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ABSTRACT

Titepost-Ilercyniancontinentalsuccessionin Nurra,northwesternSardi-
nia, displaysawide rangeof siliciclastiesedimenté,over 250 m tbick, inter-
calatedwith volcaniclastieproducts.Titesuccessioncanbesubdividedinto at
leasttwo tectonosedimentarycycles. Titeoldestcycle,witich is developedfor
a maximumof 15 m only, is tite Lu CaparoniFm., rich in tite lower part of
Autunian planté. Titis Unit beginswith alluvial and lacustrinesedimenté,
aboyewhichwefind someexplosiveproducts,whichhavebeeninterpretedas
kaolinized cinerites. Subsequently,titis volcano-tectunieactivity generated
coarser-grainedfluvio-deltaic deposits.l-Iowever, titin clastie intercalations
persistedwititin titese massivedeposité,againin tite presenceof tuffaceous
material.

Tite uppercycle is madeup of siliciclastiesedimenté,showingfrequentfa-
cial ¿mdgeometricalchangos.It hasbeensuhdividedffltú four Units, of witich
tite total titicknessrangosup to about250 m. Coevalvolcanismis documented
by a few scatteredproductsextendingintú tite two lower Units, ¿mdperitaps
into tite tite basalpartof Unil 3. Titeseproductsarerepresentedby acidicvol-
caniclastiedeposité,wherea possiblealkaline-potassicaffinity (¿ilreadyadvari-
ced by previousauthors)is partly obseuredby pervasivesecondarymobiiza-
tion. In particular,tite gray-greenisitandreddishsuccessionof Units 3 ¿md4
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recalístite typical Bimts¿mdsteinof Europe.On tite basisof pastmicrofloristie
research,tbisBuntsandsteinpersistedupfo titeearlyMiddle Triassictimes.Lit-
itologieandsedimentologieaspects,tugetiterwitit thieknesschangos,leadusfo
interpretthis uppercycle as duetu alluvial enviroimlenté,witicit actedwitliin
extensionalswell andbasinstructuros.During Buntsandsteindevelopment,tite
depositéwere formedin acoastalplainenvironment¿md,in proxintty witit the
marineMusclielk.atktransgression,¿Usoin alittoral environment.

Key words: Permian-Triassic,continentaldeposits,stratigrapity,sand-
stonepetrography,volcanies,Nurra, Sardinia.

RESUMEN

La sucesióncontinentalpost-hercínicade Nurra, en el oestede Cerdeña,
estácompuestaporunos250 m de sedimentossiliciclásticosconintercalacio-
nesde productosvolcanoclásticos.Estasucesiónpuedesubdividirseen, al
menos,dos ciclos teetono-sedimentarios.El ciclo masantiguo,es la llamada
Fm. Lu Caparoni.Tieneun espesormáximode solo 15 m yensuparteinfe-
flor, existen abundantesplantas autunienses.Esta Unidad comienzacon
sedimentosaluvialesy lacustres,por encimade los cualesse encuentranal-
gunosproductosexplosivosqueitan sido interpretadoscomocineritascaoli-
nizadas.Posteriormente,estaactividadvolcano-tectónicadio lugaralasedi-
mentaciónde seriesfluvio-deltaicasde granogrueso.No obstante,dentrode
estosdepósitosmasivos,persistendelgadosnivelesdesedimentoselásticosfi-
nos asociadosconmaterialtobaceo.

El ciclo superiorestacompuestopor sedimentússiliciclásticoscon fre-
cuentescambiosdefaciesy de geometría.Puedesubdividirseen cuatroUni-
dades,con un espesortotal cercanoalos 250 m. El volcanismocoetáneovie-
nc determinadoporlapresenciade unospocosproductosdispersosdentrode
las dosunidadesinferioresy quizáen la partebasalde laterceraunidad.Es-
tos productosestán representadospor depósitusvolcanoclásticosácidos,en
los queunaposibleafinidad alcalino-potásica(ya mencionadapor autores
previos)estáenmascaradaparcialmentepor unamovilizaciónpenetrantese-
cundaria.La sucesióndelas unidades3 y 4 de coloresgrises,verdesy rojos,
recuerdaal Buntsandsteintípico de Europa.Teniendoen cuentainvestiga-
cionesmicroflorísticasanteriores,este]3untsandsteinllega itastala partein-
ferior del Triásico medio. Lascaracterísticaslitológicasy sedimentológicas,
junto conlos cambiosde espesor,permiteninterpretareste ciclo superior
comoformadoen ambientesaluviales,dentrode unacuencadefondoexten-
sional. En suevoluciónvertical,el Buntsandstein,pasaa depósitosde ll¿mu-
ra costera.Tambiéncorrespondena un ambientelitoral los sedimentosin-
mediatamenteanterioresa la transgresiónmarinadel Muscitelkalk.
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Palabrasclave: Pérmico-Triásico,depósitoscontinentales,estratigrafía,
petrografíade areniscas,volcanismo,Nurra, Cerdeña.

