
Sedirnentaryandpalaeotecronicevolution
ofsornePermiancontinentalbasins
iii the centralSouthernAlps, Italy.

O. Cxssr~ís* & C. NERI **

* Dipartimentodi Scienzedella Yerra dell7iniversitú,

Strada!Vuova65,1 - 27100Pavia, Italia

** Dipartimentadi ScienzeGeologicheePaleontalagichedellVniversitñ,
CorsoErcole P dEste32,1- 44100Ferrara, Italia

ABSTRACT

The authorshavedealtwith the sedimentaryandpalaeotectonicevolutionof
some selectedPermiancontinentalbasins located in the central South-Alpine
domain, immediatelyto tbe westandeastof theGiudicarieLine. In this areathe
PermianSystemcanbe divided into two well differentiatedtectono-sedimentary
cyclesseparatedby a markedunconformity.

Thefirst one(generallyspanninglateEarlyPermianto Ufimiantimes)consists
of lacustrineandalluvial fan deposits(Collio Fm,TregiovoFm,etc.) aswell asof
volcanics,both infilling intermontanegrabensor half-grabensseparatedby meta-
morphicand igneoushighs.Theboundaryfaults generallyhave55W-NNEandE-
W trendsandoftencoincidewith long-livedtectonielineamentsreactivatedaslate
astheAlpine orogeny(suchastheTrompiaLine,ValsuganaL.,GiudicarieL.,etcétem).

The secondcycle(LatePermian,from theTatarian(7) to the P/’T boundaryor
almost) is representedby fluvial clastics(VerrucanoLombardoandVal Gardena

Sandstone)and,only to theeastof te Adige Valley, by sulphateevaporitesto the
shallow marinecarbonatesuccessionof theBellerophonFm.Thesedepositsform
a widespreadblanket which coversboth the basins of the first cycle and the
surroundinghighs. The continuity of tectonic control is documentedby strong
changesin thickness(from a fewtensof metreson theAdige-Giudicariehighsto
severalhundredsof metresin te depocentralareas,suchasCadore-Comelico).

A reorganisationof thePermiantectonicsoccursat te boundarybetweente
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146 G. Cassinis& C. Neri

two cycles,which is probablycorrelatableto the “Middle” Permiantectonicsof
HercynianEurope (i.e. post-Saalian,Altmark, Palatinemovements).The new
configurationis attestedto te differentgeometryof therock bodiespertainingto
bothcyclesaswell asto thefrequentswitchingof depocentres(stmcturalhighsof

thefirst cyclesometimesactedas stronglysubsidingareasduringthesecondone).

Key-words:Permian,Collio Basin,TioneBasin,TregiovoBasin,sedimentary
evolution,palaeotectonics,lowercycle,uppercycle,SouthernAlps, Italy.

RESUMEN

Estetrabajodescribela evolución sedimentariay paleotectónicade algunas

cuencassedimentaríaspérmicasdel áreasuralpinacentral,localizadasal oestey al
estede la LíneadeGiudicarie(Italia).

La sucesiónpérmicade los Alpes meridionales,comprendedosciclos tecto-
sedimentariosmayores,separadospor unaclaradiscordancia.

En elsectorconsiderado,elciclo inferior(correspondienteal intervaloPérmico
inferior-Ufemiense)estáconstituidopordepósitosfluvio-lacustres(FmCollio, Fm
Tregiovo,etc.)asociadosavulcanismo,generalmentedetipoácido.Estosmateriales

constituyenelrellenode«grabens»o «semigrabens»,separadosporaltosestructurales.
Lasfallaslimitantestienen,engeneral,unadirecciónSSO-NNEy E-O, y amenudo
coincidenconantiguaszonasdefractura,reactivadasal final dela orogeniaalpina
(Lineadel Val Trompia,L. de Valsugana,L. deGiudicarie,etcétera).

El segundociclo (Pérmicosuperior,desdeel Tartaniense(7) al limite PAl? o
cercanoa él) estárepresentadopor sedimentosfluviales (AreniscasdeVerrucano

Lombardoy Val Gardena).Tansólo al estedel valleAdige, existenevaporitasy
carbonatosmarinosdelaFm Bellerophon.Los depósitosdel segundocicloforman
uncuerpocontinuolateralmente,querecubretantolas cuencasdel primerciclocomo

los umbralesque existian duranteel mismo. La persistenciade una tectónica
distensivaestáregistradapor la existenciade importantesvariacionesde espesor
(desdealgunasdecenasde metrosen los umbralesde Adige-Giudicarie,hasta
cientosde metrosen lasáreasde depocentro,como lade Cadore-Comelico).

El límite con el segundociclo estácaracterizadopor unareorganizaciónde la
tectónicadel Pérmico,probablementecorrelacionablecon algún movimientodel
Pérmicomedio de la Europahercinica(movimientospost-saálicos,Altmark o
palatinos).La nuevaconfirmaciónquedareflejadatantopor ladiferentegeometría
de los cuerposrocososde ambosciclos, como por la frecuentevariación de los

depoceníros(los altosestructuralesdel primerciclo,a vecesactúancomoáreasde
gransubsidenciaduranteel segundo).

Palabrasclave: Pérmico,Cuencadel Collio, Cuencadel Tione, Cuencade
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Tregiovo,evolución sedimentaria,paleotectónica,ciclo inferior, ciclosuperior,
Alpes meridionales,Italia.

RIASSUNTO

II presentelavorodescrivelevoluzionesedimentariaepaleotettonicadi alcuni
bacinicontinentalipermianidel Sudalpinocentrale,localizzati immediatamentead
oveste adestdella Lineadelle Giudicarie.

La successionepermianadelleAlpi Meridionail comprendeduecicli tettono-
sedimentanmaggiori,separatidaunachiaradiscordanza.

Nel settoreconsiderato,il ciclo inferiore (databilein buonaparteallintervallo
Artinskiano-Ufimiano)consistedi depositi fluvio-lacustri (Fm di Colijo, Fm di
Tregiovo,ccc.) associatia vulcaniti generalmenteacidee quasi;questimateriali
costituisconofi riempimentodi graben,in qualchecasoasimmetrici,separatidaalti
strutturali.Le fagliebordierehannoin generedirezioniSSW-NNEeE-W, espesso
coincidonocon lineamentiancestralipié volte riattivati fino allorogenesialpina
(Lineadella Val Trompia,L. dellaValsugana,L, delleGiudicarie,ece.).

II secondociclo(PermianoSuperiores.!.,dalTatariaino(?)sinoal limite superiore
oquasidel Periodo)érappresentatodasedimentifluviali e,adestdellaVal dAdige,
dalleevaporiti solfatichee dai carbonatimarmnidellaFmaBellerophon.1 depositi
del secondociclo formanouncorpolateralmentecontinuochericopresiai baciniche
gli aIddel ciclo precedente.Lapersistenzadi unatettonicadistensivaé documentata
davistosevariazionidi spessore(dapochedecinedi metri in alcunisettoridellalto
dellAdige-Brentaa pareechiecentinaiadi metri nel depocentrocadorino).

II limite tra i duecicli écaratterizzatoda unariorganizzazionedellatettonica
permiana,probabilmentecorrelabileaglieventiMedio-PermianidellEuropaErcinica
(movimenti post-Saaliani,di Altmark, o Palatini),edocumentatasiadalIadiversa
geometriadei corpiappartenentiai duecicli, siadalIadisattivazionedi alcunelinee
edallinversioneo nasciladi altre.

Parolechiave:Permiano,BacinodiCollio,BacinodiTione,BacinodiTregiovo,
evoluzione sedimentaria,paleotettonica,ciclo inferiore, ciclo superiore,Alpi
Meridionali. Italia.

INTRODIJCTJON

ThePermianSystemof the SouthernAlps can bedivided into twomainvery
distinctteetono-sedimentaiycycles,separatedby a markedunconformity(ITALtAN
IOCP203 GROIJP,ed., 1986). (Fig. 1).

‘¡he lowercycle (1) is representedby voicaniesandsubordinateaiiuviaj-lacustrine
deposits,locally assoeiatedwithin intermontanebasins,inmostof theSouthernAlps
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aswell asby paralic-marineterrigenousto carbonatesequencesin theCarniaarea.
meuppercycle(2)consisisof widespreadclasticfluvial sedimentsand,onlyeastof

te Adige Valley,of te evaporitie- carbonatesuccessionoftheBellerophonFoimation.
Recentresearch,in collaborationwith J.Doubingerfrom Strasbourg,havelcd

to moreaccuratedating of bothcyclesin the centralSouth-Alpinedomain(see
Cassinis& Neri, 1990).Accordingto palynologicaldata,theCollio andTregiovo

Formations,includedin Cycle1, may be attributedto the lateEarly Permianand
probably,aboyealí with regardto TregiovoFm,alsoto theearliestLatePermían.
Following theCis-Uralianstandardgeologicalseale,theirdepositionalrangeseems

cii

Fig. 2—Locationof [hePermianCollio,TioneandTregiovobasinsonboth sidesof theGiudicarie
Line, centralSouthernMps, in relationto other basinsandto síructuralhighs.
Fig. 2—SituacióndelascuencaspérmicasdeCollio, Tioney Tregiovo,aambosladosde la línea
Giudicarie,y su relacióncon lasotrascuencasy los umbralesestructurales.
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to spanArtinskian to Ufimian times (Figs. 2 and3). If we refer to te European
continentalstratigraphy,the aboye units could be correlatedto te mediumand
higher levelsof te Saxonianor te UpperRotliegend.Biostratigraphicpapers,
contaiingalist anddescriptionof thepalynologicalassemblages,arein preparation
by J.Daubinger.

