cernrrnr', Schlic-
kunr Ei Strruch l979), such r V polLnerai (?), L. buc-
cinrJinntis, G. (V) noracic't and A. spìelthraesi;

d) a proailing stock (66%) of endenric c'lemenrs

dìstributed in seler:rl Picdrrront sitcs (Teb.1 ) rnd restrict-
cd to the lvlìddle Pliocenc'.

Morcover the p,rl,rcobiogeogrlphic irnalvsis of thc
rccorded t,rxr points out that during thc Middle Plioccnc
rhc sprerding of sonrc rcrrestrial spccies, such rs H. (H.)
clubrueillidn,r, P ci. c,tllos,r, C. (C.) ptrixegrri, C. (5.)
pach)'cltilut, C. (5.) psudotetrodon, N. úllafiturcbiat us,

Q, (A.) ,tcunitutta, G. (\l) noratiot L. gottschicki, E.

aloisii, N. fiscberi, P pliocenica, took pl,rce Irom North-
rvestcrn Itrll torvlds Ccntral It:rh rvhere thcv persisted

Plioctue ton-n,trine nolltts Jion Notl:-.;cstrr ltdll' 525

'Iitr. .1 - Chr('nosrrìrigr.rphic rrnur oi seìecrcd genere recordcd irom
Il itldlc Plioccnc Piednxrnr sitcs.

until rhe Lerc Plìocene (Tabs. 2 and 3). ActuaÌly thcv are

rccorded from sevcnlMiddle and Late PÌiocenc deposirs
of Tuscur'. Unrbria and l.atium (Manganelli et al. 1990;

Anrbrosetti et rl. 1995; Cianghcrotti et al. 1996; Petronio
ct.rl. jUUU-jUUl .lrlo Der\onìl OJt.t).

Onlr,,r fcs,spccies, such as C. (C.) puissegui, L.
buccin iftnr is, N. .ci llaft'ancltiarus (?), G. (V) noratica
a,nd P lunensis (?), extend into thc Early Pleistocene of
Italr.; C. (C.) ptisscguri is also recorded from the Early
Pleisrocene oI Frrnce andG. (\t\ notat'ica from thc Ear-
Iv Pleistoccne of France, Hungarv and Czech Rcpublic
(l.oZek 1964; Kr olopp 1983).

At genus or subgenus ]cvel thc Piednront asscmblag-

es are characterised bv some archric thermophilous land el-

ements of prclailing Paleogene-Miocene European origin
(Trb.4). Scr,er:rl tasr, such as Nrjl//as, Castrocoptu (Albiìu-
la), Leiostyla (Leiostlla), Eostrobilops, J anulus, Palaeoglawli-

u, Tì'ipq'chù, arc disrributed in various Oligocenc non-nra-
rine deposits of Europc; a feu' lre knol'n since Paleoccne,

such a,s Palaeoglaxdirra, or since Eoccne, such as Negulus,

G.tstrocopt.. (AlbinuLr) (?) andfi'ip4'chia; sonrcone clsc. such

s Scltreft enntet i citt, Gasù'ocopta (l/ertrgop.srs) (?), Sen'u lella,

Nc,rdsiecki,r, Schlìcb orzra, is knon n sincc Miocenc (Esu 1999,

cum rcfs.); particularlv the genus ScÀllcÈznria is confincd ro

non-marinc basins of South-s'estcrn Europe (Spain, South-
eastern Ftrncc and North-\\'estern Italv) (Truc l97lb).

Most of these taxa, such as Sc/r,ette,r ntericia, Not'-
tls i cckia, Po I I or eri"r, Lan i n i pl i ca, Trip4, ú ia and S c h I i ch u -

lrir, died out in thc Middle Pliocene, others sun ivcd out
of Europe in other continents lnd at different laritudes,

some in rvarnrer regions: Negrils is living in Eastcrn Af-
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rica (Ethìopìa and Erirrc;r) (Fie.6); Gastro.aptd (Albil Ìd)
is ncariic (sonre spccics li\.e in Merico ancl Ccnrrll-c.rsr-
crn United St;ìtcs): Leiostyla (LeiostlLt) ìir.es in l\,1:rcL: ir.r.

Canary Is., Azorcs, Algeri.r,rnd sporadicrlll in \\irreln
Europe as rcliu, Eosn'obilops liles in Eastern Asir SoLrrh
of +0"N (Fig. 7), Janulus livcs in Madeira :rnd in C.rn.rrv
Is. (Fig. 8) (Eru 19991 Caneron & Cook 2001).

The palvnolorical datr silen br- Boncfille er .rl.