INTRODUCTION

As is lmown, pahacomagnetie,stratigrapltcandstructuralresearchshows
1 Jercynianand post-1lercynianSardinaashavingbeenlinked to stableEu-
rope.On thebasisof tite presentgeograpiticalseenario,Sardiniapresumably
occupiedan areabetweenProvenceandtite northeasternsectorof Spain.Tite
formerblock only spreadtowardstite Tyrrheneduring suibsequentgeologi-
cal events,andassumedité presentpositiontbrougha counterclockwiserota-
tion that mosfly took part in Miocenetimes (Westpital, Orsini & Vellutini,
1976,aná others).

As a consequence,up to tite Middle Triassic marine transgression,tite
post-IIercynian successionis reprosentedin tite isle, as in tite above-men-
tioned contiguousregions,by continentalsedimentnry¿mdigneous,intrusive
¿mdextrusivedeposité.Substantialresearcititas beendedicatedto titesede-
posité, witich haveoften revealedsignificantdata. I-Iowever, manyproblems
remain unsolved,so titat generalreconstructionsand interregionalcorrela-
tions arevery elusive.

Titis paper,which dealswith astratigrapbicandpetrograpitieexamina-
tion carriedout by tite authorson somePermianandTriassicsequencesin
tite Nurra area,is afirst steptowardssucit reconstructionsandcorrelations.

STRATIGRAPHICRECORD

Tite depositéinvestigatedcrop out in a traditional areato tite north of
Algitero, betweenCalaViola, Lake l3aratz¿mdPuntaLu Caparoni(Fig. 1).
Tite depositéarewide-spread¿md,atthicknessesof up 250-300m, well devel-
oped.

About 15 I(ni to tite north of titis area,tite smafl post-Hercynianredbeds
of Mount SantaGiustaalso attractedour attentionfor titeir distinct petro-
grapitiecharacteristics.

Lower Permiandeposits.—Thebasalpart of the Permian-Triassicconti-
nentálsuccessionof Nurra is clearly exposedalong tite westernside,a little
be]ow tite peak,of tite aforementionedPuntaLu Caparoni(Fig.1). Tite pe-
culiar lithology of Uds lower sectiongenerallyled previousauthorstu recog-
nize a new UniX. GasperiandGelmini (1980>suggestedthatit sitouldbe de-
finedas«Formazionedi PuntaLu Caparoni»,andtiteUnit iscurrentlyknown
as suchin tite literature.
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Fig. 1 —Sehematiechauof thePerntanand Triassiccontinentalsuccessionin the Mirra area
(afterMoretti, 1959, modified). Stratigraphiccolumus <scale 1:200), drawn np l~ A.Ronchi.
only showsomerepresentativedetritiesequencesof sií~gle de.tritic tJnits.
Fig. 1—Esquemade situación dela sucesióncontinentaldelPérmicoy Triásicoenel áreade
Nurra <modificado de Moretti, 1959>. Las columnasestratigráficas(escala 1:200), levantadas
por A. Ronchi, muestran solo algunassecuenciasdetríticasrepresentativasdeUnidadesdetríti-
(85 simples.
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Tite Lu CaparoniFm. beginswith aconglomeratieunit, about 1m titick,
thatbearsrock fragmentéderivedfrom tite metaimorpltcHercyniansubstra-
te. Tite boundarywith this complexis markedby apronouncedunconfor-
mity, and by tite presenceof a palaeosol.Upwardsof titose basalconglome-
rates, titere are 4-Sm of grey-dark, laminated,sandstunes,siltstonesand
sitalos,aB ricit in plant fossils.Titesedepositéareintercalatedwitit a conglo-
meratiebank,wbicit containsquartz- metainorphiclitities. Somesmall ocit-
reous,verythin bedsof still uncertainnature(tuffaceousproduds?)occurlo-
cally.

Tite vegetal remainsindicatean Autunianassemblage(Pecorini, 1962;
Gasperi& Gelmini, 1980). Recently,this attributionitas alsobeenadmitted
by Broutin (pers.comm.), wito determineda lot of specimenscollectedby
Ronchiattlíe samelevels.

A unit of 3-4mof ligitt weatiteredmassivestratacropsout aboye.Minute
inspectionby CortesognoandGaggeroledto tite interpretationof theserocks
as kaolinizedcinerites.Titeir scatteredochreouscrusta,whicit sitow volcanic
quartzand rare metamorpitiefragmenté,could havebeenformedin apedo-
genetieenvironment.ln tite past, titesevolcaniclastiesedimentéwere gener-
ally definedascalcareousdeposité,¿mdin particularby Gasperi¿md Geimini
(1980) as silicified carbonates.However, becausetitesebedshavealsobeen
signalledin otherclosesectionsof tite investigatedarea,preliminary exclu-
sion of suchan origin is not possible.Silicified limestonesinsidesomepost-
Hercyniansequencesof Sardiniaareindeedwell known, cg. in tite Perdas-
defogubasinof Ogliastra.

Upwards of titese volcaniclastieproducts,tite Lu Caparonisectiondis-
playsabundantcoarser-grained,detrital sedimentétitat arericit in polygenic
lititoclasté. However,small sandstoneand.siltstonesiliciclastie lenticularbo-
diesareagainintercalated.Tite lúghestof titese depositéalsoyields sligittly
reworkedandtitin-beddedtuffaeeousmaterial,witieit wassubjectedto kaoli-
nisationand illitisation phenomena.Tite red-brownisit crustsare probably
linked to tite presenceof palaeosols.Contactbetweentite ábove-mentioned
conglomeratiebodiesand titesefine-grainedintercalationsis generallymar-
kedby synsedimentaryerosionsurfaces.