From alí the geologicaldata, also including regionsextraneousto te one
considered,te beginningof Cycle2 mustbelocatedin te LatePermian;te age

of its base(which may bediachronous)is still undefined.
Thedatingof the unconformitybetweenthetwoPermiancyclesis therefore

not yet known with precision; bowever, it should be within the «Middle»
Permian,whereit isprobablyyoungerthanUfimianandoldertbanTatarian.Re
validity of ¡bis dating unfortunateiymeetswitb a seriousobstacle:tbe searce
stability of theexistinggeologicaltime- scales,aboyeah withregardtotheEarly¡
LatePermiantransition’,duetothepaucityof dataas well asto tbeirproblematie

andoften imprecisecorrelation.

LOWFP CYCLE

‘¡he products,bot sedimentaryandvolcanic,of Cycle1 (Hg.1) havebeenlaid
downwitin fault-boundedintermontanebasinsessentiahlyseparatedby basement
highs. ‘¡hese basins are characterizedby quite a similar tectono-sedimentary
evolution,which will bedescribedherewith referenceto someselectedexamples,
viz. te betterknownCollio,TioneandTregiovobasins,locatedin theareabetween
easternLombardyandsout-westemTrentino-Alto Adige (Fig. 2).

Fig. 3—Chronostratigraphicsehemesas applied Lo the Permiancontinentalbasinsexamined.
Ttricknessesareapproximaíe.mestratigraphicclassification.notdrawntoanyseale,is basedondata
takenfrom severaldocumentsof InternationalWorkingC,roups.whichareincludedin Newsletters
ofSCPS(Perrnophiies,N0 12-16, 1987-90),aswc]1asofolberscientists;it largeíyreflectstheCis-
Ural/Russplatformstandardseale(only theintervalfrom Tatarianup to thetopPermianadditionally
shows,on theright, theUSSRTethyansubdivision,accordingto Rotíjar, 1989 andin Nakazawa,
1990).Both two-fold andthree-foldsubdivisionof thePermianarereponed.
Fig. 3—Esquemacronoestratigráfico,utilizadoenlascuencascontinentalespérmicasestudiadas.La
clasificaciónestratigráfica(no a escala),se basaen datosde diversosdocumentosde Grupos
InternacionalesdeTrabajo,incluidosen los boletinesde informacióndelSCPS(Permophiles,n0 12-
(6, 1987-90),asícomodediversosinvestigadores.Estaclasificaciónreflejaen granparte(a escala
tipo delaplataforma(Ás-Ural/Rus.(tansoloen el intervaloTatariense-partesuperiordelPérmico.
seexpresaademás,aladerecha,la subdivisiónrusaparael Tethys,segónKotljar, 1989yNakazawa,
1990).Se indicanaquítanto la subdivisiónPérmicadoblecomolatriple.
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Colijo Basin (Fig. 4)

Tbis isdie westemmostof thebasinsmentionedaboye.To te southandeastit

surroundste AdamelloTertiary magmadcintrusion from te lower Catnonica
Valley to theGiudicarieLine, with an approximatelyE-Worientationchangingto

aNNE-SSWdirectionalongthewesternsideof theGiudicarieLine.Thisstructural
disposition,although accentuatedby te Alpine tectonies,probablyrefiectsthe
original geometryof te basin.

The basin was originatedas a result of collapseassociatedwith a strong
volcanicity, following te l-Iercynian orogenesis,that gaye risc to a rhyolitic
ignimbrite plastronanó tuff cover resling unconformablyon te metamorphic
basement.Locally, however,somethinbtmdsandwedgesof BasalConglomerate

occurin betweentheaboyevolcanicsandmetamorphiccomplex.Oenerallythese
deposits,richin lithic basamentfragments,arefoundon thePermianmountainridge
thai from the upperTrompia Valley, through Mt. Muffetto, continuesinto te

Hg. 4,—TentativeW-Ecross-sectionthrongbdiclaíe-HercynianBoarioandcollioBasins(Perínian
lower cyc!e) betweendic Canionicaand Chiesevalleys. Ihis discontinuousnon-palinspastic
reconstructionshowsboth an intensecoevaldislocationof thewholeareaIn mínorstucturalhighs
audlows,giving riscto notablevarialionsin thickncssandlithology,and¡heoccurrencenfmagotalie
resurgencesitesja ihecasrerasector(Caifaro - Gindicarie).(After Cassiais,¶985,modificó>.
Hg. 4—Corteidealizado,condirecciónoeste-este,atravésde lascuencastardi-hercínicasde Boario
y Collio (ciclo inferior pérmico) entrelos valles dc Camonicay Chiese.Esta reconstrucción
discont¡nua,no-palimpástica,presentaporunaparteunadislocacióncoetáneade todo el áreaen
umbralesy surcosestructuralesmenores,dandolugar a variacionesimportantesde espesory
lUología,asícorno ala existenciadeunareacuvaciónmagmúbeaenel sectororiental(CalTaro-
Giudicarie). (ModificadodeCassinis,1985).
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CamonicaValley. Their ageis still uncertain,butprobablybelongsto the Early

Permian.
The incipientdeformationsof the Collio Basin wereaccompaniedby some

reddishclastielenses,mainly of current-reworkedvolcanicdetritus,within andon

topofthetuffs(Fig.5).
AccordingtoOri, DaliaandCassinis(1988),alluvial tantolacustrinesediments

form the bulkof theoverlying Collio Formationwhich consistsof fanglomerates,
sandstonesandshales(Fig. 5).Shaledepositsprevailin thecentralpartsofte basin,

whereassandstonesandconglomeratesaremorefrequentin tbemarginalandother
tectonically active arcas. Fanglomeratesinclude conglomerates,without clear
organisation,pebblysandstonesandpebblymudstones.melackoforganisationand
virtual absenceof erosionalbasesindicatemass-flowas theprincipalsedimentary
process.‘[be fanglomeratespassinto flat-beddedreddish-greensandstones.Parallel
lamination, small seale(ripple-) cross-lamination,normal grading and rain-drop
marksaretrie mostcommonsedimentarystructures.Thesestructures,caupledwith

dic associatedfanglomera¡es,canbe relatedto asandfiat environmentin ¡hedista)
part of alluvial fans. By sandfiat, we suggestthatthis areawas dominatedby
unchannelisedsheetfiood deposits.

Shaly faciesmayincludevery thin fine-sandstonelayers,whichshow parallel
andripple-crosslamination.Mud-cracksandrain-dropprints arecommonstruc-
tures.Shalesareblackandcontainanabundantquantityoforganicmatter,Icavesand
otherplant remains.This faciesrepresentslow energymudflat to distallacustrine
environments.Moreover,the aboye sedimentarystructuressuggestthat the basin
wasneverveiydeepandwas veryoftensubaerial.

Interstratified with the aboye terrigenousdeposits,there are one or more
volcaniebodiesgenerallyinterpretedas rbyolitic lavas (PeyronelPagliani, 1965;

Cassinis,Origoni Giobbi & PeyronelPagliani, 1975) (Fig. 5). meir sourceareais
locatedto the eastof tbe CaffaroValley, wheresubvolcanicbodiesanda thicker
volcaniesequencecropoul (Cassinis,1988).Thesebodiesbecomesuddenly¡hinner
westwards,so thatonly someof them canbefollowed throughte basinandused
as “key bcds”. ‘[bese igneous productstestify to good continuity of marginal
volcanismduringte depositionof te Collio Formation.

BetweentheTrompiaandCaffarovalleysthesedimentary«Collio» isgenerally
organisedin two sequencesstarting upwardsfrom eachof the two mentioned
volcanieunits.Eachsequenceshowsa generalupwardsdecreasein grain sizeand
bed thicknesspassingfrom distalfanto shallowlacustrinefacies(Ori et al., 1988).
Thesesequencesmay betrie productof two majortectoniemovements.

‘[he Dossodei Galli ConglomerateFormationfollows aboye.It overliesand
gradeslaterally into theupperpartof the«Collioss.‘Phis newunit, thethicknessof
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which rangesfrom O to 450 m, is madeup of afluvial fan depositswhich canbe
dividedmío twa members.Accordingto Ohet al. (1988), the lower member(A)
consistsof coarseningupwardssequenceslocally interfingeringwith lacustrine
deposits(«Collio»)or stackedoneaboyetheother.‘[heseC.U.sequencesshowthree
main facies.‘[he underlyingdepositsaremadeup of sandstonebedswit normal
grading,parallelanderass-lamination.Aboyefal]ow fine conglomerate¡o coarse
sandstonelenses,still containingte samesedimentarystructures.The uppermost
depositsare composedof coarse-grainedred-grey-greenunsortedconglomerates

wit ilí-defined stratification.(Fig. 6).
‘[be aboyegeneralsequencerepresentste progradationof analluvial fan. ‘¡he

upperconglomeratescorrespondto proximal debrisflow depositstbatpassdown-
streaminto channeledtonguesdue to tractionand turbulentcurrents.In te more
distal part, sheelflow sandstonesinterfingerwitb lacustrinesbalesof tbe Cojijo
Formation(Ori et al., 1988).

‘[he uppermember(B) is composedofthickunsortedconglomeratesinterbed-.

dedwith coarsesandstones,both reddishin colour(Hg. ‘7). ‘[bis unitrepresentsthe
mostproximalpartof the progradationalalluvial fan system.