(1987) for thc Middle Pìioccne (3.3-.2.9 ì!lr) H:rcl,rr For-
nation iì'r Ethiopia, rvìrere the eenus Negalr-s is rclicr ro-
day, indìc:rtes rhat E,rst Air-ica q'as $ etter rhîn rr prcscnr:
probably Negr.r/z-r had rr rvider distrjbution in rhrr rjnrc.
even if fossil recolcì of thìs genus are nor known rhere.

Conclusions

The investisared Middle Pliocene scdìnrents r.ield-
ed large and nell diversiiied mollusc faunrs, Ifanr.firnri-

1ìg. S Dirrtjburion rr.rp,'i rh< genu'/,,,r,,/,is Lo"e.

lics erc olten reprcscnrcd in rhc polltr pic.rl essernblagts
conrposed ol ìud and ftcsh\\'itter trxl. At the ntrin fos-
silìferous sites, RDB qtr.rlrr .rncl Ce rcsole d'Aìba, oler 2.{
lrrr-niÌics oi prosobr-;rnchs, hcrerobr-lnchs ilrld pulnronirtcs
occut * hjch points to f.rvrur',rblc clinratic condirlons for
thc rnoÌluscs.

It is notcnorrìrr rhlt .r high llre of ertinct t:rr,r
(rbout tro thirds ol thc ror.rl) occuì's ìn rhe Pieclnronr
f.run.rs.

Dilcrsc pal.rcobiol<rgic.rl ericìcnccs crn be rroticccl
fr'om the rrrrious deposition.rì enlironnrcnts recognisccl in
rhe inlcstìgated .rr e.r. Thc .rssenrbì.rgcs sampled in dcposìrs
charlctcrised bl the lìthtrl.rcic.s Il.rrc generllh clonrinlrecj
bv aquatic t:ì\:r lcpl-cscllîcci bl lrcshrrater prosobrlnch.
hcrcrobtanch and pulnron,rtc ur'isIr opocls, such as l/i,i,ga-
rus, \,bhata, Glnaulus, Plarorbrrrius, L),ntnaea tnd srttll
bìr'lr1i es oî the gcnu s Pisil itn. I n this frcies lend tar:r ar e

subordinate ilnd rcpÌcsenrccl onh bl highlv hlrrophil-
ous pulnronates, such as Or1,ft.,iila, Ca\tcfi4rrt 

^n4 
tt'r-

aaed, living in drnrp pl;rccs nerr the bar'ìk oi rr-erer bodr:
The stnccoÌogicel ,rnlllsis of rhe rccorded species slros s

the occurrence of hr poh.rlinc and .rlnrost shrÌlo\' \\':ìtcr
cnlironnlents, ìikc' stiltn.ìnr ind r crl vcgetrted ponds or
smalì Iekes, r'hich is in irccordince *'ith rhe sedilncnro-
ìogicel anal1-sìs.

The assenbhgcs fronr lithofrcies D1 arc chrrac-
terìsed b1' hìgh percenr.rgc (or rr le:rst ovcr 30')i,) of hnd
!ù\i anrong r*hich nrarshl clcnlcnrs, such ts C,n1cbíun,
dominate; this gcnus, ofrerr rcprcsenred br.morc rhan
one spccies, ciìn rerch rhc S0');, oi the nrollusc lssenr-
blage. Other ìend clenrents, sr.rch :rs Lero-stl'1a, S'rccirre.i

.rnd different specic.s o[ \ ir-rlgo, r.hich require damp or
vell demp conditions, oîtcn occur. \loreoter in this litho-
f.rcics ruanr trrr inhtlriting ntor-e or less open, decidu-
ous and moderateÌr' n'roisr s oodllnd. s rch as AcaúbiruLt,
Dirus, Puttctnt, \iítrcd, Rettn dla, prevaìl end thc rqu:uic
elemcnts, r.r.hich are reprcscntcd bv trxe ir.rhabiting sm,rìl
ponds, snch as /l1sa ,rncl differcnt species of Lynnaea,

* = lossil
lllll : tíÀg

Fig.6 Disrtil.ution nrìp ol rhc gènu\ \€grlr. Bocrr{er.

trìg. 7 - Distributron nr.rp ol the genus Eosttabilop: Pilsbr1,.



|ìr.9 - Gcorr.rphic.rl dittLrsion "i i']iedrront n,'rr m.rLine mollLLscs

durìng rhr \liddlt l'jlioccnc. Signilic.,nr \liocenc.rnd l'lì.,ccne
non-nrrinc L'rsin' rrc poinrtd our.