Througitoutthe seetionexamined,tite Lu CaparoniFm. is overlain by
Iight-colouredmassiveconglomeratesandsanástones.A sligbt unconformity
markstite boundary.

? Upper Permian-Anisian? deposits.—Titerelatedclastie sedimentéhe
betweentite Lu CaparoniFm. andtite GermanieMuscitelkálkfacies. Thus,
titeir citronostratigraphicpositionextendsfrom tite Autunianof tite firstUnit
up to tite marinedepositéof tite secondone,of whichtite beginningwas ten-
tatively assignedto Anisian on tite basisof microfloristiedata (PittauDeme-
ha & Flavianí, 1982). J-Jowever,tite possibility of a itiatus at tite boundary
witit tite underlyingformation,alongwitit tite conspicuoushititologie ¿mdge-
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ometriechangesin titeseyoungerdeposits,impedea detailedunderstanding
of theiir citronostratigrapitieevolution. Furtiter impedimentderivesfrom tite
paucity of existing palaeontologicahdata, and from tite doubtsattachedto
titeir interpretation.

GasperiandGelmii (1980) subdividedtitis successioninto four Units
(Fig. 1), witicit are citaracterizedby (from bottomto tup>: 1> quarLzwititisit
massiveconglomerates,xvitit variableamountsof sandymatrix, and witite
sandstones,with horizontalbedding¿mdbioturbation. Titis Unit essentially
consistsof metamorphicand volcanie quartz;tite latter is connectedxvitit a
moreor lesscoeval volcanieactivity, ¿mdis mixedwitit kaolinizedproduets
(30-4Cmthick); 2) altemationof reddislí conglomeratesandsandstones,botit
citaracterizedby tabularandtrougit cross-stratification,ehannelfilís, ¿mdin-
tercailatedwitit vivid red siltstonelenses.Tite conglomeratosrarigeiii thickness
from 2 to 15 m, ¿mdarecomposedof quartz, red volcanic ¿mdbasementfrag-
menté(e. 150 m titick>; 3> gray-greenisitsandstones,from centimetricalto me-
bical in tliickness,alternatedwith intensered siltstunes.Titesandstonesshow
tabular¿mdtroughcross-stratification,mudcracks,aswell asripple martes(e.
5Cm tbick); 4) reddishfine andmedium-grakedsandstones,in decimetrical
beds,with tabular¿mdtroughcross-stratification¿md,attite top,ripple marks
arid bioturbation.A very coarsewhite quartzconglomerate,3-6m thick, with
red matrix, cropsout attite lowermostpartof tite Unit (50-6Cmthick).

On tite basisof titeir generalproperties(colour, structuresetc.), only
Unita 3 and4 arecorrelatablewitit typical l3untsandstein;tite cliaracteristies
of Uííit 1 tendstronglyto precludecorrelation.Accordingly, thedenomina-
Ponof alí thesedepositéas «VerrucanoSardo»seemsinappropriatc,notleast
becausetheisle did not takepart in tite Permo-Triassichistory of tite Alpine
andApenninedomain,wheretite Verrucanooriginated.

Titeabove-mentionedstratigraphicUnits (1 ¿md2, andperitapstite basal
part of 3) are mixed or intercalatedwith igneous,extrusiveproducta.These
cropout in reducedandscatteredbodies,¿mdgenerallyexhibit a clastiena-
ture whicit lcd someauthors(Lombardi,Cozzupoli& Nicoletti, 1974)to tite
interpretationof titeserocksasrityolitic tuffs andignimbrites.In this paper,
CortesognoandGaggero,itowever, preferto usetite term «weldedtuffs» in
placeof «ignimbrites»as a resultof titeir unclearevidenceon the fleid.

SANIDSTONEPETROGRAPHY

The sandstonesof tite Permian-Triassicsuccessionof Nurrawereanaly-
sedin orderto investigatetiteir compositionandprovenance.

Tite samplingwas conductedboth within the PuntaLu Caparoiil Fm.
(FLC) andin tite overlying succession,divided inte four Units, in accordance
witit lititologie, sedimentologie¿md textural citaracteristiesby Gasperi¿md



Stratigraphicami Petrographicinvestigations... 155

Gelniini <1980).Thestudyalsoexaminedthe clastiered faciesunderlyingtite
M. SantaGiustaMiddle-Triassiecarbonatesuecession(Fig. 1>.

TiteNurrasandstunesareclassifiedas metaimorphiclitharenites,volcanie
litharenites,sublititarenites¿mdsubarkose(Folk, 1974), following thedetal-
led petrographiealanalysis.This definessevendiifferent petrofacies(Fig.2>.
Mineralogicalmaturity andtexturaltrendsrecordthe evolutionfrom lacias-
trine-aluvialto transitional-marineenvironment,from bottumfo top, as con-
firmed by field evidence.

Detritnl modesreflect compositesourceareasrepresentedby low-gmde
metamorpities(1 Iercynianbasement)¿mdby alargeainountof acidievolca-
nites. The M. SantaGiusta sandstoneshave beenfed by different sourees
(mostlyvolcanieunits).

