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ABSTRACT

Ibe Montecalvoin Foglia basin(NorthernMarche, Italy) is infilíed by
rudite and arenitedeposits.The rudite facies (conglomerates)are mainly
representedby carbonate,chert,andsandstoneclastswhile thearenitefacies
ischaracterizedby a quartzolithicor fedspadiiclitharenitepetrofacies(mean
values: Q

47, F,8, L35). This is characterizedby a large number of lidiic
fragmentsreflecting a local provenancefrom the sedimentarycover of the
MarcheanApennines.

Morphometricandcompositionalaualysessuggestdiat therudites,mostly
madeup of pebble-to-cobble-sizedclasts,derivedfrom the erosionof the
«Ligurid» sequencesto the northwestof the basin.They wereelaboratedin
fluvio-torrential systemsunder temperate-warmclimate conditions.
Afterwards,duringrelativesealevellowstauds,diesewereeroded,cannibalized
andresedimentedinto fasisor apronsconfinedto thenarrowsub-basinsof the
Adriatic Foredeep.

Texturaldataof the arenitesshawaprematurediagenesis,characterized
by a rapid formation of carbonatecement,which inhibited the mechanical
compactionof sediments.

Key words: NorthemMarcheanApennines,Pliocenebasin,cannibalized
fandeltadeposits.ruditeandarenitecomposition,provenance.paleogeography.
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RESUMEN

El relleno de la cuencapliocena de Montecalvo in Foglia (Marche
septentrional,Italia) serealizópordepósitosrudíticosy areníticos.Lasfacies
rudíticas(conglomerados)estánformadasporclastoscalcáreos,pedernalinos
(cuarcitícos),y de areniscasmientrasque las facies areniticas(areniscas)
estánconstituidaspor una sola petrofacies: cuarzolítica o litareniscas
feldespáticas(Q

47, F1~, L35).

El estudiomorfométricoy el análisisde la composicióndel sedimento
revela que la génesis de estos depósitos está relacionadacon el
desmantelamientodelasáreasmadresdel Apeninomarchigianoporsistemas
fluvio-torrenciales bajo los efectos de un clima cálido templado y que
posteriormente,fueronerosionadosy canibalizadosenlos estadiosdebajada
relativadel nivel del mareincorporadosa lacuencasedimentariamarina.Por
otro lado, el análisis sedimentológicorealizado al microscopio revela la
existencia de una diagénesistemprana que inhibió los efectos de la
compactacióndel sedimento.

Palabras clave: Apenino, Marche septentrional,cuencaPliocena,
depósitosde fan delta canibalizados,composiciónde ruditas y arenitas,
procedencia,paleogeografía.

INTRODUCTION

TheMontecalvoin Fogliabasin(MCF) belongsto aforelaudbasinsystem
or foredeep.It is locatedon theApenninemargin (Marcheregion, Italy) and
shows an asymmetricstructuredue to piggybackthrusting; Fig. 1). It is
ouiginatedaud evolved duiing the compressivetectoniephasesfrom Late
Miocene to Early Pliocene(Synorogenicmolassestageof Ricci Lucchi,
1986). It is filled widi allochthonouschaoticunits (Liguride Complex)and
Pliocenemarinesediments.In thisbasindieupperstratigraphicsequence,142
m thick, is characterizedby eight coarse-grainedbodies; Figs. 2 and 3).
interbeddedwith hemipelagicmudstones(Capuanoa al., 1989).

The interpretationof the depositionalprocessesasid environmentcould
have implication for the gravitative transponmechanismof the Ligurid
thrust-pile.In fact,thenorthernpanof die basinisoccupiedby allochthonous
units of theLigurids, consistingof Jurassicto Miocenesediments(Capuano,
Tonelli & Veneri, 1987;Capuano,1990a).

Thepurposeof thispaperisto outline,throughmorphometricaudmodal
analysesof areniteaudrudite facies,the relationshipsbetweencomposition,
provenanceandpaleogeography.
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Hg. 1.—Locationof theinvestigatedareawhichshowspiggybackthrust basinof Montecalvo
in Foglia (MCF).

Fig. 1 .~ SituacióndeláreainvestigadaquemuestralacuencaacuestasdeMontecalvoenFoglia
(MCE).