Another unit known as «Membrodella PietraSimona»(Assereto& Casati,
1965; Cassinis, 1966a, 1966b), which in te Trompia-Caffaroareais normally

developedbelow memberB, consistsof intensivelybioturbatedsandy-shalyred
bedsandcanbeinterpretedasreaslateralto te mainalluvial fan lobesorto inactive

reason trie fans(Fig. 7).
Accordingto Oh andDalla(seeOrietal.,1988),thetopoftheDossodeiGalli

Conglomerateis markedby anerosionalsurface,only visible whereit is superim-
posed by te Auccia Volcanies.‘¡he erosion was probably due to the normal

(autocyclie)evolutionof thealluvial Lan systems.
Clastcompositionin theDossodei Galli Conglomeratereflectste saurcearea,

whichpalaeocun-entsshowto have1am to thesouth-soutwest.Upwards,metamor-
phic pebblesgenerallyreplacevolcanicdetritus.In te CaffaroValley and towards
te LowerGiudicariesorneconglomeratesarepractically monomict, beingalmost
entirelycomposedofvolcaniclitologies.Thesebodies,whicharegenerallytliinner

Fig. 5—Litholog,with sedimentologicalinterpretation,of theCollio Formationon theeasternside
of Mt. Dasdana.A¡ ¡he bottorn of ¡he sectioncrop out slralificd tuffs and a widespreadbasal
conglomerateandsandstonedeposit startingthe sedimentaryhistory ot the local basin.For more
detailsseeexplanationin dic text. (After Ori ci a/., 1988).
Ñg. 5—Columnalitológica e interpretaciónsedimentológicadc la FormaciónColIjo en el área
orientaldel Monte Dasdana.En la baseaflorantobasestratificadasasícomoun depósitobasalde
conglomeradosy areniscas,querepresentanel comienzodela historiasedimentaríadeestacuenca
local. Paramásdetalles,ver explicaciónenel texto. (SegúnOri etal., 1988).
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than theprecedingonesin te ‘[rompia Valley,canbe interpretedastheproductof
volcanierockslocatedin te eastemmarginalareaof theCollio Trough,anderoded
andbroughtin from the east.

e

Fig. 7—Geologicalcross-sectionof tlie DossodeiGalli Conglomeratein thevalleyof theMalghe
DasdanaCama.(AherCassinis,1969,modified).
Fig. 7—CortetransversaldelconglomeradoDossodeiGalli ene

1valle de MalgheDasdanaComa.
(Modificado deCassinis,1969).

‘[he Auccia Volcanics,rangingfrom O to 140 m, representtbe conclusionof
effusive activity in the basin(Fig. 8). They mainly consistof violet rhyolitic
ignimbrites (PeyronelPagliani & Clerici Risari, 1973), like the volcaniebody

underlyingte Collio Fonnation.Locally,asin theMt. Crestosoarea,te lackofte
AucciaVolcaniesis apparentlyrelated,atleastin parÉ,to erosionby te overlying
fluvial depositsof te VerrucanoLombardo.

In conclusion,theCollioBasininW-Ecrosssectionisasymmetric,withatypical

half-grabenshaperepresentedby asteepmarginon te eastemsideandamoregentle
slopeon the westernmargin (Ori & DalIa, 1984).‘[he easternborder(towardsthe

GiudicarieLine) is a siteof volcanieactivity, whereaste westemmargin,not
volcanic, is a saurceareaof detritus,as is provedby te thicknessof alluvial fan

deposits.Furthermore,a southemsourceis inferredfrompalaeocurrentsmeasured
from ripple-marksin theCollio Formation.

‘[he westemsideof te basindipstowardsthe depocentreareamatehedwith
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Fig. 8.—Oeologicalcross-sectionof theAucciaVolcaniesin ¡heareabetwccnDossodciGaIli and
GiogodellaBala,belowandaboyetheManiva-CroceDorniniroad.(AfterCassinis,1968,modified).
Fig. 8—Cortetransversalde los materialesvolcánicosAucciaenel áreaentreDossodei GaIli y
GiogodellaBala,pordebajoy por encima de lacarreteradeMajóvaaCroceDornini. (Modificado
dc Cassinis,1968).

somesynsedimentaryfaults(Cassinis,1964, 1966b, 1985).Slumpingeventswere
provokedby slopeinstability and faulting. In the Collio Formation,alluvial fan
depositsareconcentratedaboyethemostextensivevolcaniebodiesthat reachedthe
westemslopeof thebasin.Ibis factsuggestsapronounceduplift ofte westernarea
(andprobablyelsewliere)indueedby tectonismandrelatedmagmatism.

‘[he erosion-depositionrelationshipsarepracticallythe samein the Dossodei
CaRiConglomerate(Ori u aL, 1988),sincein te Mt. Crestosoareate unu only

consistsof memberB thaterosionallyrestson the«Collioss.Downdiptheboundary
becomesan intertingeringbetween the lower memberA and the underlying
formation.As shown in Fig. 3, the beginningof progradationcorrespondedto a
majorbreakin the historyof thebasia.

Tione itasin (Fig. 9)

Owing to the non gradual,often aLso sudrien lateral facies and thickness
variationsofthematerialscontainedtherein,te presenceofalate-I-lercyniantrough

clearlystandsoutinan areato te 5W of the BrentaGroup. friere, north of Honda,
this depressioncorrespondsto a subsiding sectordelimited by stmcturalhighs,
formedduringtheEarlyPermianandnamed«TioneBasin»(Cassiniseta!., 1982).

‘¡he boundaryfaults were also active throughoutTriassictimes and were
reactivatedagainduring the Alpine orogenesis,taking on aspectsdifferent from
original ones(seealsoPeloso& Vercesi, 1982).
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ReTioneBasincontainsacidievolcanieswith occasionalterrigenousinterca-
lationssimilartothe«Collio»sediments.Rethicknessof thetotalsuccessionisup
to 600-700m. ‘[he basin showsa rectangularshapeoriented 55W-NNE, and
thereforeaGiudicarietrendnot toedissimilartote oneobservedin te NEpanof
the «Collio»croppingoutto te south.

5(4’ tI Gagg>o mONjE 845<5 tI Loo NCy - y

Hg. 9—IdealisedSW-NEPerniiancross-sectsonthroughtheTioneBasin(lowercycle), in westem
Trentino. (AfterCassinisetal., 1982,madified).
Fig. 9—Corteidealizado,en lazonaoccidentaldeTrentino,delPérmicode lacuencadeTione(ciclo
inferior), condirecciónSO-NE. (Modificado deCassinisetal., 1982).

Aceordingto Cassiniset al. (1982),asteepmarginwith anapproximateE-W
direction representste soutemboundaryof te troughin the Tione area.‘[he
eastemboundaryrunsalongor immediatelywest of te SabionLine, wherete
PermianSystemisonly representedby te Ven-ucanoLombardo.Rus,¡hepresent
areain frontofteMt. Sabionoverthrustwaslocatedonteeastemsideoftebasin,
giving rise to astructuralhighalongawide escarpment.Thenorthemandeastem
limits aredifficult to defineowingto agenerallack of outcrops.‘[owards ¡henort
it ispossible¡o suggesttat telate-HercynianintrusivemassofMt. Sabionwaspan
of ahigband ¡bat ¡bis represented¡henorthemboundaryof ¡bebasin.To ¡hewes¡
¡he troughmay havecontinuedbeyond¡heSouthGiudicarieLine auct.because,in
so far as this line can be followed clearly (e.g. in te surroundingsof Tione), the
contactbetweente Permianoutcropsand¡be metamorphicbasementis tectonie.
However,on generalgrounds,te areanowoccupiedbyteAdamelloplutonseems
to haveessentiallycorresponded¡o astructuralhigh (Cassinis,1985).

In conclusion,¡he aboyedataallow te suppositionthatte Tionedepressxon
wasmostlycharacterisedby magmatieactivity coupledwit tectonicmovements,
lateralorclaseto¡heAtbesianmegacalderapresent¡o ¡heeast.During quietteetono-
volcanietimes conglomeratesand finer depositswere laid down. Unfortunately,

VOLcANICS sj ~ALLUVIAL- LACUSTRINE DEPOSITS. cRYSTALLINE BASEMENT
conglomorate (a). sand- sihatone ano sha<e b>
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owing¡o ¡herich vegetationandnumerousfaul¡s in ¡heareaexamined,it hasnotyet
been possibleto recogniseIhe exact geometricrelationships.Generafly, these
sedimentarybodieswouldseem¡o occupydifferentpar¡sof¡hePermiansuccession.

Tregiovo Basin (Fig. 10)
(with noteson ¡be surroundingAthesianvolcanics)

TheTregiovobasinis afault-boundedsmalltroughlocatedat¡hewesternborder
of ¡he ¡he so-called«Athesianvolcanic p¡atform»,which may be regardedas a
megacalderainfilled by a very ¡bick effusive sequenceknown as «Atesine»
volcaniesor«BozenerQuartzporphyr>s.‘[his majorvolcanic«basin»is limited¡o ¡he
west by ¡be GiudicarieLine, to the southby the \~alsuganaLine, ¡o Ihe north
approximatelyby thePunesLine; ¡heeasternmarginisdeterminedby aN-Stectonic
alignmen¡runningalittle westoítheBadiaandCisnionvalleys;its northernsegmen¡
corresponds¡o ¡he «Wiirz JochRidge»of Wopfner(1984).

‘[he volcaniesequenceof thismegacalderamayreachathicknessof about2000
m audshowsaquitecomplexverticalevolutionfrom basalandesitielavas¡oupper
rhyolitic ignimbrites,throughdaci¡ic- rhyodaci¡ic lavasanáignimbrites(for recent
reviewsseeDAmico, 1979,1986).Accordinglo DAmico(1986)andBargossiand
DAmico (1989)themagmaticassociationis clearlycalk-alkaline.In DAmicoetal.
(1980),andDAmico andDel Moro (1988) radiometricagesrelative¡o agreatpart
of this sequencerangefrom abou¡ 272 Ma (both lower and upper rhyodacitic
ignimbrites)¡o 267 Ma (upperrhyolitic ignimbrites).

Synvolcanic¡ectonicactivityhasbeendocumented(e.g.Brandietat, 1970,1976;
Bargossi,D’Amico&Scipioni, 1983),resultinginiateralchangesin thicknessand
in Ihepetrographicassocia¡ionof ¡heeffusivesuccess¡on.Intravolcaniesedimentary
clasticbodies(conglomerateandsandstone)mayoccurwi¡hinIhemegacaldera;¡hey
represeníIhe infillings of small fault-controlledbasius.