METHOI)S OF STUDY

Fifty-eight unalteredsamples(43 from measuredsections¿md 15 from
sparseoutcrops),from Finefo VeryCoarsegrainsizewerestudiedmicroscop-
ically. Threehundredpointéwere countedon eachtitin section.Datarecal-
culation(Tab.1) wasconductedaccordingfo the Gazzi-DickinsonQFLmedí-
od (Zuffa, 1985) andQFR (Folk, 1974>. In tite first methodtheL parametcr
conventionallyrepresentéon]y tibeafanitielitities in order tu limit tite depen-
danceof tite detrital modefrom grain size (Dickinson, 1970).

The widespreadpresenceof pseudomatrix(Dickinson, 1970>, derived
from tite alterationof volcanie grainsand of kaolinite (derived by feldspar
andglassalteration),countedin separatecategories,led tu substimedtite iR-
hie and feldspaticdetrital fraction bothin FLC ¿mdin Units 1 and2.

STRATIGRAPHICDISTRIBUTION OF PETROFACIES

The modal analysis indicates tite existenceof 7 different petrofacies
(Fig.2).

PUNTA Lu CWAIkoNI FORMATION (FLC)

Althougit moderate« 1 Sm) in thickr¡oss,titeFLC showstwo differentpe-
trofacies:PlLC (Q21 FC L79> ¿mdP2LC (Q58 FO L42).

Pl LC is madeup of poorly-sortedlitharenites,domffiatedby metamor-
phic litities, wltcit citaracterisetite lowermostdetritie beds.This petrofacies
itas a bigh quartzpercentage,mostlyof thepolycrystallinetype(C/Q >0,84),
andwidespreadlow gradephilladic fragmenté;Udsindicates erosionof the
underlyingHereynianbasement.
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Smnple IJnIts Petrof Q -. F

PuntaLu-Caparoni

L C/Q

VLC0 FLC PHiS
LC1 FLC PlLC
LC2 FLC P1LC
LC3 FLC P2LC
LC4 FLC P2LC
VLCl Ul PUl
VLC2 Ul PUl
VLC3 Ul PUI
VLC4 111 PUl

29.4
13.7
20.3
57.4
59.0
67.3
502
54.3
61.5

0
0
0
0
0.8
0
0.3
0
0

70&>
86.2
79.6
42.5
40.1
32.6
47.8
45.2
37.5

089
0.91
C.84
0.3
0/24
0.34
0.4
C.48
0.45

0

0

0

0

0

0

0.5

—

—

0.20
040
0.35
0.90
0.81
0.98
0.94
0.91
0.91

PortoFerro

PFl tJ2 PU2
PF2 U2 PU2
PF3 U2 PU2
PFS 112 PU2
PFO 112 PU2
PF7 112 PU2
PF8 U2 PU2

59.7
61.0
59.3
61.3
64.6
48.8
55.6

1
1
1.9
0.5
0
1.4
0

40.2
38.9
38.7
38.1
353
49.7
37.5

0.65
0.62
0.77
0.68
0.68
0.64
0.72

0

0

0

0

0

0.5

—

0.86
0.85
0.89
0.83
0.81
0.92
0.89

Torredel Porticciolo

TP4 U3 PU3
PS 113 PU3
P4 113 PUS
PS 113 PUS
P2 US PU3
TP3 US PU3
Pl U3 PU3
TP2 US PU3
TP1 US PUS
TPO 114 P114
3CM 113 PUS

58.5
67.7
54.6
71.6
56.0
71.4
55.8
58.3
80.1
95
452

3.0
4.3
4.6
6.1
2.6
8.4
0.9
6.4
3.4
0.9
6.4

38.3
27.8
40.6
22.2
41.2
201
43.1
35.2
16.4
3.9

47.8

06
0.7
0.53
0.66
0.8
0.64
0.51
0.76
0.63
0.58
0.31

—

—

—

—

—

—

—

—

—

—

0.86
065
0.79
0.82
0.98
0.88
0.88
0.89
0.71
0.62
1.00

CalaViola

CVO 114 P114
CVl 114 P114
CV2 114 PU4
CV3 114 PU4
CV4 114 PU4
CVS 114 PU4

84.0
76.6
77.4
88.0
88.0
892

0.4
LO
0
0.4
0
2.1

15.5
22.3
22.5
11.5
11.9
8.6

0.62
0.39
0.47
0.56
GAl
0.63

—

—

—

—

—

—

0.91
0.93
0.97
0.96
1.00
0.84
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Saniple Units Petrof. Q E’ L C/Q P/E’ V/L