GRAIN SIZE, MOR.PHOMETRYAND LITHOLOGY OF THERUDITES

Rudite facies in the MCF basin are representedby mainly massive
disorga-nizedclast-supportedconglomerateswith auareniticmatrix (Fig. 4).
Some-times,inverse-to-normalgradingoccurswithin the basalpartsof the
rudite beds; the areniteportionsmay display vaguehorizontal laminations
(Fig. 5). Theserudites facies are intercalatedwithin bodies2, 4, 5 aud 6,
outcropping at the western basin-margin(proximal area; Fig. 3). Most
coarsematerialaccumulatedat entry point locatednearMount Osteriaccia
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Fig. 2.—Vista generaldel flanco norestede la cuencaMCF Se han,ndicadolos escalones
morfológicosde loscuernossedimentariosn’ 1 a 5.

(Fig. 3).Samplingof largegravelpopulationshasbeencarriedouttoestablish
its grain-sizeparametersandform-evolution. In eachgravelbodypebble-to-
cobble-sizedclastsare identified. In this areatherudites are distributedaud
statisticallydivided into five grain-sizeclasses:4-8 (1.4 %), 8-16(16.2 %),

16-32 (46.9 %), 32-64 (32.7 %), 64-128 (2.8 %) mm. Iheir degree of
roundnessandform evolutionhavebeendeterminedby usingthe Cailleux&
Tricart (1963)scheme.

Morphometric parameters(flatness, bluntness,dissymmetry, spbe-
ricity, roundnessand oblate-prolateindexes)have been used following
proceduresproposedby Cailleux (1945; 1947)aud Dobkins& Follc (1970).
In the parameterevaluationonly the classes8-16, 16-32,32-64,64-128mm
have been consi-deredbecauseof the intrinsie difficulties in precise
measurementson small-sizedclasts.In orderto obtain amaximumaccuracy,
datahas only beengatheredfor the prevalingcarbonateclasts.Textureand
shapearealso interpretedaccordindto Potter(1978),Folk (1980),Mazzullo
& Ehrlich (1983)andIneson(1989).

Analytical resulísanddiscuss¡on

Lithologically speaking,theruditeshaveavariablecomposition,withclastic
elementsconsistingmainlyof carbonaterocks(64%),chertfragments(30.4%),
asid lithic arenites(5.6 %). The carbonaterock clasts, consistingof micrites,
biomicrites,marístonesaudcalcarenites,are mainly derivedfrom te Alberese

Fig. 2—Generalview of tbe northeastemflank of the MCE basin. Morphologicalstepsof
sedimentarybodiesNo. 1 - 5 areshown.
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Fig. 3.—Sketchgeologicalmapof MCpbasinwith generalisedstratigraphy1), Terracedalluvial
sediments(Holocene);2), conglomeratesasidsandstones(Early Pliocene);3), pelitesandthin
sandstones(EarlyPliocene);4),Marís(EarlyPliocene);5),Messiniandeposits;6),allochthonous
Montefeltrosheet(Ligurids);7), contactbetweenUmbro-Marcheansequencesmid allochthonous
Montefeltrosheet;8), thnst;9), backthrust;10), faults.
Fig. 3~—Mapageológico esquemáticode la cuencaMCF con la estratigrafíageneral. (1),
terrazasaluviales(Holoceno);(2),conglomeradosy areniscas(PliocenoInferior); (3), lutitasy
areniscasdelgadas(PliocenoInferior); (4),margas(PliocenoInferior);(5),depósitosmessinienses;
(6), manto alóctonode Montefeltro (Ligurides); (7), contactoentrelas secuenciasUmbro-
Marcheanasy el mantoalóctonodeMontefeltro; (8), cabalgamiento;(9), retrocabalgamiento;
(10), fallas.

audS.MarinoFomiations(Ligurids).Thechertgranuleswerederivedbothfrom
ophiolite olistolidis (Ligurids) and from Que Bisciaro Formation(Miocene
umbro-marcheansequence).Thelidiic arenites,mostlygreywackelithic clasts,
were derived both ftom te Marnoso-ArenaceaFormation (miocenic ten-
genousturbiditic sequence)asid te Pietraforte Fonnation (Ligurids). The
clastic compositionof Que arenites(matrix component)and of die ruditesis
comparable,with minor differencescausedby grain sizevariations.
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Hg. 4.—Rudite facies interbeddedwith massivearenite facies(A); note the well-rounded
pebblessupportedby areniticmatrix with ostreids(B). II CastellaccionearMOsteriaccia.

