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REPARTITION AND PALEOGEOGRAPHICAL INTERPRETATION OF 
VOLCANOCLASTIC AND PELAGIC SEDIMENTS OF THE 

LIVINALLONGO FORMATION ( ITALIAN DOLOMITES) 

by P. C ros & P. Houel * ) 

Summary 

The detailed lithostratigraphy and sedimentology of the volcanoclastic and 
pelagic strata making up the Livinallongo Formation {Middle Triassiel in the 
ltalian Dolomites allow us to point out two pyroclastic stages of sequential 
deposition { "pietra verde") and to show some relationships to extensional 
tecton ic movements1 acid volcan ism and the euxin ic Sedimentation in na rrow 
basins connected with mobile sills. Same comparisons with the neighbouring 
Carnic Alps are useful. 

The "pietra verde" particles are essentially of pyroclastic origin but 
locally also epiclasticl with a mixture of pelagic material. The magmatic 
characters are partially concealed by the Iack of in place Iava flow. Butl on . 
the basis of the existing lithic elements of the crystals with their inclusionsl 
it is possible to say that the tuffites forming the "lower pietra verde" are 
coming from a water-rich magma of late differentiation and trachy-andesitic 
composition I and those forming the "upper pietra verde" are of rhyol itic to 
rhyodacitic composition. 

· 

The sedimentological analysis of the pietra verde shows the various 
sequential modal ities of their deposition I in close relationship to the sea­
bottom morphology. The graded-bedding of particles I according to their 
size and density I the order of the sedimentary structuresl the homogeneity 
and poor shaping of the particlesl and the reworked intraclasts {nodule 
breccia) at the bottom and the occurrence of Radiolaria at the top of the 
sequences are characteristics of the "pyroturbidites" of the "lower pietra 
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verde11• Some correlations are possible along about 20 km and point out the 
importance ( more than 1 km3 for the bigger pyroclastic layer), the control 
by the submarine morphology and distance from the supposed volcanic centres. 
The four sequences are interpreted either as 11 pyroturbidites11 ( subaqueous 
pyroclastic flows) or as distal submarine parts of ignimbrites as weil as 
continental ash-flow; between them, in the pelagic realm, some reworkinq 
of as�-fall and lutites took place at the top of the pyroclastic flow. On the 
other hand, the numerous 11upper pietra verde11 sequences are interpreted 
as a classical turbidity current accumulation of epiclastic origin, coming from 
the progressive reworking of a volcanic buildup of chiefly pyroclastic nature. 
The regional correlations between sequences are hard to establish, except 
for the first 11 upper pietra verde11 strata which contain volcanic quartz in 
the crystalline and lithic fraction; this points to its regional lithostrati­
graphic value. Channel Sedimentation prevails in the coarser-grained strata. 

Their heteropical relationships to the 11upper Plattenka�k11 facies is 
proved by the correlations and the mixture of pelagic and tuffitic material 
in the banded I imestones. 

J I t is possible to I ink each of the 111ower pietra verde11 sequences with 
a volcanic event' of regional extension; on the other hand, the 11upper pietra 
verde11 turbidites do not allow the Stratigraphie individualization of the eruptive 
events, but it is possible to notice a mineralogical evolution: with quartz at 
the bqttom and basic plagioclases

. 
and green harnblende at the top. 

The three pelagic facies are as follows: clear gr.ey nodular Iimestone 
with bioturbation structures, dark siliceous, finely banded limestone, not 
bioturbated, and marly carbonate subnodular or regularly bedded strata, 
bioturbated and so-called 11Vedessana facies11• ln general these three facies 
have the same microfossil content in common: Radiolaria, Doonello-type of 
pseudo-planctonic lamellibranchs. The facies changes between the pelagic 
sediments point out the main interconnection between the subcrustal activity 
( magmatic and epeirogenic) and the Sedimentation. They allow a paleogeo­
graph ical interpretation of either the sea-bottom morphology or the local i­
zation of. volcan ic centres. The replacement of the terrigenaus supply of the 
underlying strata ( Ambata Formation) by the volcan ic supply in the Livinal­
longo Formation coincides with the development of the unbioturbated facies 
eastward and the main blooming of the pelagic microfaunas. The roJe played 
by a layer of anoxic water may explain the facies changes between the dark, 
unbioturbated, anaerobic banded Iimestone and the nodular or subnodular 
dysaerobic limestone, the first of deeper marine origin and the second being 
shallower. These dysaerobic sediments pass laterally to the calcaren itic 
11 mixed facies11 , typical of the biogenaus carbonate platform edges and slopes. 

The differential bathymetry is, by this way, pointed out for instance 
in the eastern part of the Cadore district : the deposition of the first 11 pietra 
verde11 strata is outlined by the disappearance of the euxinic facies and the 
general extension of the nodular limestone. The tuffites coming from the south 
overrun the deeper parts of the basin. ·ln the same way, the first cinerites 
of the 11 upper pietra verde11 unit preceded for a short time the end of the 
bioturbation and the renewal of the euxinic conditions in the whole basin 
( 11upper Plattenkalk 11). The two tuffitic stages of deposition are separated by 
a purely pelagic stage in the whole basin ( ltalian Dolomites and Carnic Alps). 
The main part of the tuffitic supply is supposed to come from the south or 
south-east during the 11lower pietra verde11 stage, except for the so-called 
11 Pecol Lungo tuffites11 of the eastern Dierico basin (central Carnic Alps), 
where the tuffitic supply is coming from the north. 
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A north-western ongm is also supposed for part of the "upper pietra 
verde" stage in the Badia Valley ( western Dolomites); during that time the 
ash-falls are dispersed in the whole region. 

This paleogeographical framework is explained by a synsedimentary 
extensional tectonic evolution which favours at the same time the magmatic 
extrusions, the restricted biotic conditions in narrow and moderately deep 
basin portions, connected by mobile sills. 

REPARTITION DES SEDIMENTS VOLCANOCLASTIQUES ET PELAGIQUES 

FORMATION DE LIVINALLONGO ( DOLOMITES ITALIENNES) 

Resurne 

L�. lithostratigraphie fine et Ia sedimentologie des Couches volcanoclastiques 
et 'pelagiques de Ia Formation ·de Livinallongo ( Trias moyen) des Dolomites 
italiennes ont permis d'individualiser deux phases de depöt pyroclastique 
a caractere sequentiel ( "pietra verde") et de montrer les relations entre 
tectonique distensive, volcanisme acide et euxinisme dans les bassins etroits, 
relies par des seuils mobiles. Elles permettent d'etablir des 'comparaisons 
avec I es Alpes Carn iques. 

La "pietra verde" est constituee de particules d'origine essentiellemeni 
pyroclastique et localement epiclastique. Elle montre aussi un melange de 
materiel pelagique. La caracterisation du magmatisme est genee par l'absence 
de lave en place sur le terrain d'etude. Cependant, grcke a l'analyse des 
elements lithiques, des cristaux et de leurs inclusions, il est vraisemblable 
que les tuffites de Ia "pietra verde inferieure" proviennent d'un magma 
riche en eau, de fin de differenciation, de composition trachy-andesitique, 
celle de Ia "pietra verde superieure" de composition rhyolithique a rhyo­
dacitique. 

