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ABSTRAC’[

In ¡he Ligurian Brian9onnaisdomain a late Variscansequenceof volcanie,

mainly ignimbritic,andsedimentarycontinentaldepositsfilled up grabenandhalf-
grabenstruc¡ures,borderedby two se¡sof syngeneticfaults(presentlytrendingnear-

ly E-WandN-S),duringtreemanphases.Theoldestone,ofWestphalian-S¡epha-
nian age,wasaccompaniedby calc-alkalinerhyolite;¡hesecondone,of middle(7)
S¡ephanianage,is markedby «shoshonitic»andesites;te last,earlyPermianone,
gayebugevolumesof calc-alkalinerhyolitic to daciticvolcanicsandwasclosedby

aK-rhyolitic event.No volcanismis associa¡edwith te uncamformablyoverlying
late Permiancontinentalcoarsedeposi¡s(Verrucano).

Keywords:LigurianBriangannaisdomain,late-Variscanvolcanieac¡ivity, pe-
¡rageneticprocesses,syn-sedimen¡arytectanics.

RESUMEN

En el dominioLiguro-Brianzanés(Italia), tuvo lugar el desarrollode unase-

cuencia¡ardivarisca.Estasecuencia,compuestadedepósitosvolcánicos,principal-
menteignimbritasy sedimentoscontinentales,generóel relleno,durantetres fases
principales,deunaseriede estructurasdetipo grabeny semigraben,limitadaspor
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dosgruposdefallassingenéticas(conunadirecciónactualaproximadaE-Oy N-S).
La secuenciamásantigua,deedadWestfaliense-Stephaniense,estuvoacompañada
de riolitascalco-alcalinas;la segunda,deedadStephaniensemedio(2), vienemar-

cadaporandesitasshoshonfticas;laúltima,de edadPérmicoinferior,dio lugaraun
importantevolumendevulcanismodacíticoy riolítico calco-alcalino,finalizando
conunaetapaK-riolftica. Losdepósitossuprayacentes,constituidosporsedimentos
de caráctercontinental(Verrucano)de edadPérmicosuperior,no se encuentran
asociadosa actividadvolcánica.

Palabrasclave:DominioLiguro-Brianzonés,actividadvolcánicatardivarisca,
procesospetrogenéticos,tectónicasinsedimentaria

IN’[RODUCTION

This shor¡ papercorrespandsto a kind of extendedabstractof a much longer
publication,wri¡¡en in Italian language(Cabellaeta!., 1989); for this reason,only
essentialfiguresami referenceshavebeenincludedhere.

In particular,formarecompleteinformationabautgeneralregionalgeologyand
Permian-Carboniferaussettingte readeris referredrespectivelyto Vanossiet aL

(1986)and¡o Cortesognoet aL (1984).

REGIONAL SEThNG-DISCUSSION

Fourforma¡ions,ofWestphalian-lowerPermianage,belonginginauterLigurian
Brianyonnaisdomain,arepresentin Viozenearea(fig 1).

‘[he oldestone(Ollana Fm.,n. 1), only outcroppingwith its 150m upperpan,
consists of alternating fine (graphitic phyllades)and coarsefluvial-lacustrine
metasediments,withminarinterbeddingsofcalc-alkalinerhyolitic tuffs (Brir Crase

Hg. 1—Principalescaracteres(parte zaperior) y cortepaleogeográflco(¡~ar¡c in erior) de lasfor-
macionestardivariscas.El espesorindicadoala derechade la tabla,con-espondealos valoresmedios
masaltos;en el corteinferiorseexpresanlasvariacioneslateralesy verticales,asícomolasrelaciones
heterópicas.Fasesde facturación:la extensiónde las líneasverticales,indican los períodosde
movimiento.
UnidadesdelCarbon~ferosuperior:Fm, Ollano (1);Tuffs Brie Cros.s(la); EsquistosViola(2);Fm,
Eze (3).
Unidadesde/PérmicoinfrriorQy medio?):PorfiroidesMeiogno(4 = LitozonaC; 5 = LitozonaCl;
6 = MiembroAimoni; 7 = MiembroCasePo!laio; 8 = LitozonaD).
Unidad delPérmicosuperio;-: Fm. Ven-ucano(9).
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Tufjfv, n. 1 a), represen¡ing¡heearlies¡manifesta¡ionsof late Variscanvolcanicac-
tivi¡y.