Hg. 4.—Faciesderuditas interestratificadasconfaciesdearenitasmasivas(A); obsérveselos
cantosbien redondeadossostenidospor la matriz arenosacon ostreidos(E). 11 Castellaccio,
cercade M. Osteriaccia.
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Fig. 5 —Ruditasoportadapor los clastosconstituidaporclastosdecarbonatoredondeadosy
bien seleccionados.Nótesela granoseleccióninversaa normal. II Castellacciocercade M.
Osteriaccia.
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Fig. 6.—Histogramshowing the clast-shapedistribution in percentage(after Zingg, 1935
modified). The different clast-shapepopulationsreflect specific transponand environmen-
tconditions:at first afluvial environment,later with residencetime in ashallow-marinej.c.
shelf-typefmi delta),ínteron turbulentflow mechanismsin submarinefans(cf seefigure 12).
Fig. 6.—Histogramaquemuestrala distribución porcentualdemorfologíasde clastos(según
Zingg,1935modificado).Lasdistintaspoblacionesreflejancondicionesespecíficasambientales
y de transporte:al principio, un ambientefluvial, luegoun tiempo deresidenciaen ambiente
marinosomero(esdecir,un fmi deltade tipo plataforma),mástardeenmecanismosdeflujo
turbulentoenabanicossubmarinos(cf figura 12).

Fig. 5.—Clast-supportedruditecomposedof well-roundedcarbonatepebbles.Note inverse-to-
normal grading.II CastellaccionearMOsteriaccia.
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Table1 showsdiaL flatsiessmeanvaluesdecreaseasclast-sizesincrease.
Simiíarly, bluntnessindex decreasesas clast-sizes increase.Conversly,
dissymmetry mdcx gets higher aud higher as clast-size increases.Most
dissymmetryindexesarenotcompatiblewith abeachenvironmnent(Cailleux,
1947).Sphericity indexis higherin the classes16-32,32-64mm. Roundness
índexes,instead,getlowerandloweraspebbíesizeincreases.Obíate-Prolate
índexesarealí positiveandthusindicative of rod-shapes.Small-sizedclasts
tendto displaybladedshapes,accordingto theflatnessmdcx.Thehistogram
of Fig. 6 maunly evidencesspherical(rounded)andelongated(sub-rounded>
shapes,while discoidalaudbladedshapesare lessfrequent.

Table 1 .—Texturalaspectsof te ruditesof the MCF basin.

Tabla1.— Aspectostexturalesde las ruditasde la cuencaMCF,

CAILLEUX’S INDEXES DOBKtNS AND FOLK’S INDEXES

GravelbodyGrain-size Lithology Flatness BtuntnessDissymmetrySpehericityRoundnessOblate
Prolate

nuniber classes
Blm

2,5,6 8-16 carbonate 1,79 260 510 0,63 1,9
2,4,5,6 1612 carbonate 1,76 256 550 0,72 0,40 2,7
2,4,5,6 32-64 carbonate 1,60 240 610 0,72 0,39 3,2
2,4,6 64-128 carbonate 1,56 230 640 0,68 0,32 4,5