îre subordinrte. Some prc,sobranchs and hetcr-obranchs

prcferrins norc o\l'llenìred n'iìter, sucl'ì i1s \: cristata,

Schuattcmntcricìa, Pseutlannicola, occur locallv testifv
ing rhc suppll oi springs or streams. The recorded as-

scr-nblages char;cterjse .1 verv drnlp or lllarshv cnvirorì-
n)cnt, like hl drorrorphous soil to t hich the dcposits of
lithofecies Dl are r eferled.

Generlìlv the pirl:rcoecologicirl an.rllsis ol tlrc as-

sembl,rges shorvs r donrinance of highll hlgrophiious
hnd lnd m,rrshl' t.rxe.

The vcgetatìon cover ought to be mainiv arborcal
in accordancc to nr,rcroiloristic and paÌvnologic.rì arulr.scs

rvhich show thc diffusion oi the rhermophiÌous Taxodi-

ton úd GLyptostroDirs ,rrbore,rì taxrÌ in th:ìt area (BertoÌdi
1996; Martinetto & \4rì 1996).

Fronr ,r palacoclimltic point of licrv the presence of
rìiìnl mollusc t:ì\l n'hose modern telative livc in tropical
or subrropical arens and the richncss .rnd I;rtge diversit,r'ot
rhc mollusc asscrnblages point to n at mer conditions than

present in iìgreement u ith thc palynological evidence.

Fronr a palaeobiogeographic point of liew thc
Middlc Pliocenc'non-rrarinc rnollusc f,runa from Pied-

monr sho\\'s various elements s'hich point to l Miocene

(in lol'er percentage) and Earhi'Middle Pliocene origin
ironr Ccntral-V,/estern Eulope and a prcv;rlent stock of
cndcrric ertìnct species.

A spreeding of son.rc land species rook pìace during
the Ntiddle Pliocene ironr North-s'cstern Itall' ros'ards
Central Italv (Fig.9) rvherc thev persisrcd till thc. end of
the Plioccne, probably supported b1'.r gencral diffusion
of thcir f.rlounble h:rbitat along the Italian peninsulx

at rhe tinle spirn trliddle-Lxte Pliocenc: marshes rnd/or
srrlrrrpl sutrtropical forcsts, as it is resrificd bl th" o.-
cuncnce oi mollusc lssemblages requiring simillt envi-
ronnrent in the Middle Pliocene deposits of Vrì di Pesr

(Tuscrnl ), Canroreu (Unrbria) iìnd Fabro (Latium) ancl

in thc Upper Pliocene sedinrents of the Fossil Foresr of
Durrarobb'l (Unrbria) (Ambrosctti et al. 1995; Petronio
cr al. 2000-2002). The high frequenc;' of thermophilous
and subtropicrl forest elenrcnts in thesc assemblages is

indicrtive of a s arm clinì;tte and of diffuse moist forest
biotopes in the Piednlont blsin irnd in CentraÌ lt.rlv dur-
ine thc Middle Pliocene srrnr perìod and a part of the
Latc Plìocene.

Thc Plioccne fossilifcrous non-nrarine scquence of
the Fossil Forest of Dunarobba (Tcrni) representing the
upper pr! t ol thc Fosso Bianco Formation rnd the Ponte
Nrj,r Folrration at Toppetti quarl \' (Todi) arc beÌicved to
be L:rte Pliocenc in rge (.Iab. 3) on rhe basjs of vcrtebr:rte
elidence, poììcn anrlvsis and nagnetostratigraphv (Ab-
bazzi et .rl. 1997; Pontini c\ Berrini 2000; Nrpoleone cr
el. 2003), The rccoldcd mollusc lssenrblages from these
ts'o sitcs, espccially the ones iron.r Dunarobba (An.rbro-
serri et irl. 1995; Perronio et al 2000-2002), shon, a cer-

tain sirnilrriry in rhe faun;rl corrposition rvith the Mid-
dle Pliocenc Piednront one mainlv as for the e>rtinct land
species, nevertheless the higher perccntage oi thc cxtant
spccies in comparison q'ith thc extinct oncs and rhe hck
oi scverll Piednront land taxa charactcrising the Triversa
fauna falor rhc arrriburion of the to'o cons;dered sites oI
Cerrtral ltirÌy to the I-ate Pliocene.

t\ckro'alul'sctne,ú'.Thtnhs erc tlue to |. Crmprrnino. Museo llc-
snrn.rle di Scienzc Nrrur.rli oi Turin. ior supph ing iofc'rm.rr;,'n .rbout

Sicco's mrps. io C. lìorno:rnd E.lvlrrtinetto. Universitt ofnrlin,.rncl P

{ìiunrelÌi n,r rheir help in the iìe'ld resc.rrch. ro R. Jansscn, Scnckenberg

\luseum in I'r.rnkiurt.r. !1.. for the disposal oi rhe nr.rl.tcol,iqicrl n.Ìre-
ri.rl ,,nd ro O. Gìri'tti. Unirersìrv of Ronre. for thc uscful dìscussions ,rt