‘[he inkrmediatevolcanieepisode(middle Stephaniantproducedmainly

pyroclasticfalí depositsup to 250m¡hick, evenverycoarse,togelherwithminorlava
flows,showingK-andesitic,possiblyshoshoni¡ic,affini¡ies;¡heycorrespond¡o ¡he
andesiticproducts(Le Fm., n.3) well knownin innerBrian9onnaissectorsandare

contempora¡ywith a tin seriesof continental,sometimesgraphitic, fine detrital
sediments( Viala Srhists,n. 2).

‘[he early Permianmain volcanic activi¡y, generally representedin Ligurian

Brian~onnaisby buge volumes of ignimbritic calc-alkalinerhyolites (Melogna

Parphyraids, n. 4 iv 8>, displaysin the Viozenearea,from bottom to top, ¡hefol-
lowing peculiarsequence:

C Lititozane (n. 4), up ¡o 200m of calc-alkalinerhyoli¡ic ignimbiútes;

— C,L¡thazane(ti. 5),up ¡o350niof analogousignimbrites,meanlyshowing
higher K-feldsparcontents;

AimoniMember(ti. 6),upfa500ni mos¡lyof variegatedfine toexceedingly
coarsepyroclasticfalí deposits.with minorcalc-alkalinedacitic ignimbrites:

— Case Pa/laio Member (n. 7), up ¡o 10<) m of black ashdeposits,in¡erbedded
wíth bo¡h rarecarbonatebeds,often ex¡ensivelysilicified, of probableevaporitie
origin, anddanburite- tourmaline,sometimesrealgar- rich metapelitieleveN;

-~ DLithozane(n. 8), up¡o 100m of sub-alkalinepotassicrhyolitic ignimbrites.

LatePermianconglomeraticcontinentaldeposits( VerruranaFm.,n.9), grading
upwardsjeto Scythianquart¿ites,restparaconformablyoc ¡he erodedtop of the
volcaniccomplex.

Mostoftheaboyelistedlithologicunitsshow abmptlyorprogressivelydecreas-
ing thickness,bothalongE-W andN-S direc¡ions.

‘fo find outthecausesofsuchreduc¡ions,¡hegeologicalmappingwasintegrated
w¡th ¡he analysisof alpinedeformations.

Fouralpinefolding phasesof decreasingin¡ensity haveaffected¡hearea;¡bey

arealt co-axial(E-W),exceptfor ¡helatest(N-S). ‘[he oldestphaseproducedsouth-
verging folús, accompaniedby metamorphic(T — 2500 + 3500 C; P — 3kbar)
foliation; thesecondphasegeneratednorth-vergingfolds,associatedwi¡hacrenulation
cleavage;¡be ¡bird phasewas responsiblefor slightly south-vergingflexures,

sometimeswith an overturnedlimb; lastly, te N-S pl-taseproducedopen,nearly
verticalfolds.If comparedwith ductiledeformations.faulí ¡ectoniesisonlyofminor

importance.
On ¡he whole,te suddenor gradualvariations in ¡hicknessof late Variscan

formationscannotbeaccountedforby alpineorogeny,butmustdependon two sets
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(E-W and N-S) of syn-sedimentaryfaults, bordering grabenand half-graben
struc¡ures.Theexistenceof pull-apartbasinscouldnoÉ beproved.