Processingenvironmentandprovenance

Re aboyediscussedmorphometricdataaudthe prevalenceof roundedaud
sub-roundedshapesareindicativeofafluviatileenvironment.Pebblepopulations
of class 16-32mm, indeed,arecharacterizedby ahigherdegreeof sphericity
wtth respectto thosebelonging to otherdimensionalclasses.Thisfactdepends
on gradualshapevariationdueto differenttransportmodes,i.e. saltationaud/or
rolling. Conversely,pebblesof class8-16mmassumemostlyelongatedshapes,
most lilcely to be connectedto the fragmentationof large clasts.Moreover,
pebblesbelonging to class64-128 nn sbow irregular surfacesand impact
shock. We hypoffiesize that these cobbles underwentshort transpofl and
progressiveabrasionbecauseof reciprocalimpacts,i.e. compíexcurrentand/or
gravitationalinteraction.Re aboyediscusseddataare indicative of afluvio-
torrentialsystem.Re sameconclusionis achieved with referenceto Cailleux
&Tricart (1963). InFig. 7, it may benotedthat theaualysedruditesamplesare
included within a superpositionarea pertaining to different processing
environments.Excludingglacial-morenicenvironments,duetoabsenceof their
morphologic features,the pebble-to-cobblesannplesbelong to a fluviatile
environmentof a warm-temperate,semiaridclimate.
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Fig. 7—Reconstructionof theenvironmentprocessesof theruditesof MCF comparableswith
data(scheme)of Cailleux& Tricart(1963)nadDobkins& Folk (1970). 1),Fluviatile temperate-
warm; 2), fluviatile in semiaridclimate;3), fluviatile in cold climate;4), glacial-morenic;5),
marinemid lacustrinebeach;6), pebble-to-cobblesanalysed,i.e. only carbonateclastswhich
havea long axis(a)of about50mm.
Hg.7—Reconstrucciónde losprocesosambientalesde las ruditasdela MCF comparablescon
datos(esquema)deCailleuxy Tricart(1963)y deDobkinsy Folk (1970). 1),fluvial templado-
cálido; 2), fluvial enclimasemiárido;3), fluvial enclimafrio; 4), glacial-morrénico;5),playa
marinay lacustre;6), analizadasdecantosabloques,i.e.sólo losclastoscarbonatadoscuyoeje
mayor(a) mide unos50 mm.
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Fromacompositionalpointofview,thenuditesderivebodifrom«Ligurid»
sequenceserosion(locatedjust southwestof the studiedbasin) audfrom
Miocesiesediments(maisily from Marnoso-ArenaceaFormation).

Sedimentologicalandbiostratigraphicaldataandthestudiedruditesseem
to be re-depositedin a submarinefanby meausof high energymass-flows
(Massani, 1984; Postma, 1984; Ineson, 1989; Capuano, 1990b; Chough,
1-Iwang & Choe, 1990). Thesegravitative processesmay haveoccurredin
very shorttime spans.This permittedthepebbles-to-cobblesto preservethe
morphometricfeaturesacquireddurisig Éhe fluviatile elaborationuntil diey
werelaid downin themarineenvironmentthroughprogradationof aprimary
deltaic complex(Capuanoeta!., 1989)nr braided-deltadistributanies.

PETROGRAPHICOPTICAL ANALYSES OFTiff ARENITES

tJue to the absenceof appropriateliterature, which contrastswith the
increasingmeaningof Quis kisid of studiesin clastic sedimentationbasin
analyses,1 thoughtit wasof primary importanceto undertakeapetrographic
anatysisof the collected sandstones.27 arenaceoussamplesbelonging to
sevenmappedbodieshavebeenstudied,theeighthbodyhavingno significant
outcropspermittingpetrographicanalyses.

Procedures

Twenty-seventhin sectionswere usedfor textural and compositional
analysis.In order to minimize the variation of compositionwith grain size,
pointcousitswereperformedfollowungQueproceduresproposedisidependently
by Gazzi (1966)audDickinson(1970),anddiscussedby Gazzietal., (1973),
Ingersoll et al., (1984)and Zuffa (1985). Sandstonepoint-countdala were
thenrecalculatedlo producethe grain parametersdepictedin plot diagrams

f=osscomposition

Compositionally,thesandstonesamplepopulationis quitehomogeneous.
Optical analysesare illustrated in Table2.

AII arenitecomponentsrangingfrom 0. 0625 to 2 mm in diameterwere
considered.Accordingto Zuffa (1985) theycanbesubdividedinto two main
classesi.e. extrabasunalandintrabasunalarenaceouscomponents;within te
formera furthersubdivisionhasbeesipe,-formedwith referesicetu carbonate
andnoncarbonatenatureof clasts.

Noncarbonateextrabasina!grains(NCE)

TheNCE fractionis representedby quartz,feldsparsandlithic fragments.
(Table2 and Fig. 8).
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Quartz

It is representedbyeitbermonocrystallinegrains(x = 14.14%),common¡y
with unduloseandnormalextinction,orpolycrystallinegrains(x = 15.93%),

with intragranularcontactscommonly crenulate, sutured and straight.
Sometimesit is characterizedby recrystallizedquartzfragments;quartzin
metamorphicrockfragmentsis abundaut(Table 2 andFig. 8).