CalaViola

CV6
CV7
CV8
CV9
CVlO
CVl1

114
114
114
114
114
114

P114
PLI4
P114
P114
PU4
P114

7&4
85.1
88.2
87.5
75.1
85.7

2.1
5.7
6.7
5.0
4.2
2.5

21.3
9.1
4.9
7.5

20.6
1.6

0.37
0.42
0.25
0.22
0.24
0.24

0

0

0.4

—

0.25

—

0.79
0.68
0fl3
0.83
0.96
0.88

M. SantaGiusta

SG1
502
5G3
504

SOS
505
SOS
SOS

PSGS
PSGS
PSGS
PSGS

79.4
66.4
72.7
84.1

18.4
22.7
25.5
14.2

2.1 0.11 0.38
10.7 0.2 0.1
1.7 0.6 0.66
1.6 0.41 0.11

0.04
0.58
0.06
0.16

TaLle 1 .—Point countingdatafor 58 sandstonesainplesof tIre Permian-Triassiccontinental
successionin tIre Nurraarea.Units: PuntaLu CaparoniFm. <FLC>; Unit 1 (Ul>; Unit 2 <U2);
Unit 3 <123>; Unit 4 (114>; SantaGiustasandstones<SOS).Petrofacies:P1LC (petrofacies1-Lu
Caparoni);P2LC (petrofacies2-Lu Caparoni>;PUI (petrofaciesUnit 1); PU2 (petrofaciesUnit
2>; PU3 (petrofaciesljnit 3>; PU4 (petrofaciesUnit 4). Q o> quarta;E’ = feldspar;L = aphanitic
little fragment;C/Q = polycrystalline/totalquartzratio; P/E’ = plagioclase/totalfeldsparratio;
V/L o> volcanicfragments/totallittics rabo.
Tabla l.—flatosdelcontajedepuntosen 58 muestrasdeareniscas,de la sucesióncontinentaldel
Pérmico-Triásicoenel áreadeNurra. Unidades:Fm. PuntaLu Caparoni<FLC); Unidad 1 (Ul);
Unidad 2 (U2>; Unidad 3 (U3>, Unidad 4 <124); Areniscasde SantaGiusta<SOS). Petrofacies:
PILC (petrofacies1-Li Caparoni>;P2LC <petrofacies2-Lu Caparoni);PUl (petrofaciesUnidad
1); PU2 (petrofaciesUnidad2); P113(peti-ofaciesUnidad3); PU4 (petrofaciesUnidad4). Q = cuar-
~.0; E’ o> feldespato;L = fragmentoslíticos afaníticos;C/Q = relaciónpolicristalinos/cuarzototal;
PR = relaciónplagiocí-asas/feldespatototal; V/L = relaciónfragmentosvolalnicos/lfticostotales.

P2LCconsistsof lititarenites,dominatedby voleanielithies, which char-
acterisethe mediumandupperclastieparisof the Lu CaparoniFm. Thispe-
trofaciessuggestétitat tite inputof volcaniegrainshasbecamedominant.Fe-
trograpiticalchangosaregradualwititin P1LC, but abruptpassingfrom Pl
to P2. Titis is sitown by a dramatieincreaseof both tite monocrystafline
quartzgrains(often embayed)andtite volcaniefragmentpercentages.

PERMIÁn-TmAsslcSLTCCES5ION

Tite petrofaciesof UnU 1 (PUl) showsaQ59Fi L40 compositionand
can be distinguishedfrom the underlyingP2LC by its different C/Q ratio
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PETROFACIES

PILC = Petrolacies 1 - Lun Caparoni

P2Lc ce Petrofacica 2 - Lu Caparoní

PU Petrofadea Unja 1

PU2 ce Petrofacies Unil 2

PU3 = Petrofacisa un~ 3

PU4 o Fetrofacies unu 4

Fag 2 —Coenposstoonaltennrydiagramof theNurra Permiau-Triassicsandstoues.Qt = totuJ
quartz;E’ = feldspars;L o> aphaniticlithic fraginents.Thesevenpetrofaciesare indicatedby poly-
gous: individual polygonsshowunestandarddeviationon both sidesof themeanvalueof cadi
parameter.In petrofaciesP2LC, PUI aud PU2,bola feldspathic(E’) andlitile <L> percentages
areunderstimatedbecauseof tbeir abundantcoutentof secondarymatrix (pseudosnatrix)aud
replacivekaolinite.
Fig. 2—Diagramatel-nariocomposicionaldelasareniscaspermo-triásicasdeNurra.Qt cuar-
zo total; F o> feldespatos;L = fragmentoslíticos afaníticos.Ls sietepetrofaciese.stánindicadas
porpoh’gonos: los polígonosindividualesmuestranunadesviaciónes-laudaraambosladosdel
valor mediodecadapanimetro.En laspetrofaciesP2LC, FUI y P142,los porcentajesdefeldes-
patos<F) y líticos (U>, estánsubestimadosa causade su abundantecontenidoen matrizsecun-
daria(pseudnrnatríz)y caulinfla deremplazanúento.

(between0,34e0,5) audV/L ratio (>0,9). Sortingis moderate-poor.Quartz
fragmentsareof two types; titose polycrystallineare well rounded,whereas
titosevolcariic are more prevalent,frequentlyembayedandare angularin
sliape.

Tite petrofaciesof Unit 2 (PU2) itas Q59Fí 1140grain proportions.See-
ondaryparameterssitow an mercaseof polycrystalline quartz (C/Q > 0,6)
andadecreaseof volcanies(VIL < ~ Sandstonesortingis poor.Tite liUde
fragmenté,aswell astite autitigeniecarbonates(averaging6-8%of total rock)
andthe Fe opaquesarecommonlyalteredandtite rock itself exitibité ared-
dish colour.

‘SOS Pe,rofaciesSansaojuaea
asan dnonen

t

P2LC

Ful

25

PU2

25 50 25



Stratigraphicami Petrographicinvestigations... 159

TiteoverlyingUnits 1 and2 sitowdetrital modessimilar to tite P2PCand
indicateamixed crystallineandvoleanicsoureearea.In titesepetrofaciesthe
volcaniefragmentsareusuallyvitrie andporphyric, butsometimostitey show
ignimbrite-like flow textures;kaolinite«booklet»crystalsof secondaryorigin
are pervasivelydeveloped.Tite presenceof opaques(iron ¿mdtitanium ox-
ides) is widespread.