The faulis offered an easyway to rising magmas,whicb volcanieproducts,
alternatedandmoreor less reworkedand mixed with minor detrital sediments,
aceumulatedun ¡he subsidingcontinenta]basins,transectingapoorly hilly region.
ClimateevolvedfromhumidinStephaniantimestosemi-aridduringlowerPermian
times.The closerelationshipbetween¡ectoniesandvolcanismis alsooutlined by
rejuvenationor bir¡h of new faults a¡ each of ¡be ¡bree volcanic mair phases:
Westphalian-S¡ephanian(calc-alkalinerhyolites);middle(?) Stephanian(“shosho-
nitic” andesires);earlyPermian(calc-alkalinerhyolites,dacites,K-rhyolites) . Only
the lasÉfaulting phase(latePermian),producingsuitablegradientsfor erosionand

transponof Verrucanoclastiecomponents,wasnoÉaccompaniedby vo¡canism:in
¡heLigurianAlpste late-Variscanmagmatismseemstus toendbytheendoflower

Permian.

‘[he petrochemicalcharactersof te volcanicproductsindicatetat mafieand

acidic rocks sufferedchemicalalterationmainly due¡o diageneticprocessesand
possiblyin aminorextentduringlatermetamorphism.Re formershowNaenrich-
mentandCadepletion(“spilites”), ¡helatterpresentKenrichmentandstrongNa, Ca

depletion.

In spiteof ¡heobservedaltera¡ions,¡hepetrochemicaldata(fig. 2) allow¡o define
Éwo main differentsenes:

acalc-a]kalineonerepreseníedby volcanieproductsofC, C1 Litbozonesand
Aimoni Member; dacites and rhyodacitesfrom this latter show petrographic
evidenceof crusta]contamination(resorbedquartzxenoliths,xenolithsfrom upper
andlower basement),magmaticdifferentiation(crystalaggregateswit cumulate
texture)andhighFeO~,,/MgO ratiosiii ¡he niosttnafic temis;

— asub-alkalinepotassicseriesof shoshoniticaffinity, whichthevolcaniesof
EzeFormationandD Lithozonebelongin. ‘[he andesitesof EzeFormationshow
evidenceof amphibolefractionationunderhighPH.,Oconditions,driving ¡he re-
sidualliquidstowardsalkali-rich oversaturatedcompositions.‘[he resultingtrendis
characterizedbyhighK~O, 2O3amounts,noiron enrichmentandlowFeO/MgO
ratios.

‘¡he primary high K contentsof O Lithozonerhyolites,showingabundantK-
feldsparmegacrystsand largeK-feldspar/quartzratios, are greatly increasedby
deuteresisduringlate-post-magmaticstagesunderhigh fluid activity.

‘[he aboyeoutlinedsedimentar)’,tectonicandvolcanicpicturehasaverygood
ftt in the overalípalaeogeographyof te VariscansouthernEurope,namelyof te
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Catalanian-Alpinesector,extendingfrom PyrénéestroughsouthernFrance,Cor-
so-Sardinianb]oekand‘[useany ¡o Alps.

As to petrogenetieprocess,a double sourcemay be envisaged:an anatectic
crustalmagmagayete calc-alkalinerhyolitesbo¡hof the earlierandof te main
episodes;adifferentmagma,derivingfrompartialmel¡ingof mantie(andlowerernst
2) rocks,followedby multiplefractiona¡ionsunderhighPH2Oconditions,produced
¡he sub-alkalinepotassicandesitesof the intermediateepisodeand,possibly, the
latest K-rhyolites. The rnixing of ernst mrd mantie derived melts might offer
satisfac¡oryexplanationsfor te genesisof volcanierocks(dacites-rhyodacites)of

¡hecalc-alkalinesenes.
The causesof melting andof volcaniesdistribution in time andspacecanbe

examinedin ¡helight of variousgeodynamicmodelswhichhavebeenproposed¡o
explainVailseanorogenyand late-Variscanevents.