L 'analyse sedimentologique de Ia "pietra verde" a montre que le depöt 
des tuffites se faisait selon plusieurs mode sequentiels, en relation etroite 
avec Ia morphologie du fond marin. Le granoclassement des particules par 
taille et par densite, l'etagement des structures sedimentaires, l'homogene'ite 
et le faible fa�onnement du materiel, le remaniement d'intraclastes ( breche 
de nodules) au mur et Ia presence de radiolaires au toit de Ia sequence sont 
des caracteres typiques des "pyroturbidites" de Ia "pietra verde inferieure". 
Des correlations sur une vingtaine de kilometres ont montre l'importance 
( plus d'un kilometre cube pour Ia plus importante) et le contröle par Ia morpho­
logie du bassin et Ia distance par rapport aux centres volcaniques supposes. 
Ces quatre sequences, interpretees soit comme des pyroturbidites ( sub-
aqueous pyroclastic flows), soit comme des terminaisans sous-marines et 
distales d'ignimbrites ou d' "ash-flow" continentaux, sont separees par des 
microsequences de remaniement des cinerites et des lutites pelagiques 
sommitales des pyroturbidites. 

Par contre, les sequences multiples de Ia "pietra verde superieure" 
sont interpretees comme une accumulation de turbidites classiques, epi­
clastiques, provenant du demantelement progressif d'un edifice volcanique 
a dominante pyroclastique. Les correlations regionales sont difficiles a 
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etabl ir; cependant les prem1eres assises de Ia "pietra verde superieure" sont 
ca racterisees pa r Ia presence de quartz volcanique dan s Ia fraction cristall ine 
et lithique, ceci souligne leur valeur dans les correlations regionales. La 
chenalisation est tres forte dans les termes grossiers. L'heteropie avec le 
facies "Piattenkalk" est prouvee par les correlations et Ia presence d'un facies 
de melange rubane pelagico-tuffitique. 

En concl usion, I es fa its permettent de rattacher chacune des sequences 
majeures de Ia "pietra verde inferieure" a un evenement volcanique d'impor­
tance regionale, alors que les turbidites de Ia "pietra verde superieure" ne 
permettent pas d'isoler dan s le temps I es eve.nements eruptifs. Eil es temoignent, 
cependant, d'une evolution mineralogique: quartz a Ia base, plagioclases 
basiques et harnblende verte au sommet. 

Les facies pelaqiques sont au nombre de trois: le calcaire noduleux gris­
clair a structures de bioturbation, les dalles calcareo-siliceuses sombres, .. 
rubanees, non bioturbees et les alternances marno-carbonatees subnoduleuses, 
bioturbees, dites de type "Vedessana". Ces trois facies possedent glob�lement 
le meme contenu en radiolaires et lamellibranches pseudo-planctoniques de 
type Daonelles. Les variations de facies des sediments pelagiques jalonnent 
les principales phases d'interference entre l' activite endogene, magmatiqu"e 
et epirogenique, et Ia sedimentation. Elles permettent de reconstituer Ia paleo­
geographie des fonds marins et des centres eruptifs. Le relai des apports 
terrigenes de Ia Formation sous-jacente d'Ambata par les apports volcano­
clastiques de Ia Formation de Livinallongo correspond a l' extension, vers 
I'Est, des facies non bioturbes et a l' epanouissement de Ia faune pelagique. 
L'existence d'un euxinisme du fond du a un seuil sous-marin peut expliquer 
le passage de facies entre un "Piattenkalk" sombre non bioturbe, anaerobie 
et profand et des alternances subnoduleuses ou noduleuses, bioturbees, 
dysaerobies moins profondes. Ces dern iers sediments passent lateralement 
a des COUches "mixtes" calcarenitiques typiques des bordures de plates-formes 
biogenes. 

Une bathymetrie differentielle est ainsi mise en evidence, par exemple 
dans Ia partie orientale du Cadore. La mise en place de Ia premiere assise 
de "pietra verde" est marquee par Ia disparition des facies euxiniques et Ia 

. gener�l isation du calca ire noduleux. Les tufs en provenance du Sud envahissent 
les parties les plus profondes du bassin. De meme le depot des premieres 
cin.erites de Ia "pietra verde superieure" precede de peu Ia fin des bioturbations 
et Ia reprise de l'euxinisme dans l'ensemble du bassin de depöt ( "Piattenkalk 
superieur"). 

Ces deux phases tuffitiques separees par une phase purement pelagique 
caracterise les couches de Livinallongo dans les Dolomites et Ia Carnie. 
L 'essentiel des apports tuffitiques viennent du Sud ou du Sud_:Est pour les 
"pietra verde inferieures" ( bassin de Livinallongo, de Cadore, de Sappada), 
exception faite des tuffites de "Pecol Lungo" du bassin de Dierico ( Carnie 
centrale) qui viennent du Nord. Cest aussi le cas pour une parties des 
"pietra verde superieures" du Val Badia, tandis que les retombees cineritiques 
s'etalent sur toute Ia region. 

Ce contexte paleogeographique s'explique par une tectonique distensive syn­
sedimentaire qui permet a Ia fois Ia montee du magma, Ia creation des con­
ditions biologiques de depöt dans des portians de bassin moderement pro-

fondes et etroites communiquant par des seuils mobiles. 
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VERTEILUNG UND PALAOGEOGRAPH ISCHE INTERPRETATION 

VULKANOKLASTISCHER SEDIMENTE DER BUCHENSTEINER SCHICHTEN 

( LIVINALLONGO-FORMATION, MITTLERES LADIN, ITALIENISCHE DOLOMITEN) 

Zusammenfassung 

Zwei verschiedene pyroklastische Ablagerungsphasen ( Pietra verde) konnten 
durch lithostratigraphische und sedimentalogische Untersuchungen in den 
vulkaneklastischen und pelagischen Sedimenten der Buchensteiner Schichten 
der italienischen Dolomiten herausgearbeitet werden. Die Sedimentation erfolgte 
unter Einfluß von distensiver Tektonik, saurer vulkanischer Tätigkeit und 
aux in ischen Ablagerungsbedingungen in schmalen Beckenzonen, die durch 
submarine Schwellen getrennt waren. Die Untersuchungen erlauben auch einen 
Vergleich mit den benachbarten Karnischen .f.\lpen. 

Die Pietra verde besteht hauptsächlich aus pyroklastischen und örtlich 
auch epiklastischen Bestandteilen. Auch Seimengungen von pelagischem 
Material kommen vor. 

Der Magmencharakter konnte, bedingt durch das Fehlen von Laven im 
Sedimentationsgebiet selbst, nur über die Analyse der vulkaneklastischen 
Bestandteile ( Kristalle und Einschlüsse) ermittelt werden. Dabei stellte sich 
heraus, daß die "untere Pietra verde" einem wasserreichen, spätdifferenzier­
ten Magma mit trachyandesitischer Zusammensetzung entstammt. Dagegen 
zeigen die Tuffite der "oberen Pietra verde" eine rhyol ithische bis rhyoda­
zitische Zusammensetzung. 

Die Sedimentation der Pietra-verde-Abfolgen erfolgte in mehreren 
Sequenzen in deutlicher Abhängigkeit zur Morphologie des Meeresbodens. 
Korngrößenverteilung, Anordnung der sedimentären Strukturen, Homigenität 
und schwache Rundung der Körner als auch die Resedimentation von lntra­
klasten ( = Knollenbreccie) im Liegenden der Sequenzen, und das Vorkommen 
von Radiolarien im Hangenden, sind typische Merkmale von sogenannten Pyro­
turbiditen der "unteren Pietra verde" Die Verbreitung über einen Raum von 
mehr als 20 km Längserstreckung - eine der mächtigeren Sequenzen weist 
eine Kubatur von mehr als 1 km3 auf - deutet auf den Einfluß der submarinen 
Morphologie und auf die Nähe der angenommenen vulkanischen Zentren hin. 
Die vier Sequenzen werden interpretiert als "Pyroturbidite" ( subaqueous 
pyroclastic flows), als distale, submarine Teile kontinentaler lgnimbrite oder 
auch als Aschenniederschläge. Am Top der Pyroturbidite kann eine Aufarbei­
tung von Aschen und Lutiten vorkommen. 