Feldspars

Theseareconstitutedbothby k-feldsparsand by plagioclase generally
altered;thek-feldspar(x = 10.32%) prevailsover Queplagioclase(x = 4.13
%). The latterhasan albite-oligoclasecomposition(Tabie2 audHg. 9).

Tabla 2.—Modal analysesof the arenitesof MCF basin. Q: Qs, monocrystallinequartz;
Qp+Qm,polycrystallinequartzandquartzin metamorphicrockfgm; Qv, quartzin volcanicrock
fgm; Qsd. qxxartz in sanústone;cQs, calcite replacing quartz (single grain); cQrf, calcite
replacingquartz (in rock fgm). K: Ks, potassiumfeldspar(single grain); Kp, k’.feldspar in
plutonicrockfgm; Km,k-feldspariametamorphicrockfrg; Kv, k-feldsparin volcanicrockfgm;
cKs, calcite replacingk-feldspar(singlegrain); cKrf, calcite replacingk-feldspar(in rock frg).
P: Ps, plagioclase(single grainl; Pp, plagioclase in plutonic rock frg; Pm, plagioclasela
metamorphicrock frg; Pv,plagioclasein volcanic rock frg; cPs,calcite replacingplagioclase
(singlegrain);cPrf, calcitereplacingplagioclase(in rockfrg). L: Lm, metamorphicrockfrg; Lv,
volcanic rock frg; cbert, CaSt, carbonate-cementedsiltstone; SiSt, noncarbonate-cemented
siltstone; Clt, calcite replacing on fine-grainedlitbic fragments.Micas: Mc, muscovite;Mf,
biotite mid chiorites.Oth,otber minerals;NCI (noncarbonateintrabasinal):Cl, glauconiteand
rip-upclasts.CE (carbonateextrabasinal):micrite limestones,fossiliferouslimestones,arenite
limestonesand spatite limestone. Cl (coeval carbonateintrabasinaU:molluscs, bivalves,
gastropods,ostreidfgm, mid benthonicandplanktonicforaminiferal tests.Lc, limeclasts.Cm,
carbonatecement(spariteandmicrospar).Mtx, matrix.Q,total quartz;F, total feldspars(K+P);
M, total micas(Mc+Mf).

Tabla 2.—Análisis modalde las arenitasde la cuencaMCF. Q: Qs, cuarzomonocristalino;
Qp+Qm,cuarzopolicristalino y cuarzoen fragmentosde rocasmetamórficas;Qv, cuarzoen
fragmentosde rocasvolcánicas;Qsd,cuarzoen arenisca;cQs, calcita reemplazandocuarzo
(granossimples);cQrf, calcitareemplazandocuarzo(en fragmentosderocas).K: Ks, feldespato
potásico(granossimples); Kp, feldespatopotásicoen fragmentosde rocasplutónicas;Km,
feldespatopotásicoen fragmentosderocasmetamórficas;Kv, feldespatopotásicoen fragmentos
de rocasvolcánicas;cKs, calcita reemplazandofeldespatopotásico(granossimples); cKrf,
calcitareemplazandofeldespatopotásico(en fragmentosderocas).P: Ps,plagioclasa(granos
simples);Pp plagioclasaenfragmentosderocasplutónicas;Pm,plagioclasaenfragmentosde
rocasmetamórficas;Pv,plagioclasaenfragmentosderocasvolcánicas;cPs,calcitareemplazando
plagioclasa(granossimples);cPrf, calcitareemplazandoplagioclasa(enfragmentosderocas).
L: Lm, fragmentosde rocasmetamórficas;Lv, fragmentosde rocasvolcánicas;chert, CaSt,
limolita cementadapor carbonato;SiSt, limolita no cementadapor carbonato;Clt,
reemplazamientoscalcíticosde fragmentoslíticos de grano fino. Micas: Mc,moscovita;Mf,
biotita y cloritas.Oth, otrosminerales;NCI (intracuencalno carbonatado):Gí, glauconitay
clastosarrancados.CE (carbonatoestracuencal):calizasmicríticas,calizasfosilíferas,calizas
arenosasy calizas esparíticas.Cl (carbonataintracuencalcoetáneo):moluscos, bivalvos,
gasterópodos,fragmentosdeostreidos,y caparazonesdeforaminíferosplanctónicosy bentónícos.
Lc, clastoscalizos. Cm, cementocarbonatado(esparitay microsparita).Mtx, matriz. Q, total
cuarzo;E, total feldespato(K+P); M, total micas(Mc+Mf).
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Rockfragments

Rockfragmeníanalysesare fundamentalfor areniteprovenancesíndies.
Fragmentsof metamorphicandplutonic (x = 50.86 %), sedimentary(x =

42.71 %), andvolcauic(x = 6.43 %). rockshavebeenrecognized(Lm-Lv-Ls
plotFig. lOc).