The‘fregiovoFormationis onlyoneof suchclastieintercalations,al¡houghit is
probably tite mostimportaníone,duetoi¡s stratigraphicpositionnear¡heendof¡he
volcanic manifesta¡ions.Rich fossil assemblages(plan¡ remains,palynomorphs,
tetrapod footprints) permil its correlation with other Alpine and extra-Alpine
Permiancontinentalbasins.

‘[he ‘[regiovo Fmis insertedin ¡heuppermos¡panof theMonteLucovolcanie
succession,croppingoutalongaNNE-SSEstrikcbetween¡heGiudicarieandFoinna
Lines. ‘[his succession(Bargossi& DAmico, 1989)consisísoía“Lower Group’
composedof conglomerateswith pebblesderivedfrom ¡hemetamorphicbasement
andbasaleffusiveproducís,iníercalatedwith rhyodacitictorhyolitic lavaflows and
coveredby thick (800 m) rhyodaciticlavas. The “Upper Group’ is mainlyrepre-
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sentedby rhyodacitictorhyolitie ignimbrites.‘¡he peculiarityof ¡beLowerGroup,
lackingin andesitieproduc¡sandrich in rhyodaciticlavas(whicharequitesearcein
Éhe true Athesianama)IeadsBargossiandDAmico (1989) to proposea tectonie
separationof¡heMt. Lucodis¡ric¡from ¡heA¡hesianone,whichonly ceasedduring
¡hedepositionof ¡heUpperGroup.

Ew

-- ignimixite;

y y ph: lower rhyolitic ignimixite;
pSI: rhyadacitic ignimbrite

////// paJaensol

l’ig. 1 0—IdealisedW-EPermiancross-sect¡onthroughwesternpartofEheTregiovoBasin,Bolzano/
Trentoprovinces.(After Cassinis& Neri, 1990).
Fig. lO——Corteidealizado,enlasprovinciasdeBolzano/Trento.delPérmicode la zonaoccidental
de la cuencade Tregiovo.condirecciónO-E. (SegónCassinis& Neri, 1990).

TREGIOVO FORMATION

a - alluvial fan conglamerates
VGS: VAL GARDENA SANOSTONE a~ and sandstones

b - lacustrine shales
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‘[he ‘[regiovo Fmwasdepositedalong¡besou¡b-eastemborderof¡hementioned
volcanicdis¡rict, between‘[regiovo andLauregno,within a¡ec¡onicallydepressed
N-Strendingbelt. Itis limited a¡¡hebaseand¡hetopby ¡wo rhyoli¡ic ignimbrite uni¡s
(Gianno¡¡i, 1963; Uleigral, 1969; Bargossiet al., 1983; Bargossi& DAmico,
1 989).Theoccurrenceof¡heupperignimbriteunit isdeniedbyMostler(1966),Klau
andMostler(1983)andAstI andBrezina(1986),accordingtowhom¡he «‘[regiovo»
is directly overlain by ¡heVal GardenaSandstone.l-lowever, recentticíd work by
te presen¡au¡horsalsosupports¡heexistenceofavolcanicunil,afew¡crisof metres
lhick, intercalatedbetween¡he ‘[regiovo beds and ¡he overlying Val Gardena
Sandstone(localities: N4iauneri,Pertmeri). ‘¡he upperpanof ¡he ignimbri¡ic unit
displaysan intensepedogenicalterationbefore¡hedepositionof theVal Gardena
clasties.Also¡heRio Pescarasection,from whicbAstI andBrezina(1986)describe
a Tregiovo-Gardenastratigraphiceontac¡,confirms ¡his conclusion. In fact, ¡he
contactexaminedby theseautborsis tectonised;la¡erally¡heValGardenaSands¡one
is clearlyunderlainby avolcanic body (kindly interpretedby L. Cortesognofrom
GenovaUniversityas arhyolitic ignimbrite,pers.com.),of unknownthicknessas
only the top (abou¡2 m) emergesfrorn ¡bewater.

- The‘[regiovo Forniationmuybedivided into ¡breeinfonnalmembers(Fig. 10).

1) Relowerone(40-50m) is madeup of unsortedsund-lo clast-supported
conglomerateswit angulartopoorly roundedvolcaniepebbles(from a few cm to
sornedm in size).Only towardsthe top ¡bis unit evolveslo coarsesandstonewith
scarcetroughcross-beddingandparallellamination,withruditicpocketsandlenses.

‘[he prevailingdepositionalmechanismseems¡o havebeeninass-fiow.It foílows
¡ha¡ te sedimen¡arysettingmay beinterpretedasaproximalalluvial fan at¡he foo¡
of fault- controlled scarps.‘[he upperpanof the metnberrecordsmid- ¡o distal
alluvial fan facies,dominatedby channelised¡o unchannelisedstreamflows.

2) Re seeondmember(80-100>?m) representsthe classicalfaciesof ¡he
‘[regiovo beds,consis¡ingof thin-bedded,platy dark grey¡o blackmuds¡onewi¡h
mm-cm¡hick“varve-like” in¡ercalationsmudeopof siltstoneocveryfine sandstone.
A carbonatefraction is very commonthroughout¡besebeds andmaybe Iocally
dominant.Silicification aud silicified concretionsoceur al different levels. ‘Ube
sedimentarys¡ructuresarecharacterizedby normalgrading,parallellaminationand,
morerarely, ripples and mud-cracks.Ihe fossil contentsincludeplant remains,
os¡racods,conchostracans;severalhorizonswith «lacertoid»tetrapodfootprints
havebeenrecentlydiscoveredandsampledbyMA. Conti,N. Mario¡¡i, U. Nicosia
(Universityof Rome)audP. Mietto (Universi¡yof Padova)in ¡he lower partof ¡he
unil.

No clearlyapparentinternalorganizationinto faciessequencesseems¡o exist
within ¡his mono¡onoussuccession.‘[he sedimen¡aryenvironmenícanbe referred
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¡o a shajlow, low-energylacustrmnese¡tingcharaeterisedby frequentepisodesof
subaerialexposure.

3) ‘¡he uppermemberis documentedby afew outcropsseparatedby wide
unexposedareas.‘[bus, due ¡o ¡bis condition and ¡he intense Alpine ¡ectonies
affecting¡hesectoriii question,it isdifficult ¡o reconstrucílis verticalsequenceand
thickness.

‘[he lower part is representedby .shaly-siltymudstonewi¡h sandyintercalations
rangingin ¡bicknessfroin a few cm lo about 20-40 cm. ‘[bese lilbofacies are
organisedinto thickening-andcoarsening-upward(C.U.) sequences,4-5mthick,in
which¡he mudfraction is dominant.

Sorneoutcropsattributable to ¡he mid-upperpart of the memberare sÉilí
characterisedby asimilar faciesorganisalion,witb adistincíincreasein ¡be sand/
mudratio; the sandstonelayersareplaty. FollowingaC.U. ¡rend,thesefaciesare
cappedby amassivecoarsesands¡onebody,of ilí-definedtickness(over 10m 7),
strongly disturbedby tectonies.

Member3 probablyrecordsIbe repeatedprogradationpbasesof distal afluvial
fan «sheetsands»(suchas¡bosedescribedby Orietal., 1988,in thetypical«Collio»
area)towards¡hebasincentre.Upwards,moreproximalfaciesreturn.

Accordingto ¡hestrarigraphiccolumnof Klau audMostler(1983), the¡op parÉ
of the niember is representedby mass-flowconglomeraticdeposi¡spertaining¡o
proximalalluvial fans (no¡ observedin ¡he field by tIte wri¡ers).

Member3 hasnotbeenobservedalí over¡heTregiovoBasin.For example,¡he
upperparÉ of ¡heTregiovo FormationnearLautrgno (Pertmeri)consistsof shaly
«varve-like»faciesof member2; thesecontainsornehorizons,0.5-1 m thick,made
up of fiatpebblebrecciaswith clastsderivedfrom ¡hesamelacustrinefacies;¡here
arealsoslumpedordebris-flowlevelswi¡b plas¡icallydeformedslabsmorethan1 m
large,alsodedvedfmm ¡he«shaly»‘[nigiovo beds.MosÉprobably¡besereprescnt
theresponsetoareactivationof theboundaryfaul¡s,whieharealsoresponsiblefor
¡heprogradationof ¡bemarginalalluvial fan lobes.

On ¡he basis of the stratigraphic featuresdescribed aboye, te structural
evolutonof thc Tmgiovo Basincanbe summansedas follows:

a> initial block-faulting leading ¡o ¡be collapse of ¡he basin and ¡o the
depositionof the scarp-footconglomeratesof member1;

b) atectonicallyquiel time in which¡bemonotonousmuddylacustrinefacies
(member2) wasdeposited;

c) a reactivationof synsedimentary¡ectonics, producing ¡he basinward
progradationof ¡hemarginalalluvial fancoarseclastiesandepisodesof gravitational
resedimentationwi¡hin the basin;

d) fmally, ¡heextrusionofthelastvolcanicproduc¡s(upperrhyoliticignimbrite)
capping¡hesedimentarysuecession.
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UPPERCYCLE

lii thecentral-easternSouth-Alpineareateseeondcycle(Fig. 1) consistsof¡he
following uni¡s (from ¡bebaseupwards):

a) basal conglomerates,sometimesdistinguishedas independentlitas-
tra¡igraphicunits(Val DaoneConglomerate,SestoConglomerate,TarvisioEreccia);
¡hey res¡unconformablyon a substíateformedwitbin ¡he investigatedareaby ¡he
productsof ¡he firsí Permianeycie as well as by ¡he Hercynianmetamorphic
basement;

b) continentalclastic VerrucanoLombardo-ValGardenaSands¡one,repre-
sentingthesamelithosomeknownwitbdifferentnamesin Lombardyandin te area
eas¡of ¡he Adige Vafley;

e) EellerophonFormation,depositedonly in teareacasÉof¡beAdigeValley
andconsistingof averycomplexarrayof lithofaciesrangingfromsulphateevaporite
aud rnarly-sihydolomite depositedin -a coastalsabkhaenvironrnentlo shallow
marinefossiliferouslimestone;it interfingerswith andlaterally replacesparÉof the
Val QardenaSandstone.