·
Die zahlreichen Sequenzen der "oberen Pietra verde" werden dagegen 

als klassische Turbidite mit Anlagerung von epiklastischem Material interpre­
tiert. Das Material entstammt einer fortschreitenden Aufarbeitung von vulkan i­
sehen, vorwiegend pyroklastischen Aufbauten. Abgesehen von den ersten 
Schichten der "oberen Pietra verde" ist eine regionale Korrelation der 
Sequenzen nur schwer möglich. Die ersten Schichten der "oberen Pietra 
verde" sind durch das Vorhandensein von vulkanischem Quarz gekennzeich­
net. Dies scheint von regionaler Bedeutung zu sein. Ebenso herrscht hier 
bei grobkörniger Sedimentation Rinnenbildung vor. Die Faziesheteropie mit 
dem "oberen Plattenkalk" ist durch Korrelationen und durch das Zusammen­
vorkommen von pelagischem und tutfitisehern Material in den gebänderten 
Kalken erwiesen. 
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Jede der bedeutenderen Sequenzen der "unteren Pietra verde" kann mit 
�iner regional wichtigen vulkanischen Tätigkeit in Zusammenhang gebracht 
werden. Die Turbidite der "oberen Pietra verde" erlauben dagegen keine 
zeitliche Trennung der vulkanischen Ereignisse. Allerdings kann eine auf­
fallende Veränderung in der mineralogischen Zusammensetzung beobachtet 
werden : Quarz im Liegenden und basischer Plagioklas und grüne Hornblende 
im Hangenden. 

Drei verschiedene pelagische Fazies sind erkennbar: hellgraue, knollige 
Kalke mit Bioturbationsstrukturen, dunkle, Si02-reiche, gebänderte Platten­
kalke ohne Bioturbation, und mergelige, schwach knollige oder regelmäßig 
geschichtete Karbonate mit Bioturbationsstru.kturen, die als 11Vedessana­
Fazies" bezeichnet werden. Alle drei Fazies haben generell den gleichen 
Mikrofossilinhalt : Radiolarien und pseudoplanktonische, dünnschalige Lamelli­
branchiaten (Daonel/a- Typus). Die Fazieswechsel innerhalb der pelagischen 
Sedimentation deuten auf wesentliche Zusammenhänge zwischen subkrustaler 
Aktivität ( Magmatismus und Epirogenese) und Sedimentation hin. Sie ermög­
lichen mit einer paläogeographischen Analyse insbesondere Aussagen über 
die Meeresbodenmorphologie und die Lokalisierung von eruptiven Zonen. 

Der Obergang von terrigen beeinflußter Sedimentation in der liegenden 
Ambata-Formation zu vulkanisch beeinflußter Sedimentation in den Buchen­
steiner Schichten fällt zusammen mit. der Entwicklung der nicht bioturbaten 
Fazies gegen Osten hin und dem Hauptaufblühen pelagischer Mikrofaunen. 
Euxinische Ablagerungsbedingungen an der Rückseite von Schwellenzonen 
können die Faziesübergänge zwischen den dunklen, anaeroben und in tieferem 
Wasser abgelagerten Plattenkalken ( ohne B ioturbation sstrukturen) und den 
flaserigen oder knolligen, dysaerobischen Kalken flacheren Wassers ( mit Bio­
turbationsstrukturen) erklären. Die dysaerobischen Sedimente gehen lateral 
in eine kalkaren itische "gemischte Fazies" über, wie sie für Randzonen der 
Karbonatplattformen typisch ist. 

Unterschiedliche Beckentiefen konnten z. B. für den Raum östlich von 
Cadore festgestellt werden: Die Sedimentation der ersten Pietra-verde-Lagen 
ist gekennzeichnet durch das Verschw{nden der euxinischen Fazies und die 
generelle Ausbreitung der Knollenkalke. Die aus dem Süden stammenden Tuffe 
bedecken die tieferen Beckenteile. ln ähnlicher Weise erfolgten die ersten 
Aschenablagerungen der "oberen Pietra verde" kurz vor dem Nachlassen der 
Bioturbation und dem neuerlichen Einsetzen euxinischer Ablagerungsbedingungen 
im gesamten Beckenareal ( "oberer Plattenkalk"). Die beiden tuffitischen Phasen 
werden von einer rein pelagischen Ablagerungsphase unterbrochen, was sowohl 
für Buchensteiner Schichten der Dolomiten als auch der Karnischen Alpen 
kenn zeichnend ist. Für den Hauptteil des tuffitischen Materials wird ein 
südliches oder südöstliches Herkunftsgebiet angenommen. Dies gilt für die 
Beckenzonen von Buchenstein, Cadore und Sappada. Das Becken von Dierico 
( mittlere Karnische Alpen) bildet eine Ausnahme. Für die sogenannten 
"Pecol-lungo-Tuffite11 wird ein nördliches Herkunftsgebiet angenommen. Für 
einen Teil der "oberen Pietra verde" des Gadertales ( westliche Dolomiten) 
erfolgte die Schüttung aus dem Nordwesten. Aschenregen sind hingegen 
über die gesamte Region verbreitet. 

Die geschilderten paläogeographischen Zusammenhänge können am 
besten durch eine synsedimentäre Dehnungstektonik erklärt werden. Diese 
hat sowohl das Aufsteigen von Magma ermöglicht als auch eine kleinräumige 
Gliederung des Ablagerungsraumes in schmale Beckenzonen mit eingeschränkten 
Lebensbedingungen und verbindende flache Schwellenzonen hervorgerufen. 

420 



Contents 

lntroduetion 

Lithostratigraphie eorrelation in the Ladinian basin of the Dolomites 

1 .  Lithostratigraphie eorrelations in the eastern area ( Dolomites of Cadore) 
a) Type-section in the Dolomites of southern Cadore 
b) Extension of Iithoiogie units to the .south-eastern part of the basin 
e) Lithologie evolution in the eastern part of the basin 

- Evolution towards the middle of the basin: role of the palearelief 
- Evolution eastward: role of the detrital supply 
- Evolution northward: disappearanee of the tuffitie supply near· the 

north-eastern boundary 
d) Conelusive remarks on the sedimentary evolution in the eastern area 

2. Lithostratigraphie correlations in the western area 
a) Sequential modalities of the tuffitie deposition 
b) Extension of the tuffitie sequenees in the middle and western parts of 

the studied area 
- Sections with a strong pietra verde eontent 
- Seetions showing the bevelled pietra verde 

e) Extension of the tuffitie sequenees in the north of the western area 

I I  Paleogeography and sedimentology of the volcanogenie series 

1. Paleogeographieal distribution of the volcanogenie sediments 
a) Evolution stages of the volcanie eentre's aetivity 

- Repartition and origin of the "lower pietra verde" sequenees 
- Repartition and origin of the "upper pietra verde" sequenees 

b) Role of the earbonate shallow bottoms in the pelagie basin: the ease of 
the Cernera - Piz del Corvo positive area 

2. Sedimentology of the voleanogenie series 
a) The pyroturbidites of the "lower pietra verde" 

- The submarine pyroclastie flows 
- Examples of pyroturbidites 
- Various pyroturbidite types oceurring in the Livinallongo Formation 

b) The turbidites of the "upper pietra verde" 

1 1 1  Paleogeography and sedimentology of the pelagic ealcareous series 

1. Lateral faeies ehange, meaning of the ealeareous facies 
a) Review of the various bathymetrie interpretations of the pelagie facies 
b) Role of the bioturbation in the pelagie facies changes 
e) Biofacies zonation in a recent marine basin 

- Bathymetrie extension of the dysaerobie facies in some recent marine 
basins 

2. Sedimentologieal interpretation of the biofacies ehanges 
a) Bathymetric va riations of the dysaerobie zone 
b) Applieation of the biofacies pattern to the Dolomites Ladinian basin 

General eonelusion 

Referenees 

Appendix: 9 figures and 1 plate 

421 



INTRODUCT ION 

This revision of the Livinallongo strata in the Dolomites results from the 
field and Iabaratory study of P. HOUEL ( 1979) and from a collective sedimen­
tological contribution on the Ladinian and Carnian volcano-sedimentary basins 
and from the synchronaus carbonate platforms ( CROS, 1974, 1979; CROS & 
FRYSSALAKIS, 1982; CROS & FREYTET, 1981; LAPOINTE, 1981). 