Senckcnberg \luscurn. \\brk prescntecl rt the \\brld Congress otll:rl.r
colos\ 2001. $'ien (Esu :001), s!pporrcd bv lvlURST 160'1, "ivlolluschi

conrinenrrlì e mi,:romrmnifcli dcl Neogene ilcll ft.rlir").

ltliocenc tton-tnarine uollu:cs fron N otllt-ri,r:sttttt Ital,
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Appendix -Taxonomic remarks

Tabs. I and 2 are drawn up taking inro account rccenr sl,stem_
.r^ r'e'i'ion. ol,ome trrli.rr :rd Ion gn,pecir.:

vertigo (ScarabelLa) fossanense Szcco (1s8s), V ls.r rrJ.re,,5
lÌr. qaataordentata Sacco (1s86), V (S., capetlinìì Sacco (.1885),V (5.)
capetliniì aar. tìgu*ica S^cc(, (.1887) , Ptpa lafteti D\rpry (1s50) , p d,pryì
Michaud (1855), G,zruro copta (Vertigop,n) ne;jerl Schlickum (t 928), G.
(V) lernt Schlickum & srrauch (1e7e).

V (5.) Joxanense, recorded from the type locality of Fossano,
is believed to be subspecies ol Gaxrocopta (Albinnla) acuminata (Klein
1846) from the Middle Miocene of Mórsingen (ccrnany) b.v \renz
(r923-193a: 919, "G. (A.) acumìnata fossanensis"). On rhe contrarll
according to rhe revìsìon of rhc European g:strocoptids b1, Mang:nelli
& Giusri (2000a) u (5.) fa'sanense n)stbe considercd junìor synonynr
wtth G. (A.) acanìnata.

Moreover rhe follo*.ing h>ta, V ( S.) fossdnen\s rtr. quatuorden
tata fromFossano,P krterl from the Middle Miocene deposirs ofSansaù
(France), G. (A.) acaninata acunínara (leg. G. Truc, SMF 22451s/s,
Senckenberg Museuin IFnkfur!) from rh€ Lrre Miocene deposirs of
Molìon (France), G. (A.) dcuninata fossanensts (SMF 248617 / ti 271529/
17;27453a/1) fronr the Middle Pliocene deposirs of Frechen/Fonunr
(Gernrany) and of ltaly znd P dapqi (SMF 2745j4/1) from the E:rrly
Pliocene deposits of Heuterivcs and Celleneuve (Rh6ne basin, Frunce),
are also believcd junior synonyms with G. (.4.1 a cuninata bv Mengl.ne.Ji

& Gjusrl (2000a). On rhe brsis of rhese opinions and of our conpari
son of Itrlian mareriai from Piedmont and Umbr;a with specìmens of
Cdsùaco?td (Atbínuld) srored in SenckenbergMuseun of Frrnkfurt we
agree rvith rhe trvo aurhors.

U (5.) cdpelinit \ú bgurri., from Trssarolo is, in our opinion,
s,vnonl-mou! r'ih V (S.l îd?elLinì; lrcm Fossano due to rheir srrong
siniìarit,v and ro rhcir co-presence in the sane deposìts 3r Tassarolo.
The shell characrer of \.f (5.) upetlinii tttows ro ascribe ir to rhe genus
leiosrlla (Manganelli et e1. 1990). As the prescrved Sacco's materialjn
Musco Regionalc d; Scienze NarLrrali of Turin is very poor Oicrero
Monara et al. I981), r conspecificity b eween L. capettinii anà L. gotx
róicÉt is difficult to statc even if vcry probibre.

G. (V) tlehni iron the Middte Pliocene oi !rechen and Fortunr
(Rheinischen BrauDkohle, Germany) rnd from tljo-ptejstocene Itaiian
deposits is believed ro be junior synonvm wìth Gdstlo.aptd (Ve]1ígop-
sts) moraztica (Petrbok 1956) from thc Early tleisrocene o{ Hungary
(Trb.2) by Manganelli & ciusri (2oooa). G. (V) neijeri from thcLare
Miocene of Hungery is also held (*,irh doubr) bv rhese authors con_
specific with G. (V) nr:raùca.Indeed the specinens ot C. (V) ne;jeri
stored in Senckenberg Museum (SMÌr 2171I1l1 hototypus, 274615,/55)
rre vcrv closely relared ro G (U) noldríL-a.tn thìs case the srratigraph
lc ranse ol . (yl noraùca sh<nld.-ncnd fron rhe Lare Mioccne ro
rhe Early Pleisrocene.