Unlike ¡hedepositsof¡helowercycle,thoseof ¡hesecoadonelorm acontinuous,
widespreadbody in a largesectorof theSou¡hernMps,extendingfromtheeastern
borderof¡heMonteGeneroso-ComoHigh (CassinisetaL, 1988)totheCarnieAlps
and,furthcr¡o ¡heeast,to Yugoslavia.‘[bey areseparatedfrom¡hegenerallyLower
Permianunitsby apronouncedunconformity,relatedtoanoveralíreorganisationof
thesynsedimentary¡ectonieswhichwill bediscussedin detail in thenextsection.AÉ
thetop tbeyareoverlainby te marineLowerTriassicsedimentspertainingtote
Servino(Lombardy)andWerfen(eastemSou¡hernAlps) forma¡ions.

As regards¡he«basalconglomerates»theage,stra¡igraphicsettingandgeologi-
cal meaningof ¡hesebodies,in¡erpre¡edasalluvial fan lobesdepositedatte foot of
faulí-controltedscarps,havelongbeendebated.Sorneau¡horsplaced¡berna¡theend
of ¡hefirst cycle.‘[he SestoConglomerateandTarvisioBreccia,consideredby Kah-
ler (1986).Fltigel (1986),FlÍlgel audKraus (1988)asCisjanskianin age,havebeen
interpretedby teseauthorsasalmostisochronousbodiesresultingfromthetectonic
uplift anddisintegrationof¡heLowerPermiancarbonateplatformsa¡theendof ¡heir
depositionalhis¡ory.

However,accordingtotheltali-an[GCP2O3Group(1986),Cassinisera/.(1988),
Ven¡urini (1990), ¡hey represent¡he lowermostdepositsof ¡he secondPermian
cycle; ¡heirageprobablychangesfrom placeto place,dueto synsedimentarytec-
tonics amithepalaeostrueturalsetting.In tis interpretation¡beygradeupwardsinto
te braidedstreamdepositsof ¡he Val OrdenaSandstonewi¡hout anyappreciable
timegap.
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Thesedimentaryevolutionof te unitspertainingto te secondcyclehasbeen
describedin detailby severalworkers(e.g.Bosellini& Dal Cm, 1968;Bosellini &
Hardie,1973;Italian IGCP203Group,1986;Ori etaL, 1988;Ori, 1988;Massariet
aL, 1988; BroglioLorigaet aL, 1988; Noé, 1988).

Altogether,¡heVerrucanoLombardo- Val GardenaSandstoneandtbeBelle-
rophonFormationconstituteamajortining-upwardstransgressivesequence,slowly
evolvingfrom coarse,piedmontclastiesatthebase¡o shallowmarinefossiliferous
limestoneat¡be top.

‘[he baseof thissequenceis representedby mud- ¡o clast-supportedconglom-
erates,frequentlyunchannelisedandinterbeddedwkbvariableamountsofmudstone,
usuallyrich inpedogenicstructuressuchasdeeply-reachingdesiccationcracksand
calcretehorizons;¡hesefaciesare interpretedin Éermsof an alluvial fmi

Thisunit is overlainby red¡o greysandstonesandgravelsforming cross-cu¡¡ing
lenticularchannelfilís in which¡hedominantdepositionalstructuresarerepresented
by trough cross-bedding(braided streamdeposits);it evolves upwards into a
meanderingriver setting,characterisedby theverticals¡ackingofanumberofpoin¡-
bar sequenceswith alateralaccretianpattern(epsiloncross-bedding).

The fluvial sequenceis cappedby a mud- dominatedunit witb sparseribbon
channelsandshee¡sands;tesedepositsareinterpretedas¡he recordof terminalfan
systemsencroach~ngonto¡he coastalplain. According¡o Ori (1988) ¡he Permian
nversof ¡he SouthernAlps wereexotiein nature; flowing acrossa semiarid-arid
plain ¡bey were affectedby a progressiveloss of waterdueto evaporationand
infiltration, until ¡beybecameunablelo cnt channels.Beforereacbing¡besea,¡bey
vanishediii coastaltenninalfans.

Eastof ¡heAdigeValley, te redclastiesaregraduallycoveredby te marginal
marinesedimentsof¡he lowerpartofte BellerophonFm,representativeofvarious
coastalse¡tingsandpa¡¡emsof sedimentation.AÉ thebaseof ¡his formation,¡hepro-
minentdepositional¡hemeis ¡he«sabkhacycle»describedby BoselliniandHardie
(1973), eharacterisedby ashallowing-upwardstrendevolvingfrom subtidaldolo-
mileto cbicken-wiregypsnmof¡besupratidalportionof ¡besabbka.Followingan
overalítransgressive¡rend,themarginalmarinedepositsarereplacedupsectionby
shallow wa¡er limestone,wi¡h rich faunal andfloral remains(forams,calcareous
algae,bivalves,gastropods,nautiloids;seeBroglio Lorigaet al., 1988forareview).
Suchanideal transgressivesequencemaybedivided into anumberof minor¡rans-
gressive-regressivecycles,whichmay be interpre¡edaseusta¡icallycontrolled3rd
orderdepositionalsequences,althougbtlieir verticalevolutionandfaciesorganisa-
tion is also strongly influencedby synsedimentary¡ectonies.As a result,clastie,
evaporiteandcarbonaterepea¡edlyinterfinger.‘[bree depositionalsequenceshave
beenrecognizedwithin Cycle2 in thewestemDolomites(Farabegoli& Viel, 1982;
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Massariet al., 1988; Neri & Massari,1990).Foursequencesare recordedin ¡be
Carnie mps wherea basalsequenceoccours,apparentlyinexistentwes¡ of the
Comelicoregion.

AI¡boughsynsedimentaryteetoniesweresÉilí active,Cycle 2 seems¡o testify,

from ¡hebaseupwards,¡o aprogressiveflatteningof¡hepalaeotopography,inherited
as well as due ¡o new fault movements(reactivationandnew formationmay be
involved). At ¡he end of the Permian¡he depositionalareaextendedalí over the
Sou¡hernAlpseas¡of¡he Mt. GenerosoHigh.It wascharacterisedbyaverylow relief
with wide faciesbeltswhich gradedinto eachother lateralLy. On Udsfiat latid ¡he
«Werfentransgression»,moreor lesscoincidingwith ¡he Permian¡Triassicbound-
ary, encroached.‘[bis generateda fast shift of ¡be coastline towards westem
Lombardy.

‘[he geometry,¡hicknessandfaciespattemof thedepositsof Cycle2 givesome
indicationsabout¡be “Middle” Permianreorganisationof structuralÉrends.

‘[he mostsubsidentareaswererepresentedby:

a) easternLombacdy,wheretheVerrucanoLombardoreachesamaximum
thicknessofabou¡500m,evenon previousEarlyPermianhighs,suchastheVal Ca-
monicaRidge;

b) theeastemsectorof¡beSou¡bernAlps:panof ¡heWestemDolomites,te.
Mt. Putia,wit a¡hicknessof more¡han 500m; ¡heCadore-Comelicoarea,where
a¡bicknessof ca. 800mis reachedlocally; panofCarnia,i. e. ¡hePaularoarea. It is
notedtat in ¡heCadore-Comelicodepocentre¡he successiondirectlyoverlies¡he
me¡amorphicbasement,which was arelativehigh duringCycle 1.

‘[bese two main depocentreswere separatedby a prominentN-S trending
ancienthigh locatedbetweenthe Adige Valley and ¡he GiudicarieLine (Adige-
Brenta Ridge),which is subdividedinto ininor lows and highs, with thicknesses
rangingfrom50 m¡o about150-200m. O¡herimportanthighswererepíesentedby
theareasouthof ¡he ValsuganaLine (thicknessof theUpperPermiandepositsnol
in excessof 100ni), whichalsoactedasahighduringCycle 1, andbysornesectors
ofNECarnia(Pramollo,etc.;seeVenturini, ¡986,1990).Moreover,¡bepalaeocurrent
pattemof ¡beVal GardenaSandstone,with frequent5- directedtranspon,seems¡o
sugges¡¡heexistenceof anorthernlnsubrichigh.

THE UNCONFORMITY BETWEEN LOWER AND IJPPERCYCLES

As statedin thepreviouspages,¡heboundarybetween¡be two Permiancycles
is marked‘ay an unconformity (Figs. 1 and 3), in ah prohability dueto te Mid-.
Permian¡ec¡onic event. It resultsin ¡he superpositionof ¡he widespreadfluvial
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VerrucanoLombardo-ValGardenaSands¡onelitosomeonto the more localised
lacustrine-alluvialfan sedimentsandsubaerialvolcanicsinfilling te«taphrogenic»
basinsof Cycle 1.

Cycle 2 is characterisedby a general reorganisationof ¡be tectonie Unes
responsiblefor ¡hepalaeo¡opographyand¡hesubsidencepattem.Severalimpor¡ant
faultswhiehcontrolledtepalaeogeographyof Cycle1 weredeactivated(e. g.Funes
Line, probably Val TrompiaLine, etc.); o¡berswere reactivatedwit a different
s¡ructuralbehaviour,de¡erminingIhe shiftof depocentres.Someexamplesaregiven
at¡heend of ¡heprecedingsection.

‘[he timegapassociatedwith tis unconformityis still notfully known,due¡o
¡he fact ¡bat the standardclassificationof tis geologicalintervalhasnoÉyetbeen
clearlydefinedandto ¡he low resolutionand generalpaucityof te fossil record
(mainly restricted¡o palynomorphs)in ¡helowerpartof¡beValGardenaSandstone.
However,¡he baseof Cycle2 seemsdiachronous,beingolderin Carniatan in the
Dolomites;moreover,within a singlearea,¡he agealsodependson ¡he struc¡ural
setting,the onsetof sedimentationbeingusuallylateron palaeohighs.