The Livinallongo Formation is weil known for its pelagic acid-tuffitic 
strata. V I EL ( 1979) has given an accurate stratigraphical defin ition of them. 
We may recall that theoretically the lower and upper boundaries of this 
formation- have their best definition in the .pelagic areas where they lie in 
continuity above the basinal Upper Anisian Ambata Formation ( ASSERETO & 
PISA, 1978) as weil as where they are covered by the Upper Ladinian 
pelagic and tuffitic Aquatona Formation ( V IEL, 1979). ln the heteropical 
An isian platform areas of the Contrin Formation ( = Upper Serla Formation) 
the Ladinian basin facies are clearly transgressive ( CROS, 1974, 1979). The 
sil iceous or dolomitic da rk limestones, also called here "Piattenkalk 11 ( German 
name of flag-limestone) for reasons of simplifications, and the grey nodular 
Iimestones ( Knollenkalk) are, along with the tuffitic strata, called "pietra 
verde", the ma in and most typical facies of the Livinallongo Formation. 

Various lithological Subdivisions had been proposed. So NÖTH ( 1929) 
has distinguished three parts: the upper Muschelkalk Plattenkalk, the 
Knollenkalk and the pietra verde of the lower Buchenstein ( = Livinallongo), 
the Plattenkalk and the pietra verde of the upper 8 uchenstein. ROSS I 
( 1962, 1964, 1965) observes four units, araund the Marmolada massive: 
siliceous and calcareous rhythmites at the bottom, followed by nodular Iime­
stones and pietra verde and banded and Iaminated Iimestones at the top. 
BACELLE SCUDELER ( 1972) described, at the top of the Anisian dolomites, 
four pelagic and tuffitic units. LAG NY ( 1974) distinguished in the western 
Carn ic Alps, from bottarn to top: -a basinal un it called later on Ambata 
Formation, then a first pietra verde un it resulting from a first stage of 
volcanic activity, followed by a nodular Iimestones of Lower Ladinian 
( Fassanian) age; a · second volcanic \stage formed another unit of pietra verde 
tuffites; all is covered by a dark pelagic sil iceous I imestone un it of Upper 
Ladinian ( Longobardian) age. Finally V IEL ( 1979) put the upper boundary 
of this formation just under the pelagic and acid tuffitic Upper Ladinian 
strata of the Aquatona Formation containing "Zoppe" tuffitic member. 

Nevertheless, ASSERETO, BRUSCA, GAETEN I & JADOUL ( 1977) and 
other authors admit, without a better knowledge of the facies evolution, 
that there seems to be no constant lithostratigraphic order. 

A stratigraphical problern remains when we consider the relations of the 
Livinallongo Formation to the ammonite zones. The stratigraphical position 
and equivalence have been recently discussed ( see SZABO et al. 1979; 
BALOGH, 1981) between the Aploceras avisianus zone ( ASSERETO, 1969) 

characterizing the uppermost An isian ( Upper llly rian) and the classical Pro­
trachyceras zone of the lowermost Lad in ian ( Lower Fassan ian). The two zones 
seem to be time-equivalen t but facies-separated and thus ought to be 
gathered in the same substage

' 
( Upper lllyrian or Lower Fassanian). So they 

may be conveniently gathered at the base of the Livinallongo Formation, 
grouping alt the strata lying above the Ambata Formation ( Paraceratites 
trinodosus zone) in the Livinallongo Formation. 
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Fig. 1: 
Local ization map of the Lad in ian basin in the Dolomites. N umbers 1-13: 
section position. 1: Zoppe; 2: Col Alto; 3: Piz del Corvo; 4: Valle Vadessana; 
5: Pian di Buoi; 6: San Marco; 7: Villagrande; 8: Ciampestrin; 9: Cherz; 
10: Poz de Corvara; 11: Pedraces; 12: Rio Schade; 13: Novalinö. 
Symbols: 1: carbonate platforms; 2: Livinallongo Formation outcrops. 
M: Milano; B: Bolzano; BI: Belluno; -U: Udine; P: Paularo. 
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The main outcrops studied are localized in the central and estern Dolomites. 
Their extension decreases from south to north ; westward the basin is restric­
ted, either by the Ladinian biogenous carbonate platforms or by the paleo­
reliefs outcoming from the tectonized Anisian platform . The pelagic basin 
may be divided into two main regions: ( 1 }  tne eastern and central areas, 
( 2) the western area and its northern extension . 

LITHOSTRATIGRAPHIC CORRELATION IN THE 
LAD IN IAN BASIN OF THE DOLOMITES 

1. Lithostratigraphic correlations in the eastern area (Dolomites of Cadore) 

a) Type-section in the Dolomites of southern Cadore (fig . 2 A) 

The Zoppe section (n° 1) shows ·6 Iithoiogie units of pelagic and tuffitic 
strata lying on the terrigenous-pelagic Upper Anisian sediments of the 
Ambata Formation . A first calcareous-dolomitic or siliceous pelagic unit of 
dark thinly bPdded sediments is called, more conveniently, 11Piattenkalk11, 
banded Iimestone or flag-stone . 
The second tuffitic unit is made of four green "pietra verde" sequences 
alternating with pelagic strata . Each sequence firstly includes a coarse tuffi­
tic facies and then a fine pietra verde facies . The first sequence ( 1 4  m 
thick) is made of a lower coarse-grained part ( 2 m )  and an upper fine­
grained one ( 12 m ) ;  the second and main sequence ( 82 m ) , called the 11main 
sequence11, includes at first a tuffitic breccia with pelagic nodular elements 
and a tuffitic pumiceous Iapiiii facies; the upper part is made of 15 m of 
fine tuffite with radiolarians (cf . fig . 6 A} . The third sequence ( 17 m )  
begins with 2 cm o f  coarse c-rystalline tuffite characterized b y  its great 
lateral estension; it shows the three other facies : 2 .  4 m of bedded vitric­
crystal tuffite, 6. 8 m of fine massive vitric tuffite and 6. 5 m of very fine, 
bedded tuffite with a conchoidal break . The upper transitich with the pela­
gic strata is marked by a 4 .  2 m thick succession of tuffitic cycles with 
graded bedding and a calcarenitic mixture or a coarse crystalline facies at 
its base . The finer tuffites of each cycle change into a pelagic nodular 
or banded I imestone . The fourth sequence ( 19.5 m )  comprises 1. 1 m of 
coarse tuffite with pumiceous Iapiiii at its base and the succession of tuffi­
tic facies already described,. which includes 11.5 m of very fine tuffites 
rich in radiolarians . 