Metamorphic lithic fragments come from low-to-middle-grade
metamorphiclithotypes: quartzites,serpentineschists,micaschists.(Fig. 8).

Plutonie componentsdo not exciudea provenancefrom granitoid and
middle-to-highgrademetamorphicrocks(gneisses).

Thesedimentarycomponentismostlyconstitutedby extrabasinalcarbonate
grains; munorcomponentsarerepresentedby chert, siltstonesandsandstones
(Table 2 audFig. 8).

Volcanie components(mostly of dacitic-rhyodacilic composition) are
scarsein the terrigenousgrain population.

Micas

They arerepresentedby muscovite(Mc = 2.12 %, meanvalue)andbiotite
plus chlorite (Mf = 1.52 %, meanvalue) with subordinatechlinochlore.

Noncarbonateintrabasina!grains<bICI)

The NCI fraction is representedby glauconite, pelletoidal grains,as
a replacementproducíonphyllosilicale graunsantA sometimesas afilling of
fossil tesIs. Ah glauconite occurrenceswere consideredauthigenic.
Moreover abundantintraformational clayey and silty rip-up clasts are
present in alí samplesand reach up to more thau 3%. (Table 2 and
Fig. 8)

Carbonateextrabasinalgraitis <CE)

Ibis fraction is presentin ah samplesin anamounívaryingfrom 8.4% to
14.0 %. Ihe lithotypesmostcommonlyrepresentedare:micrite limestones,
fossihiferoushimestonessometimeswith pelilets and/or microforaminifers,
recrystallizedlimestoneaudspaticcarbonates(Table 2 andFig. 8).

Coevalcarbonateintrabasina!grairis (CI)

This componentis only representedby fossiliferousclasts in moderate
percentage(x = 5.05 %). They eonsistparticularly of abundasitmolluscs
(bivalves, gastropods,ostreid fragments) and benthonic and planktonic
foraminiferal tests.
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K P

Fig. 9.—QKP temaryplot of arenite bodiesof MCF. Q, quartz, K, potassiumfeldspar, P,
plagioclase.
Fig. 9.—DiagramatemarioQKPdelos cuernosdearenitasde MCF. Q, cuarzo, K, feldespato

potásico,P, plagioclasa.

Cement

Calcite cementis abusidantin alí samples.Two fabric types of calcite
cementhavebeenwell-documented:syntaxial overgrowthson molluscan
fragmentsaudgranular(drusymosaicwith crystalsizefrom 0.0004mmto
0.0010mm, i.e. meteoricgenesis?). Thesetwo calcite cementgenerations
reflectbothQuenew-fonnedcrysíals(authigenic>asidreplacementprocesses.
Pore-filling calcite is presentin largepercentages.

Matrtv

This (<0.0625mm in size)is very scarse,or almostabsent;it is formed

by micilte andsiliciclastic particles.
TexturaIfeatures
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Arenite grainsize commonlyrangesfrom middle-fineto very coarse.



Com,nositionaná provenance of tite rudite... 201

Froma texturalpointof view, the studiedarenitesarecommonlymature
andaremoderatelysorted.Grain-shapevanesfrom subaugularto subrounded
for quartz grains, while feldspars are commonly angular or subangular;
amonglithic fragments,chertisusuallysubaugular,whilecarbonateextraclasts
arecommonlyrepresentedby subroundedto roundedgrains(Ng. 8).

Diagenicprocesses

The main diagenicprocessresultslinked to the cementationphase.In
fact, consideringdic virtual absenceof matrix, the arenitesunderwenta
prematurediagenesischaracterizedby a rapidformation of calcitic cement
which inhibited mechanicalcompactionof sediments(Bi0rlykke, 1983;Hird
& Tucker, 1988).

Timing and spacungof caleite cementprecipitation is still a matterof
delate.It is probably due to turbulentcourrentsoccurredinto sedimentary
basinswith porewateroversaturatedin CaCO3.