Palynolog¿ca¡datingof [hetop o?Cycle 1, duetoJ. Doubinger(inCassinis&
Neri, 1990),indicatesthat¡heageof¡heunconformityhastobelater¡han ¡heearliest
«Middle» Permian (according¡o ¡he ¡bree-fold subdivisionof ¡he Period), and
probablyolder ¡han‘[atarian(al¡houghno certaindataareavailableabou¡te time
of the basalsequenceof Cycle2 from Camia,believedto be¡be oldestdepositsof
¡he uppercycle) (Fig. 2).

‘[hus ¡heunconformityin questionismorerecent¡han¡hemainSaalian«phase».
Probablyit is ¡o be correlated¡o pos¡-Saalianevents,such as ¡he first Al¡mark
movementsoíHoffmann,KampsandSchneider(1989),probablycorresponding¡o
¡he «Palatinephase»sensaKozur (1980).

In ¡heSou¡hernAlps thiseventtookplacea¡ ¡heendof te Permianvolcanism,
e-of¡he lowercycle,althoughsomeauthors(Cadel,1986;Dickins, 1988)note¡he

occurrenceof minor igneousproductsin tbelower panof ¡heuppercycle.

CONCLUDING REMARKS

In this work wehavediscussed¡he history of somecontinentalbasinsin te
SouternAlps. Two tec¡ono-sedimentarycycleshavebeendocumented.

1) CycIeI

1.1. Thedepositionalhistoryandthestruc¡uralevolutionof¡beproductsofthis.
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cyclemaybedescribedwith reference¡o ¡heCollio Basin,¡he besÉknownandmost
remarkableexampleamong¡boseconsidered.Re structuralorganisationof ¡he
‘[regiovo Basinissubstantiallysimilar,albeiton asmallerseale.Otherbasinssupply
lessclearevidence.

‘[he mainevolu¡ionarystagesoftheCollio Basincanbesummarisedasfollows
(Ori el aL, 1988) (Hg. 11):

a) Extensivevolcanieactivi¡y producedabasalignimbritic body drapingthe
crys¡allinebasement.

b) Block-faulting,whichalsocontrolled¡hevolcanicity,led totheformation
of anhalf-graben;main faults roughlycorrespond¡o ¡heGiudicarieLine (east)and
¡ote Val ‘[rompia Line (south).Alluvial fans,on ¡hebasinmargin,andlacustrine

~ B
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F71 BASAl. VOCCANIO DEPOSIT

Fig. II —MajorevolutionarystagesofPermianvolcanic-sedimcntarydepositionintheCollioBasin.
Explanarion in ¡he text for more det.ails.(After Ori «tal., 1988).
Fig. II -—Principalesetapasevolutivasdc la sedimentaciónvolcanoclásticapérmicaen la cuenca
Collio. Paramásdetalleverexplicaciónenel texto. (SegónOri el al., 1988).
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deposits(Collio Fm) werebatlaiddownatthisstage.Volcanieactivity (lavaflows,
dikes,tuff.s) wassÉil] iii force on te steepeastemniarginof te basin.

e) As aresultof majarteetoniceffeets(uplift of te basinmargin),marginal
aluvialfan systemsprogradedmio the basin,progressivelyfilhing it up (Dossodei
Galli Conglomerate).

d) ‘[he sedimentaryhistory of thebasinis closedbyteoutpouringof te last
volcanieproducts,representedbyterhyolitic ignimbritesandotherminoreffusive
manifestationsknownas «AucciaVolcanies».

e) After s¡aged>, te wholesuceessionunderwentaphaseof tectoniedefor-
mation and subsequeníerosion, resuhingin an unconformiíy(locally angular)
between¡heAucciaVolcaniesaudte overlyingVerrucanaLombardo.Frequently,
thick palaeosalsaredevelopedatthetopafiliedcposi¡softhelowercycleduring¡his
phase.

1.2. As discussedin ¡hepreviouspages,¡hemain faults controllingthebasin
marginsand¡hevolcaniedistrictsin ¡hedifferentpartsofte overalíareafallmio twa
majargroups.‘[he firsí, froni NNE- 55W¡o N-Strending,is subs¡antiailyparailel
to te Giudicarie Line. ‘[he secondis directedabautE-W, and the main faulis
approximatelycoincide wit or are parallel ¡o ihe preseníVal ‘[rompía Line,
ValsuganaLine, ‘[anale andPusteriasegmentsof ¡hePeriadriatieLineament,etc.

‘[hus te quatedlines seemto represen¡ancestralfaulí lineameniswhichhave
beenrepeatedlyreactivateduntil te Alpineorogenesis.‘[he Hercynianstructural
grain,¡herefore,hasplayedan importantrole on the future MesozoicandTertiary
reorganisatian.

2) Cyde2

‘[he Mid-Upper Permianclastiesforming ¡he basalparÉ of tuscycle is very
widely distributed geographically;¡hey also extendoutsidete Sou¡hemAlps
(Siavenia,etc.),overlying¡heLawerPemiianmarinesediments(‘[ragkofe] Group)
which crop out in Carniaandin the KarawankenMts. mis sugges¡sa regional
relativeuplift duetate previouslydiscussed«Mid-Permian»¡ectonies,accompa-
niedby anoverallregression.

‘¡he following depositionalhistoryof te sedimentarysuccessionpertainingto
Cycle2 is characterisedby ageneraltransgressivetrendwbichlcd ¡hecoastlineto
reach¡he Adige Valley at te endof ¡be Permian.‘[his may be interpretedas ¡he
responsetoageneralpeneplanationconcomi¡anttoacantinuingregionalsubsidence,
inducedby ¡ensionalkctomcs.The wholesuccessionmay befurter divided into
some¡birdardercycles,resultingin te repeatedinterfingeringof continentalred

beds(ValGardenaSandstone)andmarginallo fufly marineunits (BelleropbonFm).
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Theevolutionof thesecyclesiscontrolledby eus¡a¡icfluctuations(Neri & Massari,
1990)as well asbeinginfluencedby persistenttectonieactivity. In fact, ¡heInÉter
determined¡hepositionofpalaeohigbs(with reduced,mainlycontinentalsuccessions)
andstronglysubsidingareas.

3) Geodynamicsetting

‘[he geodynamicsetting of ¡he basinsexaminedis still controversial,as it
belongslate moregeneralaral still debatedinterpretationof the «Late»andlor
«Pos¡»-Hercynianeventsof ¡he wholeEuropeanarea.Re datasuppliedfrom ¡he
Permiansedimentaryandvolcanicsuccessionsof¡he centralSouthernAlps under-
¡me ¡he fbllowing facts.

3.1. ‘[he stmcturalevolutionof te basinsis controfledby tensionaltectonies,
assupportedbymanyauthors(cg.Cassinisetal., 1980).’[his hasbeeninterpreted
as¡heresponseto simplecrustalextension(Wopt’ner, 1984),orasduetotranstensional
movementsin ageneralstrike-slipcontext.‘[he lat¡erin¡erpre¡ation,advancedforthe
SouthernAlps by Venturini (1983), Cadel (1986). Massari(1988) andothers,is
gainingforce sinceit mayexplaiti ¡he coexisteneeof distensiveandcompressional
effects(whichmaycontrol¡he repeatedreactiva¡ionsof ¡hepaleohighs),¡heabrupí
shiftingofdepocentres,¡he frequentlyobservedinversionofthehighsinto subsiding
areasandviceversa.‘[he strike-slip interpretationfits in witb te Permo-Carbon-
ifernus recons¡ructionsof Arihaud and Maue (1911). Ziegler (1982, 1988) aud
others,which affirm the existenceof a widespreadzone of dextral megashear
be¡ween¡heAtlas and¡he‘[omquist Line.

3.2. According¡o mostauthors(cg. Bargossi& DAmico, 1989) ¡he central
South-AlpinePermianvolcanicsaremainly ealk-alkalinein nature.‘[he common
alkalinecharactershownby teessen¡iallyrhyolitic volcanicandsubvolcanicbodies
croppingou¡ in ¡heCollio Basin(between¡heDaoneand‘[rompia Valleys)aswell
asin ¡heTioneBasin(lowerRendenaValley)seemsreferabletoanintensedeuterie
hydrothermal-pneumatholiticalteration(PeyronelPagliani,1965;PeyronelPagliani
& ClericiRisari, 1973;CassinisetaL, 1975;Origoni Giobbi, PeyronelPagliani&
Zanchini Camerini, 1979), even if, according¡o ¡he la¡¡er authors, ¡he present
chemicalcompositionshouldbevery claseto ¡bat of ¡heprimarymagmatiemelÉ.

A numberof modeishavebeenproposedfor thecausesof meltingaudvolcanic
chronologicaldistributionin ¡he light of differentgeodynamicinterpreta¡ionsused
¡o explain ¡he I-lercynianorogenyand¡he following relatedevents.MasÉof tese
modelsinvolvetypeA subduc¡ion(Vai etaL, 1984;etc.)or typeB (SÉille & Bulet¡i,
1987;Mercalli& Oberhánsli,1988;Di BattistinietaL, 1990),duringLatePalaeozoic
times.
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Cabellaeta/.(1988)pointedouttheprablemarisingfrom¡heverylongtimespan
whichseparatedI-lercyniantectogenesisfromte beginningofte volcanieactivity.
Indeed, aneshould remembertat ¡he area investigatedshows the ageof the

Hercynianmetamorphiceventsis tobearound350-315Ma,according¡oDelMoro,
Sassi and Zirpoli (1980, 1984) audothers,while plutonism and volcanismare
respectivelyassignedto about295-274Ma and272-267Ma,on ¡hebasisof data
given by Borsi, Ferraraand‘[ongiorgi (1966),Borsi,Del Moro andFerrara(1972),
Borsi,D’ amicoandDelMoro (1974),lyAmico etal.(1980),DAmicoandDelMoro
(1988, and personalcomniunicationof ¡he la¡¡er au¡har). Cabellaet aL (1988)

sugges¡edan alternative view basedon a post-orogeniegenesisof ¡he magma,
probablylinked to mantiediapirism.‘Uhe emplacementof ¡heigneousbodiesmay

beconnectedwith ¡hetransitionbetweenthecompressional¡atedistensivephase
whicheharacterisedlate- ¡o post- Hercyniantimes.