Our knowledge of these sequences of the 11lower pietra verde11 ( = LPV ) 
ought to be completed by the systematic survey of the pelagic sediments , 
the paleogeogra"phical interest of which is very important . The pelagic depo­
sits at the base of the first sequence are of the Plattenkalk type and are 
called 111 ower Plattenkalk11 ( = LPK) . But the nodular Iimestones are prominent 
between the sequences, both with the Plattenkalk (between the 1 °  and the 
2° sequence) or alone elsewhere . These pelagic strata are called the 111ower 
Knollenkalk 11 ( = LKK ) . 
The LPV is separated from the following tuffites by a homogenaus grey 
nodular Iimestone unit, 24 m thick and containing only 2 tuffitic beds at its 
top. This nodular Iimestone called "median Knollenkalk" ( = MKK ) is of great 
and dassie stratigraphical importance. 
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N"l Zoppe 

N°3 Piz del Corvo 

Fig . 2: 

Livinallongo Formation , south-eastern area type sections . A :  Zoppe ( n ° 1 ) ; 
B :  Valle Vedessana (n° 4); C :  Piz del Corvo (n° 3) 
Symbols : 1 :  dolomitic or Iimestone biogenaus platform facies (Contrin) ;  
2: dolomitic or marly calcareous facies of Ambata type ; 3 :  marly calcareous 
facies ; 4: dolomitic facies of 11Vedessana11 type ; 5: graded-bedded hemipelagic 
calcarenites ; 6: calcareous microbreccias ; 7: banded unbioturbated pelagic 
facies of Plattenkalk type (a) or coquina like (b) ; 8: coarse tuffites ; 
9: nodular Iimestones ; 1 0 : f.ine-grained tuffites ; 1 1 : tuffitic breccia with 
pelagic calcareous intraclasts ; 12 : polygenic tuffitic breccia with platform 
lithic elements ; 13 : partly bioturbated Plattenkalk . 
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The upper pietra verde ( = UPV ) , 3 5  m thick , is formed first by 3 m of 
vitric-crystal:-tuffitic breccia , with pelagic Iimestone intraklasts , then by a 
a succession of four cycles of graded-bedded pietra verde , with vitric­
crystal facies , grading upwa rd to a very fine radiolarian-rich tuffite . The 
thickness of the cycles is very irregular ( 21.5 m, 1. 75 m, 1 5  m, 0. 50 m ) . 
The last pelagic unit ( 7. 5 m thick) is called upper Plattenkalk ( = UPK) and 
separates the UPV from the overlying 11Zopp.e tuffites1 1 ,  belanging to the 
next terrigenaus pelagic Upper Ladinian Aquatona Formation (VIEL , 1979; 
CROS , 1979). 

ln short , this sequential subdivision of the Livinallongo Formation points 
out the main proper characteristics of each tuffitic unit . So the LPV shows 
a parallel evolution between the thickness and the volumetric importance of 
the coarser tuffites. The same applies to the number of tuffitic cycles in 
the uppermost pelagic intercalations covering each sequence . From bottarn to 
top the first and second tuffitic sequences show the quick increase in 
volcanogenic supply ; the third sequence is marked by a sudden decrease in 
gra in size ; the last one is the result of a renewed increase in the coarser 
tuffitic supply , but much lower than for the second sequence . 

b )  Extension of Iithoiogie units to the south-eastern part of the basin 

The Col Alto section (n° 2) is situated near the Anisian calcareous Monte 
Rite (FARABEGOLI , PISA & OTT, 1977), 6 km eastward from the previous 
section. The LPK unit lies on the Ambata Formation , already containing 
some tuffitic beds . The LPV is made of the four sequences al ready described . 
The variations affect the granulometric sorting and the relative importance 
of the fine tuffites . The thickness relationships of the four sequences are 
those observed in the previous sections . The MK K is thinner ( 10 m ) ; the 
UPV ( 40 m) is formed by a succession· of graded bedded fine tuffitic cycles , 
with scarce pelagic interbeds. The UPK separates these tuffites from the 
overlying Zoppe Member. 

c )  Lithologie evolution in the eastern part of the basin 

I ts evol ution follows two different courses : 

Evolution towards the middle of the basin : role of the paleorelief (CROS , 1974, 
1979>-Itig-:2-c�-7)------ ----------------

The Livinallongo Formation outcropping at the eastern side of the Pi1 del 
Corvo (section n° 3) shows a typical thinning out of the prograding Iitho­
Iogie units at the flank of the Anisian paleorelief, a paleogeographic depen­
dency of the southern Civetta platform (FOIS & GAETANI , 1980). 

The section (Rio Sacuz , 2 km from the end of the bevelled series) 
begins with 24.4 m of the Ambata Forrriation . The Livinallongo Formation 
decreases in thickness , but keeps its proper order . The LPV is reduced to 
a few thin beds , the second one is a coarse metre-thick bed with a basal 
breccia in a coarse tuffitic matrix ; the other ones are decimetre- to centimetre­
thick and crystall ine . 

Correlatively the pelagic facies increase : the LPK is 8. 5 m thick , the 
LKK is 7.5 m, the MKK is 35 m thick . The UPV is only fine-grained , massive 
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Livinallongo Formation . Nort�-eastern (A ) and central areas (BI C) : 
A :  Pian di Buoi section (n° 5) ; B :  Villagrande (n° 7 ) ;  C :  Ciampestrin (n° 8 )  I 
upper part (UPV and UPK) . 
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( 40 m) and its upper part is bedded, covered by 6 m of UPK with tuffitic 
laminae . This UPV thins out towards the top 2 km westward , it is less than 
10 m thick . This applies to the MKK. The modalities of facies change bet­
ween these tuffites and the heteropical pelagic Iimestones at the contact with 
the upper part of the paleorel ief have al ready been described ( CROS , 1979, 
p .  960). lt may be added that the eastern Cernera Summit : 2626 m, the 
highest visible part of the paleorel ief , is eroded and affected by horizontal 
holes and clastic neptunian dikes filled with grey or read and tuffitic bio­
micrites , typical features of an Aniso-Ladinian discontinuity and deposit gap . 
This gap may replace the whole Livinallongo Formation ; some remnants of 
the Zoppe tuffitic member are still visible on the eroded Anisian Iimestone 
of the Forcella Loschesuoi. This palearelief could have played a roJe of a 
submarine discontinuous sill, dividing the eastern and the western part of 
the basin . 

The Vedessana Valley section ( n° 4, fig. 2 B) has to be completed by some 
other adjacent partial sections ; it begins on the Ambata Formation with 20 m 
of pelagic-tuffitic special alternating facies , called the 11Vedessana Facies11• 
They consist of regularly bedded or lenticular dolomitic limestones , clear of 
tuffites strongly bioturbated, and green dolomitic marls , coarsely tuffitic ; 
this facies does not exist southwards. This lower unit is abruptly covered 
by 1. 5 m of LPK . The LPV is thin , the first sequence is reduced to a few 
thin tuffitic beds at the top pf the Vedessana facies and to a small fraction 
of tuffitic input in the Carbonate near-platform facies. The three other 
sequences are only some meters thick ( 3 m ,  3. 5 m ,  5. 5 m) with always a 
coarse crystal-tuffite at their base . On the other hand , the LKK unit is 
18 m thick , MKK measures only 7 m upon the last beds of LPV. The three 
thick UPV sequences , sometimes complex and fine-grained, measure 17 m ,  
18.5 m and 5 5  m and alternate with meter-thick beds of nodular Iimestones 
forming the so-called 11 upper Knollenkalk11 ( UKK) . The UPK unit is present 
at the top of the section. 
The Pian di Buoi section ( n° 5, Fig. 3 A) , 6 km north- to north-eastward from the 
previous one, lies on the 40 m thick Ambata Formation and begins with 9 m 
of Vedessana Facies , exhibiting thin graded bedded calcarenites , resedimen­
ted from the adjacent platform ; their frequence decreases topwards . This testi­
fies the lateral facies change between the shallow platform area outcropping 
in the region of Col Vidal ( OGILVIE GORDON , 1934) and the pelagic basin . 
The LPV is represented only by two crystal-pumiceous tuffitic sequences 
also containing various lithic elements reworked from diverse Javas . The first 
sequence begins with a tuffitic Iimestone breccia the components of which are 
of platform and pelagic origin ; they are associated with angular volcanic 
I ithic elements. This Iithologie character is rema rkable and testifies the roJe 
of another pyroclastic and epiclastic supply ; its paleogeographical origin may 
be found in the south of the Carnic Alps ( cf .  CROS , 1979). The resedimen­
ted platform bioclasts of the 6 m thick hemipelagic facies separating the 
tuffitic strata are of Vedessana type ; the MKK ( 13 m) still contains some 
graded-bedded calcarenites and tuffites. The top of the section does not out­
crop , but no traces of the UPV were found in the area under the basic 
tuffites of the Fernazza Formation. 
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Evolution northward : . disappearance of the tuffitic supply near the north-· 
easterr1-t>öun-d"a-ry -[fi9 . 4 s > 

The eastern Dolomits exhibit , 12 km north of the Vedessana Valley section and 
28 km from the Zoppe section , the whole Livinallongo Formation , whiCh is 
thin and essentially of pelagic character ( section 6 near San Marco , outcrops 
near Stab in and Lago ·V erde) . 