Unit 3 is citaracterisedby lititarenitesand sublititarenitesmoderately-
poor to moderately-wellsorted.Thepetrofaciesof Unit 3 (PU3) exhibitsan
averagemodeQ64 F4 L32. Thesesandstunesdifier markedlyfrom tite pre-
viousonesin their highercompositionalmaturity, witit an increasein quartz
content, frequently witit autitigenie overgrowths,associatedwitit aparallel
decreaseof tite litliic constituents(averageVIL ratio = 0,82). Polycrystalline
quair-tz prevailson monocrystallinequartz.Titealkalinefeldspars,sometirnes
perthiticandalwayskaolinized,reacit titeir relativemaximum.

Tite high quartzpercentage¿mdtite abundaneeof heavyminerais (zircon,
tourmalffie, rutile ¿mdtitanite) as well as white nuca,suggesta moreselective
environment(littoral). Autitigeniecailcitic, dolomitie¿mdferroanpateitycarbo-
natesarewidespread;in somesamplestheyrepresentonetliird of tite rock.

UnU 4 is madeup of orthoquarzites,moderatelyto well sortedandtite-
reforerepresentéadistinctpetrofacies(PU4). Tite detrital modeis Q83 F3
L 14; quartzfragmentéalwaysshowlargesyntaxialovergrowths(averaging
20% of total rock) andC/Q ratio deercasesfrom 0,6at the section’sbaseto
0,2at Rs top.

Primaryporosityhasalsobeenreducedby authigeniccarbonatesenucle-
ating initially from tite fine matrix andalsoreplacingtite frameworkgrains
with a patchy appearance.A similar textural featureis found in baritie ce-
mentpresentlocally.

Rock fragmentéareverypoorlyrepresented;amongtitem, titosevolcanie,
sometimeskaolinized,prevail. Enricitmentéof heavyminerals(zircon,tour-
maline,titanite andrutile) oftenconcentratedin laminaeareprescnt,as well
as hematitieand titaniferousopaques.Complex diagenetierecrystallization
occursexpeciallyin interstitial ferruginousandcarbonatiematrix.

At the very baseof titis Unit, in associationwith quartzconglomerates,
sandstonesshowavery low percentageof botit feldspar¿mdauthigeniccar-
bonate.

TiteM. SantaGiustasandstones(SGS> aremoderately-poorsorted,with
an arkose-subarkosecompositionQ76 F20 L4. They representa markedly
differentpetrofacies(PSGS),showinghighpercentageof quartzaudfeldspar
(raremicrocline xvith cross-hatchedtwinning andfrequentorthoclase-sanidi-
newith Carísbadtwinning), togetiterwith searcerockfragmenté.Monocrys-
talline qíartzgenerallyprevajisovertite polycrystallinetype; titeir roundness
vanesfrom tIre well rouridedto theangularclass.Tite authigenicpervasive
calcite (averaging20%), of lateorigin, replacesahí mineral pitases.
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Per>no-Triassicsuccession

1. Podru Siligu (LC2-2>: neartite boundarybetweenthe Lu CaparoniFin. and
theoverlying unit 1.

2. CasaSatta (ARCS 18-19-20-21-22>: betweenunits 1 ami 2.
Ma. Torre Bianca (LO 2-17): lithoclast from a channelledmassiveconglomeratic

body,alongtite beach.
Mb. Lagodi Baratz(LO 2-12>: lititoclastfrom uuit 2, at tite sideof lake.
Sc. Torre Negra <ARTN/1>: lititoclast from unit 2, to tite north of tije tower.
4. Ponte Crabolu (PC 14): tuffaceousrocksfroin tite lower pa¡-tof unit 3, attite

sideof th.e road. (ASter Gasperi6, Celmini, 1980).

AL SantaGiusta

ña. Mancineddu<ARSO 23-24>: below tite red sandstones,which underlietite
Middie-TriassicMuschelkalk.

ñb. PozzoSanA‘icola (ARSO 26): belowtite red sandstones,whicit underliefíe
Middle-TriassicMuschelkalk.

Table 2.—Locationami indicative st-atigraplicpostor, of tite volcamclastcrock SainplCs
aoalysed(seoE’ig.l>.
Tabla 2.—Loca]izacióny posiciónestratigráficadelas muestrasderocasvolcanoclásticasana-
liradas.<ver Hg. 1).

Evenit titesesandstunesseemto passgraduallytotite overlying Muscitel-
kahk carbonates,tlíey do not showsimilaritieswitit titosepresentin tite U~)-

permostpart (PU4)of tite clastiesoutiternsequence.