ACNOWLEDGEMENTS

‘[he authorsare grateful ¡o the editorial boardof ¡he Reviewfor ¡he transíationinto
Spanishof ¡he abstractand the captions of the figures. They are also indebted¡o an
anonyniousrefereefor te atten¡ivereadingof ¡hemanuscriptandfor havingimproved¡he
Englishtext. A¡ the sametime, bo¡h authorswish ¡o recalí ¡he generausandefficacious
contributionof J. Daubingerregarding¡hechronostratigraphicinterpre¡atianof theCollio
andTregiovoForma¡ions,basedan¡he palynologicalstudy, that representsun important
point of refereneeor discussionin arderto focalizesomeevolutive stagesof ¡he South-
Alpine Permian.

Work suppor¡edby grantsfrom M.IJ.R.S.T.(40%, 60%)andC.N.R.

REFERENCES

ARTHAIJD, F., & MATTE, 1’. (1977): Late Paleozoicstrike-slip faulting in sou¡hem
Europeand nocthernAfrica: ResulÉof a right- lateralshearzonebetweenthe Appala-
chiansandtheUrals. GeaLSoc.America Buí?., 88: 1305-1320.

ASSERETO,R., & CASATÍ, P. (1965): Revisionedella stratigrafiapermo-Éciassicadella
Val Camonicameridionale(Lombardia).Riv. Ital. Palear».Strat.,71:999-1097.

ASTL, O., & BREZINA, J. (1986): BemerkungenzurStra¡igraphieund randfaziesder
Mittelpern¡ischen‘[regiovo-Schichten(ProvinzBozen/Trient,Italien).Ceo?.Palñonp
Mill. Innsbruck,14:109-114.

BARGOSSI,O. M., & DAMICO, C. (1989): Significanceof ¡hevolcanicrocksof Monte
Luco (Trentino-AltoAdige,Northemltaly) in the Permianvolcanisn¡of ¡heSouthem
A¡ps.MiaerPeírogr Acta,31(1988): ¡3] -157.



172 0. Caxsinis& U Neri

BARGOSSI, 0. M.; DAMICO, C., & SCIPIONI, P. (¡983): Posizionedegli Strati di
TregiovonellasuccessionevulcanicaatesinadelTrentino-Alto Adige.Rend.So-.Geol.
It, 5(1982): 131-137.

BORSI, 5.; DAMICO, C., & DEL MORO, A. (1974): Studio radiometricodelle rocce
intrusivedel massicciodi Cima dAsta(Trentino).Mcm. Soc.Geol. It., 13: 145-159.

BORSI,5.; DEL MORO, A., & FERRARA, 0. (1972): Etñ radiametrichedelle rocce
intrusivedelmassiceiodiBressanone-lvigna-Mon¡eCroce(Alto Adige). Boíl. Soc. OcaL
It., 91: 387-406.

BORSI,5.; FERRARA,0.. & TONGIORGI,E. (1966): Rb/SrandKIAr agesof intrusive
rocksof Adamello andSabion(Trentino, Italy). Earth Planer. Sci. Len., 1: 54-57.

BOSELLIN], A., & DAL CIN, R. (1968): SedimentologiadelleArenariedi Val Gardena.
Sezionedi 5. Martina in Badia(BaLano).Boíl. Soc.Geol. It., 87: 401-423.

BOSELLINI, A., & 1-IARDIE, L. A. (1973): Depositional themeoía marginal marine
evaporite.Sedimentoiogv,20: 5-27.

BROGLIOLORIGA, C.; NERI, C.; POSENATO,R.. & PASINI, M. (1988):Marinefossil
-assemblagesfrom UpperPermianto lowerrnostTriassic in ¡he WesternDolonútes.
Mcm. Soc.OcaLIt, 34(1986):5-44.

BRONDI, A.; FUGANTI, A.; LUNZ, L.; MI’I1EMPERGHER, M.; MURARA, 0.;
NARDIN, M.; NASCIMBEN,P.;SCUDELERBACCELLE, L.; SOMMAVILLA, E.,
&ZIRPOLI, 0(1976):Commentoalfoglio geologico027,BaLano1:50.000.St Trent
Sc.Nat,6A, 53: 107-218.

BRONDI,A.; GHEZZO,C.; GUASPARRI,0.; RICCI,C.A.,& SABATINI, O. ( 1970):Le
vulcaniúpaleozoicheneWareasettentrionaledel complessoeftus$voatesnio.AUI Soc.
Tasé-.Sc.Nat.,77: 157-20<).

CABELLA, R.; CORTESOGNO.L.; DALLAGIOVANNA, O.; VANNUCCI. R., &
VANOSSI,M. (1988): Vulcanismo,sedirnentazionee tettonicanelBrianzoneseligure
estemoduranteil Permo-Carbonifero.AtU Ticin. Sc. Terra,31 (1987-88): 269-326.

CADEL, 0. (1986): Geology and uraniun mineralizationof the Collio basin(central
SouthernAlps, haly). Uraniam,2: 215-240.

CASSIN]S,0(1964):UnafagliasaalianaodiePrealpiBrescianee la suaimportanzanei
riguardi dellasiratigrafiapermiana.Bali. Soc.Ocal. Ir., 83: 273 -283

CASSINIS,0(1966a):RassegnadelleformazionipermianedellaltaValTrompia(Brescia).
Atti Ist. OcaL Unir. Pavia, 17 (1965-66):50-66.

CASSINIS, 0. (1966b): La Formazionedi Collio nellarea-tipodellaltaVal ‘[rompia
(Permianoinferiorebresciano).Rin Itaí. Palcant.S¡rat, 72: 507-588.

CASSINIS,0(1968):Lasezione- tipo delleVulcanitidi Auccia(Pennicobresciano).Atti
[st Ocal. Unir. Pavia, 19:40-49.

CASSINIS,G.(1969):Conglomeratodel Dossodci GalIi. St. fiL Carta OcaL Italia. 2:13-
22.



Sedimcntaryandpalaeotectonicevolufian. - - 173

CASSINIS,0(1985): II PermianonelGruppodellAdamello,alía lucedellericerchesui
coeviterrenidelleareecontermini.Mcm.Sac.Geol.It, 26(1983,parteprima): 119-132.

CASSINIS,G.(1988):CartageologieadeidepositicontinentalipermianiasuddellAdamello.
Ath Ticin. Sc.Terra, 31(1987-88).

CASSINIS,0.; CASTELLARIN, A.; PELOSO,P. F.;SARTORI,R., & VERCESI, P. L.
(1982): II settoredella LineadelleGiudicarieSud: evoluzionepaíeotettonicapermo-
triassicacdassettos¡rutturaleattuale.In: Castellarin,A. & Vai, GB. (eds.):Guidaaíla

gealogiadelSudalpinorcntra-oricntaie.GuideGeol.Reg.5.0.1., 125-130,Bologna.

CASSINIS,0.;ELTER,G.; RAU,A., &‘[ONG(ORGI , M. (1980):Vermeano:atectothcies
of¡heAlpine-MediterraneanSouthemEurope.Mcm.Sar.Ocal. It., 20(1979):135-149.

CASSINIS,0.; MASSARI, E.; NERÍ, C., & VENTURIN!, C. (1988): ‘[he Continental
Permianin te SouthernAlps(Italy). A Review.Z. OcaL Wiss.-Berlin, 16:1117-1126.

CASSIN[S, O, & NERI. C. (1990): CoIlio and ‘[regiovo Permian continentalbasins
(SouthernAlps. ltaly): ageneraleomparison.AaiTirin. Sc. Terra, 33 (N.b.): 11-15.

CASSINIS.G.;ORIGONIGIOBBI,E.,&PEYRONELPAOLIANI,G.(1975):Osservaz¡oní
geologichee petrografichesuíPennianodellabassaVal Caffaro(Lombardiaorientale).
,4ttilst. OcaL Unir. Pavia, 25: 17-71.

DAMICO, C. (1979):Generalpictureof Hercynianmagmatismin theAlps,Calabría-Pc-
loritani andSardinia-Corsica.In: Sassi,F.P. (ed.) IGCPProj. nS,Ncvvsietter,1:33-68.

DAMICO, C. (1986): Volcanie sequencein Trentino-Alto Adige. In: Italian IGCP203
Group (cd.): PermianandPermian-Triassicboundaryin tite South-Alpinescgmcntof
r/¡c Wcsten¡Tcthx-s.FicldGuidc-boak.16-22,5.01.& 1.O.C.P.Pmj.203,.July ¡986-
Bresc‘a-

DAMICO. C.,& DEL MORO.A. (1988):PennianandTriassicRb-SrdatinginthePermian
rhyodaciticignimbritesof Trentino(SourhernAlps). Rcnd.Sor.It. Miner. Pctrol., 43:
171-180.

DAMICO,C.; DELMORO,A.; FREDDO,A., & PARDINI, A. (1980):Studioradiometrico
delle ignirnbriti riolitiche atesine,GruppoSuperiore.Rend.Soc. It. MinenPetral., 36:
703-716.

DEL MORO, A.; SASSI, F. P., & ZIRPOLÍ, G. (1980): Preliminary results on ¡he
radiornetrieageof ¡hel-lercynianmetamorphismin theSouthAlpine basementof the
EastemAlps. N. Ib. OcaL PaiaeantMit., 12: 707-718.