A few meters of the Vedessana type bedded or subnodular facies under-
1 ie ( section n° 6) nearly 10 m of alternating 11Knollenkalk 11 and tuffites of the 
LPV, forming 5-6 beds , decimeter- to meter-thick , like the nodular limstone 
intercalations . The MKK ( 30 m) is covered by 4 m of dark siliceous flagstone, 
with tuffitic laminae ( UPK) hidden at their top . 
The nearby section of Stabin shows eastward a maximal reduction of the LPV 
tuffites . The tuffitic Vedessana facies is 2 m thick and the LK K outcropping 
above ( 4. 5 m) contains only few green argillitic tuffitic beds : the only · indications 
of the LPV supply . 

d) Conclusive remarks on the sedimentary evolution in the eastern area 

The cerrelative variations of the pelagic and tuffitic Sedimentation appear with 
thre� modal ities . 

The pelagic facies adjacent to the platform , characterized by a mixture 
of calcaren itic material , points out the role played by the heteropical boundary 
in the eastern region of Col Vidal, Auronzo and Dobbiaco . This bottom 
uplift favoured the thinning of the tuffites and the bioclastic supply is strati­
graphically associated with the strongly bioturbated pelagic sediments . 
The role of the Anisian palearelief ( Piz del Corvo , Eastern Cernera) inside 
the basin is most significant ; the bevel of the tuffitic units is much better 
marked for the lower unit than for the upper one; the palearelief effect was 
attenuated in the course of time and is different with ·each type of volcano­
clastic marine environment . The strict \investigation of the thinnest tuffitic 
beds allows a more precise correlation of the reduced deposit bevel with the 
thicker southern proximal units. Finally the tuffites may disappear 30 km 
north of the proximal accumulations ( sections 1 and 2) , without any other 
active heteropical sedimentation., There the depositional rate was very low . 

2. Lithostratigraphical correlations in the western area 
(High Livinallongo Valley , Badia Valley ; fig . 3, 4 A, B) 

a )  Sequential modalities of the tuffitic deposition 

The detailed section of Villagrande ( fig . 3 B ,  55 251 road , km 153-154) is 
known very weil ( BACELLE & SACERDOT I ,  1965) ; it is used here for the 
detailed correlations of all the disconnected outcrops of the Livinallongo 
Valley and for the unterstanding of the sedimentological westward evolution 
of the main tuffitic units . At the base of the section , the Contrin Formation 
is dolomitic and of irregular thickness , in continuity with the Cernera mount ; 
it underlies the first basinal carbonate unit made of the calcarenitic micro­
breccias alternating with a euxinic , dolomitic Plattenkalk ( 3 m ) , which goes 
up to a dolomitic and then siliceous PK unit ( 8 m) , partly tuffitic and 
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so.:netimes coquina-like with Oaonella. The first LPV coarse-grained strata 
( 1. 5 m) , then fine-gra ined ( 0 .  8 m )  with thin nodular I imestone-intercalation s ,  
is followed by a 2 . 5 m thick LKK with green clay seams . The main tuffitic 
sequence is 1 1 . 5  m thick and begins with a pelagic calcareous tuffitic breccia ; 
it is coarse-grained and overlain by 3 . 2  m of alternating graded-bedded 
pietra verde and nodular limestone . The MKK unit is 2 0  m thick . 
The UPV begins with 2 m thick beds of coarse crystal-tuffite alternating 
with some meters ( 6 and 8 m) thick banks of UPK containing tuffitic beds of 
coarse or fine texture. These beds are often hydroplastically deformed or 
broken by an intrastatal sndiagenetic fracturation . These arhythmic sequences 
of first and second order result from the turbiditic reworking of tuffitic 
material inside the pelagic basin . The coarse fraction is more developed than 
in the southern area , but that does not change the regional correlation of 
the UPV unit . Th.e next section of Ciampestrin (n° 8, fig . 3 C) along the 
Rio Codalunga supplements the previous one ; the UPV tuffites are thicker 
( 6 0  m ) ; more than ten sequences are graded-bedded with also abrupt Super­
positions of the coa rse and the fine facies ; they show a radiolarian-rich 
upper part ; the pelagic Plattenkalk interbeds are scarce , the UPK consists 
of a 1 5 m thick unit with only one tuffitic bed . 

b) Extension of the tuffitic sequences in the middle and western parts of the 
studied area (Cordevole High Valley ; fig . 8 C ) 

The study of all outcrops disseminated on the northern and ·southern flanks 
of this narrow and deep valley confirms the general value of the six Iitho­
Iogie units already defined . 

The LPK lies on the Anisian dolomite ; the four sequences of the LPV are 
separated by nodular beds (LKK ) . The main sequence has a constant thick­
ness ( 11 m) and facies ; that is to say : a crystal tuffite ( 0 .  5 m) followed by 
the fine tuffites . The MKK are thick ( 20- 2 5  m ) ; on the other hand the 
sequential Variations affect the UPV (fig . 8 C ) . 
These tuffites cover directly the MKK unit or include at their lower Ievei 
more UPK . The graded-bedding and the pelagic Ieveis · are either like the 
C iampestrin section or the Villagrande one . 
The paleogeographical disposition of the two sequential types defines a deeper 
area of main channelling supply and a lateral area of discontinous tuffitic 
dispersion. and pelagic Sedimentation . 

The main sequence of the LPV is isopachous ( 11 m )  and exhibits few variations , 
except for the boundary to the Lower Ladinian Marmolada platform facies , 
where it is thin and shows a mixture of bioclastic resedimented calcarenites : 
On the other hand , the UPV unit already gets thinner, but with both coarse 
and fine textures, it may be partially replaced by 19 m of pelagic UPK (Collaz 
section) or dissapears completely (Col Dadaut section) :  the MKK being 
covered directly by the pelagic UPK . 

The southern border of the basin is marked by a quick facies change , 
first by the heteropical transition to the platform during the LPV and MKK , 
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and then by a synsedimentary tectonic deformation during the UPK and UPV 
stage of Sedimentation . This discontinuous relationship between the uplifted 
pa r.ts of the ca rbonate platform and the adjacent area of breakdown affects 
the previous heteropical transition . Jt is marked by the slumping of coarse 
breccias with metric blocks of carbonate platform facies between the UPK 
pelagic strata of the Col Tororit section. 
We know (CROS , 1 974 )  that this breakdown in horst and graben areas is 
achieved du ring the Upper Ladiniah ; it resulted in the palearelief emersion , 
the karstification of part of the Marmolada mountain and the deepening of 
the bordering areas during the Fernazza stage of volcanic activity and basi­
nal deposition . 

c )  Extension of the tuffitic sequences in the north of the western area (Badia 
Valley , Braies Dolomites ; fig . 4 )  

Only two outcrops exhibit tuffitic beds , their ex.ten sion is  I imited by the 
nearby Ladinian carbonate platform or Anisian paleoreliefs created by the 
previous Aniso-Ladinian tectonic stage (Passo Gardena : unpublished data , 
Sella?, north-western Marmolada ; CROS , ' 1 976 ) . 