DISCUSSION

Data from table 2 were elaboratedin order to apply Zuffa’s (1985)
classificationandarerepresentedinatriaugularplot(Fig. lOa); thepetrofacies
is characterizedby dic predominanceofNCE andCEconstituentsaudby the
commonpresenceof NCI grains. Ihe samedistinctionis emphasizedby Q-

F-L plots (Fig. íOb) wherecarbonateextrabasinalgrain wereconsiderediii
calculatingL-valuestogetherwithotherrockfragments,chertincluded.Ibis
petrofacies(meanvalue: Q4, F~8 L35) is definedas quartzolithicpetrofacies
(sensuDickinson, Lawton & Inman, 1986)or feldspathiclitharenite(sensu
Folk, 1980).

Data on rock fragments were plotted on a triangulardiagramwhere
metamorphic,volcauic andsedimentarylithic fragments are distinguished
(Lm, Lv, audLs respectively;Fig. lOc).

In order to evidenceandcomparedic modal aualysesof the arenites,
somepetrographicparametershavebeencomputed(QIQ+F, K/F, Mc/Mt,
Qs/Q;Table2 audFig 11).Fig.11 diagramshavebeendrownwith themethod
of Chiocchini& Cipriani (1984) audof Ardaneseeta!. (1983;1987)focused
on theidentificationof sourceareas,i.e. plutonic(granitoid)audmetamorphic
sourcerocks.

Almost alí the samplesoccupy the upper right quadrant,except for
the samplesof body n. 4 which partly areslightly shifted to the left.

PROVENANCE

Detrital modesof arenitesundicatea local provenancefrom recyclingof
old-sedimentaryrockserodedfromtheadjacentApenninechain(Figs. 12, 13
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CE

Fig. 1 0—ConipositionofarenitebodiesofMCF: a,frameworkclassiftcatioa;NCE,noncarbonate
extrabasinal;CE. carbonateextrabasinal;CI, carbonateintrabasinal;b, Q, quartz,F, feldspar
(includingplutonicrockfgm), L, lithic rockfgm. c, Lni, plutonic+ metamornhic,Lv, volcanic
andLs, sedimentaryrockfgms.

Fig. l0.—Composicióndelos cuerposdearenitasdeMCF: a, clasificacióndela trama;NCE,
extracuencalno carbonatado;CE, extracuencalcarbonatado;CI, intracuencalcarbonatado;b,
Q, cuarzo,F, feldespato(incluyendolosfragmentosderocasplutónicas),L, fragmentosderocas
líticas,e,Lm,plutónicas+metamórficas,Lv, volcánicasyLs,fragmentosderocassedimentarias.

and 14). In pafl, die arenitesstudiedderivefrom amultirecycling processof
adjacentMarnoso-ArenaceaFormation.Thishypothesisis alsodocumented
both from a strong incitase of quartz, K-feldspar (K>P) antA muscovite
(Mc>Mf). Ibis clearlyresultsfrom numerouscyclesof transportasiderosion,
eachcycle contributing to progressivetncreasein roundnessasid loss of
unstablemincrals (Potter, 1978). In fact, when correlating Que databere
obtainedwith those of tite Marnoso-ArenaceaFormation(Chiocchini &
Cipriani, 1986;Ardaneseeta!., 1987)it maybenotedthatdiesesamplesbalI
in oppositequadrauts(Fig. 13). Tite quadrantof die samplesitere analysed
indicatesthe field of metamorphicrocks; therefore,Que provenanceof the
granitoid plutonio Tocks + low-to high-grademetamorphicrocks may be
found in the adjacentMarnoso-ArenaceaFormation(Gandolfi, Paganelli&
Zuffa, 1983; Valloni & Zuffa, 1984).Volcanicgrainswith adacitic-rhyodacitic
compositionandhypoabissalquartzcomefrom volcaniclastichorizons,e.g.
Risciaro Formation (Guerreraet al., 1986; Ardanese& Capuano,1990).
Thesevolcaniclasticevents,are relatedto volcanismcalc-alkalinetype, and
are likely linked to the Oligo-Miocene compressivetectonics of the
Mediterraneanarea.As for thesedimentarycomponents,te largeamountof
carbonateextrabasinalgrains derivesbothfrom allochdionousunits of tite
Liguridsaudfrom die«autochthonous»Umbro-MarcheanSequence(Miocene
carbonatesaudmarís).