DEL MORO, A.; SASS[, F. P., & Z[RPOL[, 0. (¡984): Acidie gneissesfrom Plande
Coronesarea,and chronologicaldataon Sou¡h-Alpinebasementin Pusteria(Eastem
Alps). Mem. 1sf. Ocal. Minen Unir. Padova,36:403-412.

Dl BAnISTINI, 0.; BARGOSSI,G.M.; SPOfll,G.,& TOSCANLL. (1990):Andesites
of thc LateHercynianvolcaniesequenceinTrentino-AltoAdige (northemItaly). Rend.
Sor. It. Minen Petral, spec.vol., 43(1988): 1087-! lOO.

DICKINS, 3. M. (1988): Theworld significanceof theHunter/Bowen(Indosinian)Mid-
Pennianto Tiiassicfolding phase.Mcm.Sor. OcaL It., 34(1986):345-352.



174 O. Cassinis& C. Ncri

FARABEGOLI, E.,& VIEL,G.(1982):[1Permo-SeiticodelleAlpi Meridionali.Relazione
finale Contr.C.RE.S.T.092.79.7MPPI.Samim-Pertusola,48 Pp.

FLUGEL, E. (1986): Early Perrnian sedimentationpatternsin te Comelico-Tarvisio
region. In: Italian IGCP203 Group(cd.): PerrnianandPermian-Triassicbaundaryin
tite South-Aipine scgmcntof tite WcsternTeuhys,Ficid-GuideBoak, 13-14.8.6.1.&
l.G.C.P.Proj. 203,July 1986-Brescia.

FLUGEL,E., & KRAUS, 8. (1988): TheLower PermianSextenBreccia(SextenDolo-
mites)audthe ‘[arvisio Breccia(CarnieAlps): microfacies.depositionalenvironment
and paleotectonieimplica¡ions.Mcm. Sar. OcaL It, 34(1986):67-90.

GIANNOTTI, GP. (1963): Intercalazionilacustrientro le vulcaniti paleozoicheatesine.
Atti Sor. Tosr. Sc.Nat., s. A, fase. 2 (1962): 3-22.

HOFFMALNN, N; KAMPS, 1-1. 1., & SCI-LNEIDER, 1. (1989): Neuerkenntntssezur
Biostra¡igraphieundPalaeodynamikdesPeinsin der Nordostdeu¡sehenSenke- cm
Diskussionsbeitrag.Z. Angew.OcaL,35: ¡98-207.

ITALIAN IGCP203 GROUP(cd.) (1986):PermianandPermian-‘[riassic boundaryin the
South-Alpinesegmentof¡be westernTethys.Ficid Guide-book.8.6.1.& l.GC.P.Proj.
203. July 1986- Brescia,180 Pp.

KAHLER, E. (1986): Em Normalprofil der Fusuliniden-S¡ra¡igraphieim Oberkarbonund
UnterpermderKamischenAlpen.Carintitia II, 96:1-17.

KLAU, W., & MOSTLER, H. (1983): Zn-Pb-F mineralizationin Midd]e Permianof
‘[regiovo (Provinceof Bozentfrien¡,Italy). In: Schneider,H.i. (cd.): Mincraldcposits
of tite A/ps ant! of tite Alpine Eporit in Europe,70-80, SpringerVerlag, Berlin-
Heidelberg.

KOTLJAR,.1. V. (1989):Correlationchanof UpperPermian.Permopitiles,Newsl.SCPS,
n. 14(June):12-13.

KOZUR, H. (1980): BeitrágezurStratigraphiedesPerms.Teil 111 (2): Zur Korrelationder
iiberwiegendkon¡inentalenAblagerungendesoberstenKarbonsund PermsvonMitíel-
und Westeuropa.FreibergerFarschh.,C 348: 69-172.

MASSARI,F. (1988):Sornethoughtson ¡hePermo-Triassieevolutionof dicSouth-Alpine
area(Italy). Mcm.Sor. OcaL 1/,34(1986):179-188.

MASSARI,E.;CONTI, M. A.; FONTANA, O.; HELMOLO, K.; MARIOTTI, >1.; NERI,
C.; NICOSIA, U.; ORI, G. G.; PASIN], M., & PITTAU, P. (1988):‘[he Val Gardena
Sandstoneand BellerophonFormationin te BletterbachGorge(Alta Adige, ltaly):
biostratigraphyandscdimentology.Mcm.Sc. OcaL-Padova.40: 229-273.

MERCOLLI, 1., & OBERHANSLI. R. (1988): Variscantectonieevolutionin ¡heCentral
Alps: a working hypotbesis.Scitwciz.Minen Pciragr Mitt, 68: 491-500.

MOSTLER, H. (1966): SedimentareBlci-Zink-Vcrerzung in den mittelpermischcu
«Schichtcnvon Tregiovo»(Nonsberg,Nord-ttalicn).MineraliumDeposito,2: 89-103.

NAKAZAWA K. (1990):CarrelationchartforthcpermianandLowcrTriassicof¡heworld.
Permapitiles,Newsl. SCPS.n. 17 (Nov.): 5-7.



Sedimentan’ant! palaeotectonicevolution... 175

NERI, C., & MASSARI,F. (eds.)(1990):TheVal GardenaSandstoneandtheHellcrophon
Formation of the Dolomites (SouthemAlps, Italy). Excursian Guidc-book.Ora,
september9-11, 1990,66Pp.

NOÉ, 8. (1988): Faciesand paleogcographyof ¡he marine Upper Permianand of Use
Permian-Triassicboundaryin the SouthernAlps (Bcllerophon Formation, Tesero
1-larizon).Facies, 16: 89-142.

ORI, C.C.(1988):‘[he natureof the Permianrivers inSouthcmAlps.Mc,». Sar. OcaL It.,
34(1986):155-160.

ORI, 0.0., & DALLA, 8. (1984): ‘[he Collio Basin: an intermontanebasin filled with
terrigenausandvolcaniedeposits(LowerPermian,SouthcmAlps). lAS SthEurop.Reg.
Mcc¡ing Sediment.,Abstrac¡sbook, 333-334.

ORI, GO.;DALLA, 8., & CASSINIS,G. (1988): Depositionalhistory of ¡he Permian
continentalseqt¡enccin Use Va] Trompia-PassoCroceDomini aiea (BrescianAlps,
ltaly). Mcm. Soc.OcaLIt., 34(1986):141-154.

ORIGONI GIOBB1,E.; PEYRONELPAGLIANI, 0., & ZANCI-IINI CAMIERINt, R M
(1979): Contributo alía conoscenzachimico- petrograficadelle vulcanití permiane
affioranti trala Val TrompiaeleValli Giudicarie.Rcnd.Sar It MinenPetral.,35:277-
298 -

PELOSO,CF.,& VERCESI,P.L. (1982):Stratigrafiae tettanicadellaporzionedi SW del
Gruppodi Brentatra la Val Rendcnaela Val dAlgone(Trentinooccidentale).Mcm. Sr.
Ocal. - Padova,35:377- 395 -

PEYRONELPAGLIANI, G. (1965):Studiopetrograficodellevulcanirídella«Formazione
diCollio» inaltaVal ‘[rompia (Brescia).Rení!. ¡st. Lomb. Sr. Lett,cl. Sc.(A), 99:148-
174.

PEYRONEL PAGLIAN], G., & CLERICÉRISARI, E. (1973):Le ignimbriti paleozaiche
costituendla formazione«Vulcaniti di Auccia» (PermicoBresciano).AnI [st. OcaL
¡miv. Pavia,23: 160-169.

STILLE, P.,& BULETTI, M. (1987):Nd-Srisatopiccharacteristiesof theLuganovolcanie
rocksandconstraintsanthecontinentalernstformationin ¡heSouthAlpine domain(N-
ltaly-Switzerland).Cantrib. MinenPetraL,96:140-150.

ULCIGRAI, E.(1969):Geologiadeidintomi diTregiovo(Trentino-Alto Adige). St Trcnt.
5c. NoÉ,Sez.A, 46: 243-300.

VAl, GB.; BORIANI, A.; RIVALEN’[I, P., & SASSI,E. P. (1984): CatenaEreinicae
Paleozoiconelle Alpi Meridionali. In: Centoanni di geologiaitaliana.Vol. giub. 15-
CentenarioSG.l., 133-154,Bologna.

VENTURINI, C. (1983):11 bacinotardoercinicodiPramollo(Alpi Carniche):unevoluzione
regolatadaliate¡tonicasinsedimentaria.Mcm. Sor. Geal. It, 24 (1982): 23-42.

VENTURIN 1, C. (1986):Permianredbedsaf¡heValGardenaSandstoneintheCamicAlps.
lis: Italian IGCP203Group(cd.):PermiímandPermian-Triassicboundw-yin ¡heSouth-



176 0. Cassinis& C. Neri

AlpinescgmentoftheWesternTethys.FicidOuide-baok,54-65,S.0.1.& l.G.C.P.Proj.
203,July 1986-Brescia.

VENTURIN], C. (1990):GeologiadelleAlpi Camichecentro-orientali.Ed.Mus. Friulano
StoriaNat.,pubbl. 36,220 pp.,Udine.

WOPFNER,H. (1984): Perrniandepositsof theSou¡hemAlpsasproductof initial Alpidie
taphrogenesis.Ocal.Rund,,73: 259-277.

ZIEGLER, PA. (1982): GeologicalAtlas of WestemandCentralEurope.Site!?mt. Petr.
Maat. 8V., 2 vol., Elsevier,Amsterdam.

ZIEGLER, PA. (1988): Evolutianof theArctic-North Atíantie and theWestemTethys.
AmenAssor.PerroleuniOcal.Mern.,43:l-198.

Manuscritarecibida: 10 Dir¿embre1990
Revisiónaceptada:8Maya 1991