Y�L�lt_c!i�-.?�.E�� (fig . 4 A, Pedraces , Poz de Corvara ) 

The Anisian "Braies" facies ( = Pragser Schichten ; PiA , 1 937) , equivalent to 
the Ambata Formation , is covered by a bioclastic hemipelagic deposit , first 
of LPK type, very poor in tuffitic content ( 1 1  m ) , then of KK type with 
resedimented platform bioclasts . lts total thickness ( 1 6 . 5- 2 2 . 5 m) may be 
divided into two parts by a Ievel of green tuffitic clay beds coming from and 
correlated with the ma in eruptive events during the LPV deposition ( see 
below ) . Some polymictic breccias (1 - 1 0 m thick) consist of platform Carbonate , 
pelagic ahd pietra verde lithoclasts , thEfir occurrence is caused by the intra­
formational tecton ic and gravitational reworking preceeding the UPV deposition 
and resedimented in the UPK basinal stage . 

· 

The pelagic LPK ( 1 3 . 5 m )  covers a Vedessana type facies ; it contains tuffitic 
laminae ; the LKK ( 1 - 3 . 5 m ) , massive or bedded , is separated from the MKK 
( 1 4- 1 7  m )  by green clay seams and only one sequence of LPV ( 1 - 5 . 5 m 
thick with 30 cm of coarse tuffitic facies ) .  The MKK contains resedimented 
bioclastic calcarenites . The Upper Ladinian dolomite covers this thin Livinallongo 
Formation . This well-known reduction ·is complemented by the early replace­
ment of the platform Sedimentation . 
The new correlations are supported by the occurrence of tuffitic green clays 
and the relative disposition and thicknesses of the LKK and the MKK and the 
pietra verde . We may conclude tha.t : 
- in the north-western area the LPV , constant in the south, "has dissapeared 
and has been replaced by tuffitic clay beds ; on the other hand, the UPV 
associated with breccias may be 1 3  m tliick and includes coarse facies south­
wards and finer ones northwards . 
ln the poorly tuffitic north-eastern area we notice only the pccurrences of 
the LPV with both cineritic clay facies and coarse turbiditic facies . 
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II PALEOGEOGRAPHY AND SEDIMENTOLOGY OF THE VOLCANOGEN IC SERIES 

1 .  Paleogeographical distribution of the volcanogen ic sediments 

a) Evolution stages of the volcanic centre's activity 

The farnaus pietra verde ( CALLEGAR I & MON ESE , 1 96 4 )  results from the 
hydrodynamic transport and reworking phases of pyroclastic particles in the 
quiet pelagic basin . They are accumulated in the deeper parts , but the facies 
and thickness changes are also caused by the volcanic centre's locali�ation . 
These were many times supposed to have a southward origin . The petro­
graphic analysis supports the definition of some new paleogeographical ways . 
The succession of the two eruptive phases and of the intermediary quiet 
periode is of regional importance . ln fact , the mineralogical characters of the 
tuffites are those described by CALLEGARI & MONESE ( 1 964) , but some 
specific features were observed in each unit ; we shall summarize them here 
soon ( HOUEL, 1 979)  

The whole mineralogical and chemical data related to the feldspars and 
quartz and their inclusions süggest that the pyroclastic material from the 
LPV is of trachy-andesitic composition ; for the UPV the composition is rhyo­
dacitic to rhvolitic . Nevertheless the UPV also shows more basic plagioclases 
than the LPV , mainly in its upper part , but it is alone to contain up to 1 0% 
and 20% of rhyolitic quartz , supposed to be of pyroclastic origin , mainly in 
its .lower part ; this quartz is also present in the ignimbritic lithic elements 
reworked into a Jenticular conglomeratic tuffitic and terrigenaus facies , at 
the base of the UPV ; this coarse bed has already been described on the 
palearelief (eastern flank of the Piz del Corvo ; CROS , 1 979) . Finally the 
tuffites contain some biotite , the main ferro-magnesian sil icate ; the UPV 
contains some green amphibole ( less than 1 %) , intact or replaced by sparite 
and anatase . 
�-e_R_a_t:_tJ!Lo_!l __ a_'!�_Q!"!9.Ln __ �f __ t_tl_e_JQ!'�_r_p_i�!!:�-Y�!9_e __ s_e_q":!�r::!��� ( fig . 5 ,  8 A )  

Sequences like the main sequence of the LPV occur i n  the axial part of the 
basin and are bevelled sidewards and northwards , with special modalities for 

· each type of submarine .. basinal bottom features . 
ln the basin axis the main sequence changes from a 80 m thick 

sequence in the Zoppe section to 1 1  m in the Livinallongo Valley district , 
that is to say 1 6  km north-westwards but then it keeps this 1 1  m -thickness . 
Northwards the LPV is mixed with pelagic sediments , but is still coarse­
grained ; finally it is reduced to some argillaceous green beds of subaerial 
cineritic origin with a mixture of hydrodynamically deposited plagiocla

.
se 

crystals . 
· 

The metric strata of crystal-1 ithic tuffites observed in the north-eastern 
sections (Pian di Buoi , San Marco) are characterized by a group of various 
volcanic lithic elements which are oxidized and sometimes rounded . Such 
tuffites have already been described in the western Carnic Alps (Monte 
Rigoladis section ; CROS , 1 979) . They also occur at the base of the LPV, 
in the northern Sappada section . The south-eastern origin of the LPV sequence 
is different from the first type sequence with which it is mixed in the 
eastern Dolomites . 
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F ig. 5: Lithologie correlations in the Livinallongo pelagic and tuffitic basin. The 
sections are lined up on the basis of the summital terrigenaus and pelagic 
Aquatona Formation; especially the Zoppe Member. 
The continuous correlation lines point out the boundaries of the tuffitic 
units. The dashed lines point out the biofacies boundaries. 
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Symbols: 1: Plattenkalk; 2: nodular Iimestones (Knollenkalk); 3: lower pietra 
verde; 4: upper pietra verde. 



The successive tuffitic sequences are 0 . 3- 1 0  m thickl with an average of 
2 m ( fig . 8 B ) . 

The coarse and fine-grained tuffites display a distinct paleogeographical 
extension . The coarse material occurs essentially in the western part of the 
basin1 mainly in the south-western part1 between the Passo Gardena palea­
relief to the north-west1 the marmolada to the south-west and the Piz del Corvo 
palearelief to the south-east (fig . 8 B) . The fine materia� is pre_:;ent in the 
whole western basin areal in the same quantity as the coarse one ; it is 
dominant in the south I reduced to the north . The fine tuffitic facies itself 
occurs in the southern and eastern areasl except for some scarce thin beds . 

We may add the disappearance of the UPV in the north-eastern sectionsl 
though eastwards there is another tuffitic deposit centre in the Carnic Alps 
(LAGNY I 1 974 ) . This repartition is controlled by the volcanic activity of an 
eruptive centre along the southern boundary of the basin I the pyroclastic 
supply of which had been accumulated in the southern Cadore and the nearby 
Carnic Alps . The hydrodynamic dispersion around this centre had been 
effective along two syngenetic transverse tectonic troughs separated by 
paleoreliefsas the Piz del Corvo westwardsl and the Tiarfin mount eastwards 
(cf . fig . 8 B) . 

A second subsidiary origin had occured around a northeastern volcanic 
centre marked by a coarse tuffitic supply during the upper pietra verde stage. 

b )  Rote of the carbonate shallow bottoms in the pelagic basin : the case of 
the Cernera - Piz del Corvo positive area (fig . 7 )  

The carbonate mountains of  the Morite Crot and the Cernera - Piz del Corvo 
have played a complex paleogeographical roJe in the differential occurrence 
of the two pietra verde units . They a�e situated north of the Civetta plat­
form (FOIS & GAETANJI 1 98 0 )  with which they were connected in the Anisian 
time . 