Fig. 2—Composirionalandpetrochemicaldataof dic Vio-zeneamavolcanicrocks.
A) Qz-Ab-Or-An+l-120diagram(projectionsfrom QzandAnapexes;PI-l,O 5 kbar).Theternary
systemQz-Ab-Or-¡-H,Ofor 0.5 aud5 kbarPH O conditionsis alsodrawn.EzeForruaúonin Use
Airnoni area(so/idcircíes);«Porfiroidi delMelogno»volcanierocks:C audC, Lithozones(open
tríang/es);Aimoni Member(so/idsqaarcs);CasePollaioMember(osteris/<s);D Lithozone(so/id
diamonds)-
B) AFM diagram.Tholeiitic<’I) andcalc-a]kaline(3)trendsarefrora RINGWOOD(1974).TSeline
2 dividing thetholeiitic from tSecalc-alkalinerockseriesis alsodrawn.TSetield E showstheEze
Faz-mananandesitic,-ocksfroir tSeintermediate-innerBrianQonnaissectors.Openrirries represent
basaltsandbasalt-andesitesfrons CasottoValley.Othersymbolsasin A.
C) MgO

4’-A19; diagramfi-orn PFARCEeral. (1977)fortl¡emostpciinitivematicvolcanicrocks
olEzeFormation.FeO*representstotal ¡ronasFeO.Thegeotectonicenvironnientsare: /=continental:
2=spreadingcenrerisland; .horogenic<island¿ti-rs andcontinentalactivemargins).Thekeyfor Use
ficíd E audfor symbolsis in A andin B.
Fig. 2.—Datoscomposicionalesy petroquímicosde lasfocasvolcánicasdel áceadeViozene.
A) DiagramaQz-Ab-Or-An-¡-H,O(proyeccionesdesdelos ápicesQz y Am PH

2O= Kbar).
5ere-

presentatambiénencl siste¡nateniia¡ioQz-Ab-Or-i-H,Oencondicionesdc0,5 y 5 KbardeP1-1,0.
FormaciónEseen eláreaAimonti (círculosnegros);P rocasvolcánicas«Porfiroidi del Melogno»:
Litozona(2 y Cl (triángulos»Miembio AI¡,ioni (cuadrados);Miembro CasePollaio (asteriscos);
LitozonaD (diamantes).
BI DiagramaAFM. Tendenciastoleíticas(1) y calcoalcalinas(3) segúnRingwood(1974).La línea
2 marcala divisiónentrelasseriesdelasrocastoleiticasconrespectoalascalcoalcalinas.El campo
E muestralasrocasandesfnicasde la formaciónEzedelsectorintermedio-internobriansonés.Los
círculos yaciosrepresentanlos basaltosy las andesitasbasálticasdeCasottoValley. Los demás
símbolossonromoen A.
C) DiagramaMgOt-AI,O,segúnPearceet. al. (1977)paralasrocasvolcánicasmáf¡casmásanti-
guas de la IbnnaciónEze. FeO* representael bien-o total en forma de FeO. Las ambientes
geotectónicosson:1 = continental;2= islaencentrodeexpansión;3orogénico(arcoislayniargen
continentalactivo). El restode los símbolosestánenA y B.
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MosÉ of ¡he models,involving A- or B-subductions.seemat ftrst adequateto
justify both te chemical(calc-alkalineandpotassicsub-alkaline)compositionof
melts and te very large volumesof acidic rocks which have beenproduced.
Nevertheless,¡he modeissuggestingtat magmasgenerationfollowed teetonie-
me¡amorphiceventsappear¡o matchchronologicaianddynamicconstraintsbetter
¡hanothersconsideringmel¡ing¡o preceedtectogenesis.In anycase,even¡hefirst

onecannotsolve¡heproblemof ¡helongtimespanseparatingmelÉ generationfrom
¡he beginningof volcanieactivity.

‘[hus, thequestionarisesif meltingcouldnoÉhavebeenenhanced,longaf¡erthe
main tec¡onicphaseshadcometoanend,possiblyby mantlediapirism,genetically
linked to, or indipendentof, orogeneticevents.
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