VOLCANIC ACTTVITY

PETROGRAPIUC FEPaTUI{ES

Tite Permian-Triassicvolcanismin Nurra is sitown by pyroclasticdep-
osíté,or by reworkedpyroc]asticproducts(Fig. 1 ¿mdTab. 2). Somewide-
spreadpetrograpbicfeaturesarecommonto aH volcanitesand suggcstapos-
siile commonorigin: pitenoclastsare representedby corrodedquartz,sani-
dine andbiotite; zircon andapatiteare aceessorypitases;Fe-Ti oxides are
common,at leastin part replacingbiotite. Fragnientsof weldcdhyaloclastic
tepitraandpumicesarefrequent.Cavitiesandbubblesarefrequentlyfilled by
quartz,aud/orcalcedony,sometimeswith zeolites-

In tite predominantweldedtuff from 1W Santa Ciusta , brokencrystals
andstreakedglasshe in a matrixof bubblefragmentéaffectedby planar1am-
matiotí (Figs. 3 ¿md4).
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Fig. 3.—K-feldspars,quartz,biotitephenoclastsandpumiceousfragmentsin eutaxitixvitroclas-
tic matrix. Polarizedlight, seale:photolenght4.5 mm.
E’ig. 3.—E’eldespatopotÁsico, cuarzo,fenocristalesdebiotita y fragmentosdepumitaenunama-
tú vitrocl¿istica entaxítica.Luz poiaflzada.escaJa longitud de la fotografia 4,5mm.

Tite mesostasisis extensivelyreplacedby kaolinite, illite ¿mdFe-itydrox-
ides.Porosityis filled by aggregatesof radiatingkaolinite, calcedony,fibrous
zeolitesandmicrocrystallineto granoblastiequartz.K-feldsparis generally
preserved,witereasbiotite is in part affectedby dehydrationprocessesduring
magmaupriseor alteredto secondaryphyl]osiicates(celadonite,kaoliúte,
illite) andopaqueoxides.K-feldspar andbiotite are largely preserved,and
secondaryalterationis moderate.

At (1. Sattatuffs witit faB deposittexturesaredominant,whereaswclded
tuffs aresubordinate.Somepyroclastitescontainclastéof quartzmicascitists
derived from tite metamorpltebasement;angularfragmentéoccur locaily
with coarse-grainedmosalecalcite andFe-itydroxidepigmentation.Biotite is
generallyalteredto secondarypityllosiicates(witite mica andillite), whereas
K-feldsparis largely replacedby kaolinite. Tite matrix mostlycontainsbro-
kenbubbIesreplacedby aggregatesof predominantmicrocrystallinequartz,
xvith kaolinite,calcedonyandFe-hydroxides.
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Fig. 4.— l3roken bubblestexturein co,npletelydevitrified matriz; K-feldsparandpartially de-
hydíatedbiotite phenoc]asts.Polarizedlight, scaJe:plioto length 1.5 mm.
Fig. 4—Texturade burbujasrotasen unamatrizcompletamentedesvitrificada;feldespatopo-
tásicoy fenocristalesdebiotita parcialmentedeshidratados.

At (2. PedruSili~ ¿mdatPonteCrabolu,volcanitesarewell sortedtuffi-
tic sandstones,includingclastéof volcaniequartz,fragmentéof vitrie volcani-
clastitesandbasementlititoclastsin varying amounts.

Volcanielititoclasté in conglomeratesfrom Torre Negra, Torre Bianca
andLakeBaratzcontain: 1) Weldedtuffs witit pitenoclastéof quartz,biotite
(alteredto secondaryphyllosilicates),¿md K-feldspar (pervasively kaolini-
zed);vitrie componentéare¿dteredto quartz,cálcedony,Fe-hydroxideaggre-
gates.Kaolinite, hite, celadoniteandbarite are widespread.Radiatingto
splíerulitic aggregatesof K-feldspar,albite, quartz,caleedonywitit itydroxide
pigmentationaretIre resultof devitrification; for increasingitydrothermalal-
terationtbeyareassociatedor replacedby kaolinite, illite, celadonite,chlori-
te. 2) Falí out tuffs witit quartz,K-feldsparandbiotite pitcnoclasts.Titevitrie
lithoclasts¿mdtite vitroclasticmatrix are alteredto kaolinitc and microc.rys-
talline quartz.
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ANALYrícAL TECHNIQUES

Whole rock majorandtraceelementabundancesin tite Nurravolcanites
(Tab.3) weredeterminedby XRF teehniquesusingaPhilips PW 1480 XR
spectrometerattite Dipartimentudi Seienzedella Terra, Universitii di Geno-
va. Intensities were examinedaccording to Franzini, Leoni ¿md Saitta’s
(1975),anóLeoni andSaitta’s(1975)methods.Losson ignition (L.O.I.) was
determinedby tite gravimetriemethod.

PETROCHEMIcALE’EATURES

Wholerockanalyseswerecarriedout on 12 samplesof Permian-Triassic
volcanitesfrom Nurra. In Tait.3 selectedrepresentativecompositionsare re-
poded.

In CasaSattavolcanites¿mdin titevolcanieclastsof LakeBaratzandTor-
re Bianca,tite high SiO2 contenté(nptu 77 wt%), andapparentalkalisdeple-
tion area consequenceof silicification andkaolinization.Tite low Al O and
TiO0 anditigit Fe2O~ contentéarein aceordancewitit tite pervasiv¿sihiieifi-
cati¿nandimpregnationby Fe-oxides(Fig. 5).