CI “F L “Lv LS
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Fig. 11 —Correlationdiagra¡nsof quartz,feldsparandmicascontentof arenitebodiesof MCF
basin.
Fig. 11—Diagramasdecorrelacióndelcontenidoencuarzo,feldespatosy micasdelos cuerpos

areníticosde la cuencaMCF.

Fig. 12.—Paleogeograplucalreconstructionshowingtheprovenmiceanddispersalpattem of
ruditeandarenitebodiesof MCFbasin.A terracedfmi-deltaduringalowstandperiod,undergoes
remobilizationinto adeep-waterenvironment(after Capuanoet al., 1989,modified).
Fig. 12.—Reconstrucciónpaleogeográficamostrandola procedenciay elmodelodedispersión
delos cuerposderuditasy a.renitasdela cuencaMCF. Un fmi deltaaterrazadoduranteunperiodo
denivel del marbajosufreremovilizaciónenambientesdeaguasprofundas(segúnCapuanoet
al., 1989,modificado)

CONCLUSION

In dieMontecalvoinFogliabasindieruditesaredistributedandstatistically
divided into five sizeclassesof pebblesto cobbles.Compositionally,theyare
prevalently constitutedby carbonate,chert and greywackeclasts. Tite

K

.
5J
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Fig. 13.—PetrographiccorrelationbetweenMarnoso-Arenacea(afterChioccbini & Cipriani,
1986) and arenitebodiesof MCF basin. (For expímiationseetext).

Fig. 13—CorrelaciónpetrográficaentrelaMarnoso-Arenacea(segúnChiocchiniy Cipriani,
1986) y los cuerposarenososde la cuencaMCF (ver el texto parala explicación).

provenancemay be assumedto the west and northwestwhere the alloch
thonouschaoticunits(LigurianComplex,Montefeltroarea)areoutcropping.

Petrographicdatashowthat the compositionof the arenitebodiesis the
samein tite wholebasin.Onequartzolithicor feldspadiiclititarenitepetrofacies
withmeanvaluesQ

47, K,~, L35,hasbeendefined.It includesseveralcomponents
of sedimentary,granitoidplutonicaudmetamorphic(from low-to-highgrade
to, a mostly, low-grade), asid volcanic grains. Ibe great variety of rock
fragmentssuggestsa recycledorogeneprovenance(Dickinson & Suczek,
1979;Dickinsoneral., 1983; Ingersoll& suczek,1979;Zuffa, 1987;Capuano
& Proietti,1988).In fact,asignificant detrital input resultsfrom erosionof a
hinterlaud,mainly constitutedby Quemiocenicterrigenousturbiditicsequence
(i.e.Marnoso-ArenaceaFormation).Ibe palaeovolcauicgrains(Zuffa, 1985)
derivedfrom the erosionof miocenievolcaniclastichorizosis(i.e. Bisciaro
Formation). Provenancefrom ophiolitic units, probably presentin Que
Montefeltro area, cannot be excluded.Ibe sedimentarycomponentsare



Compositionandprovenanceof tite rudite... 205

E

Fig. 14—Provenanceof arenitesof MCE basin(afterDickinsoneta!., 1983).

Fig. 14—Procedenciade lasarenitasdela cuencaMCE (segúnDickinsoneta!., 1983).

largely representedby extracarbonategrauns.Theirprovenanceareamaybe
found both in Quechaoticusiit.s (Ligurds)and iii theMiocenecarbonatesand
marís (Umbro-Marcheansequence).

During the Early Pliocene there was a direct relationship between
sourceareaanddepositionalbasin. In fact, the rudite aud arenitegrains of
westernprovenance(Fig. 12) cou]d be temporarily accumulated(residence
time) aud later recycled,reworked and cannibalized iii connectionwitit
tectonic activity andsealevel variations (Capuano,1990c). Suchdeposits,
from the diagenetic point of view, result undercompacted;the rapid
cementationisihihited compaction of sediments.Tite rapid fonnation of
cementoccurredthroughtite circulationin the basinof warm salmewaters
supersaturedby carbonate.In titis basin,climatic factorshad fundamental
effect on arenitecomposition.
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