Ontite classificativeTotal Alkalis-Silica diagram(Cox,Beil & Pankitnrst,
1979,not reported)M. SantaGiustavolcanitesarein accordancewitit data
in Lombardiel al. (1974), andfalí within tite alkali-rityolite field neartite su-
balkaline-alkalineboundary;on tite witole, tite result is apotassicaffinity.
Partof traceelementéare only affectedto aminarextentby secondarymo-
biizations.Chlorite ¿mdkaolinite in tite matrix (PonteCrabolu) andtheoc-
currenceof clastsof tite metamorpitiebasement(C. PedruSiligu) aceountfor
tite scatteredcitemicaldataof tuffites.

I-Iowever, PonteCraboluvolcanitessitowanomahousitigIr Cr, Ni, NIr, Rb,
Sc,Y ¿mdZr, ¿mdareprobablyaconsequenceof sornedegreeof sedimentary
reworking.Conversely,tite silicified clastsfrom Torre Biancasitowhigh Ba,
Sr andY (F¡g.6>.

tu spiteof titepervasivesecondarymobihzationsevidencedby petrography
andcitemistry,tite alkalineaffinity of tite Nurravolcanites(alreadyhypotitesi-
zed by Lombardi et al., 1974) is confirmedby tite normalizedl{ock/MORB
spiderdiagrams(Pearce,1983; Eig. 7). Qn tite otiterhaud,CasaSattavolcaní-
tesareremarkablefor acalcalkaline-typepattern;tluús canbe eititerprimaryor
inducedby importmtsecnndarydepletionof mobile elementé.

CONCLUDING14EMARKS

Tite Permian-Triassiccontinentalsuccessionof tite Nurraarea,nearAl-
gitero, consistsof anumberof stratigrapiticUnits, witieh canbe subdivided
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into al leasttwo tectonosedimentarycycles.Tite lower cycle (1) is represen-
ted by tite alluvial-lacustrinedepositéof Lu CaparoniFm., rieh in Autunian
planté.Thesedeposité,witosetiticknessdoesnot exceed15 m, restunconfor-
mably upon Ihe Hercyniancrystallinebasement.Jzlowever,somesedimenté,
whicit in tite pasíhavebeeninterpretedas silicified limestones,along with
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somesandstonesareevidenceof coevalvolcanisin.Tbis igneous,extrusiveac-
tivity startedwitit tite enñssionof cinerites.

Tite uppercycle (2> is madenp of adetritic successionwliicit, at tliick-
nessesof 250-300m. is decidedlymoredevelopedtitantite lower cycle. Tite
successionis characterizedby continuous alternation of conglomerates,
sandstonesandsiltstonesof prevalentreddishcolour, suibjectedto frequent
facial andgeometrica]citanges.Titis detritie successioncould be assignedto
agenerie{JpperPermi¿mto Middle Triassic(presumablyAnisian in age>,be-
causeof tite pailaeontologicaldatafrom tite stratigrapbicbonudarieswitit tite
Lu CaparoniFm. ¿mdtite overlying Muscitelkalk,combinedwitit petro-citem-
icah analysisof contemporaneousvolcanicdeposité.

Tite co-existingvolcanicrocks are composedof pyroclastiesand ignim-
brites(weLded tuffs), acidic in composition.Moreor lessreworkedtuffaceous
productsa]so oceur.

Titesandstonesof Units 1 and2 showaratiteruniformpetrofacies,witicit
is similar to tbatof tite upperpartof Lu CaparoniFm. Clastsderivedfrom thc
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Fig. 7.—Rock-MORE(l-’earce, 1983> spiderdiagrambr Nurravolcanites.Symbolsasin Fig. 5.
Fig. 7—Diagrama«Rock-MORE»<Pearce,1983)delasvolcanitasdeNuria. Símbolos como
enFig.5.

Hercynianbasementandtite aforementionedvolcanieshavefeaturesin com-
mon.

Tite peculiar petrofaciesof tite Mt. 5. Giusta red sandstones,neartite
boundarywith tite overlying Muschelkálk,is in part linked to tite erosionof
volcanie rocks. The ltgit percentageof quartz, feldsparsand tite searse
amountof rock-fragmenté,markedlydiffer froin titoseobservedin tite sand-
stonesof tite Algitero area.As a consequence,new researchon titese upper-
mostrocks is necessaryir order to ascertaintiteir citronostratigrapitieposi-
tion aud to reconstructtite still doubtful geologicalevolutionof tite local sec-
tor.

Ah titesevolcaniclasticsedimenté,which líavebeensubjectedto pronoun-
cedaudcoevalerosion,probablytookplaceduringtite Permian.Titis is sug-
gestedby titeir alkaline affinity (mostly evident ir tite very few weathered
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producísof Nl. SantaGiusta),xvhiclí is widely evidentin tite UpperPermian
of CorsicaandProvence,i. e.in regionscountiguoustu Sardiniaat thattime.

UnlIs 3 aud4, witicit mark tite beginningof typical Buntsandstein,intro-
ducenewgeologicalsituations.Conglomerates,sandstonesandsiltstonesare
mostlyrieti iii bascmentquartz-clastics,probablydiie to tite extinetionof vol-
canjeactivity andto a renewcdstructuralsetting. Stepby step,tite sxvell and
basinextensionalframework,whicit gencrallyreceivedalluvia] dcposits,un-
derwcntacontinuou.slevellirig aud, during tlíe Middle Triassicmarinetrans-
gression,gayerisc to coastalplain ¿mdlittoral deposité.
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