The detailed analysis of the relationship between the biogenaus carbonate 
facies in the northern part of the Cernera mount and the adjacent Livinallongo 
pelagic and tuffitic sequences supports the heteropical restauration of this 
area along the western side of the positive submarine Cernera - Piz del Corvo 
paleorel ief . The ca rbonate foothill 1 called Punta di Zon ia I is the north-
western continuation of the upper biogenaus Iimestones of the Cernera mount . 
This formation is not accurately dated in the Cernera mount istselfl but it is 
bevelled westwards under the basic Upper Ladinian tuffites of the Fernazza 
Formation I outcropping westwards on · the southern flank of the Monte Pore 
(fig . 7 A) . From east to westl this carbonate tongue of platform facies 
changes laterally to a bioclastic and biogenaus bedded Iimestone with Tubi­
phytes etc . . . .  The bevelled end of this outcrop shows exceptionally two 
successive fossil iferous Ievels with ammon ites (fig . 7 B) . The first one is 
an unsorted brachiopods -lamellibranchs-crinoidal phosphatized biosparite with 
ammonites of the Aploceras avisianus zone (Aploceras avisianus (MOJS . )  I 

Proarcestes pannonicus, Ceratites hungaricus (MOJS. ) I determinated by 
R .  ASSERETO ) ;  this bed locally marks the avisianus-reitzi zonel usually 
placed either at the top of the lllyrian substage (ZAPFE I 1 974)  or at the 
base of the Fassanian (KOZURI 1 974 ; BALOGHI 1 98 1 ) . The second fossili­
ferous Ievel is a biomicrite with ammonites of the curionii zone (Protrachy-
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ceras cf . recubarense ( MO J S . ) ,  Pr . cf . gortani P I SA ,  Megaphyllites cf . 
;arbas ( M U N S T E R ) ,  Sagaceras cf .  walteri MOJ S . , Epigymnites melleri ( MOJS . ) ,  
Monophyllites c f .  wengenensis ( K L I PS TE I N ) ,  Sturia semiradiata MOJ S . ,  
Ptychites cf . u/higi MOJ S . ,  d e t e rm i na t e d  by H .  R I E B E R ) . Th e s e  s tra ta a r e 
th e r e for e pa s s i ng  l a t e ra l ly to th e ba s i n  fa c i e s , th e y  co n ta i n  two th i n  tuff i-
t ic b e d s o n  both bottom a n d top of th e m e d ia n sub nod u la r l im e sto n e .  Th e 
upwa rd p i nch a lo ng th is  l a t e ra l  fa c i e s  cha ng e is h idd e n by sc r e e .  l t  i s  
l ik e ly tha t both th e LK K a n d th e MKK u n its  g ra d e  l a t e ra l ly  to  th e fos s i l i ­
f e rou s fa c i e s . T h e r e for e ,  th e upp e r ca rbo na t e  st ra ta b u i ld i ng th e top of  th e 
C e r n e ra mou n t  a n d i ts w e st e r n footh i l l  ( P ia n d i  Pa ssa l iou ) w i th Diptopara 
annulata a n d a ssoc ia t e d  t ida l fa c i e s  ha d b e e n  d e v e lop e d  a bov e th e A n iso­
La d i n ia n ,  h e r e  1 1bl e n d e d 11 , d i sco n t i n u i ty s u r:-fa c e ; i t  i s  w e i l pr e s e rv e d i n  th e 
P i z  d e l  Corvo a r e a ,  but  ma y o n ly b e  co nc e iv e d  i n  th i s  w e st e r n pa rt ( f ig . 
7 C )  b e ca us e of t h i s  l oca l La � :H� ia n ca rbo na t e  ov e r la p .  · 

T h i s  compl e x  pa l e or e l i e f  h in d e r e d th e tuff it ic · supply com i n g  from th e 
south , but wa s s t i l l  a n  a ct iv e b iog e nous a r e a  o n  the oppos i t e s id e , du r i ng 
pa rt of th e L iv i n a l l o ngo Fo rma t io n .  T h i s  pa l e og e og ra ph ica l . cha ng e e x pla i n s  
th e va r iou s th ick n e ss e s  a n d d e cr e a s i n g  moda l it i e s  _of th e tuff i t ic s e qu e nc e s . 

F i na l l y , i n  sp i t e of th e Ia ck of outc rops ,  w e  b e l i e v e  tha t a row of 
compl e x  pa l e or e l i e fs form e d  a pa l e og e ogra ph ica l s i l l  b e tw e e n  th e C iv e tta south e r n  
a r e a  a n d th e P i z  da P e r e s  north e r n a r e a , d iv id i ng th e ba s i n  i n to two pa rts . 
T h is  would e x pla i n  th e occ u r r e nc e  of som e r e s e d i m e n t e d  ca lca r e n i t e s  i n  th e 
MK K of th e C h e rz a n  A n dra z r e g io n  ( h igh L i v i na l lo ngo Va l l e y )  a n d of th e 
Poz d e  Corva ra ( h ig h  Ba d ia Va l l e y )  a r e a s ( f ig . 8 ) . · 

l t  is a l so sugg e st e d  tha t th is  tra n sv e rs e  pa l e ostruc tu r e i s  a l so th e 
sou rc e of supply fo r th e b r e cc ia s a n d I im e sto n e b loc k s  e mb e dd e d i n  th e 
F e r na z za . "·S trom e a n d a ccumula t e d o n  th e north e r n  s id e of th e Va l l e y  
( Va rda , Mo n t e S i e f) d u r i ng th e Upp e r  La d i n ia n p l a tform b r e a kdow n .  A l l  
th e s e  outc rops l i e  fa r a wa y  from a ny oth e r  pos s ib l e sou rc e s  ( C ROS , 1 974) . 

T h i s  work i ng hypoth e s i s  ma y a l so e x pla i n  t h e occ u r r e nc e  of th e LPV 
o n l y  e a stwa rd a n d th e U PV s e q u e nc e s  o n ly w e stwa rd i n  th e north e r n pa rt 
of th e ba s i n  ( f ig . 4 ) . 

2 .  S e d im e n to logy of th e volca nog e n ic s e r i e s  

a )  T h e pyrotu rb id it e s  of th e 11 low e r  p i e t ra v e rd e 11 ( LPV ) 

I_h_�_s_u_�fll!i.!l��-PYI�l��!Lc_J!Q�.?- ( suba qu e ou s  py roc la st ic flows of F I SK E ,  1963 )  

T h e a u thor ha s g iv e n a p e t rog ra ph ica l a n d s e q u e n t ia l d e f i n it io n  of  th e sub­
ma r i n e py rocla s t ic f lows st i l l  co n s id e r e d  a s  a us e fu l  pa tt e r n a n d m e thodolog i­
ca l r e f e r e n c e . H e r e  th e so-ca l l e d  pyroturb id it e s  a r e l a rg e a cc umula t io n s  of 
ma ny tuff i t ic s e qu e nc e s  ma d e  of no n -w e l d e d  pa r t ic l e s , pum ic e ous  a n d f i n e  
b recc ia s ( 3-6 0  m th ick ) .  Th e y  a l t e r na t e w ith ord i n a ry turb id i t e s  a n d c i n e r i t ic 
11a sh -fa l l 11 d e pos it s . F J S K E  ( 1963 )  - .d e f i n e d  th r e e typ e s  d e p e n d e n t o n  th e 
r e la t iv e co n t e n t of d iv e rs e  l i th ic e l em e n t s ,  of a ng u la r pum ic e ous e l e m e n t s ,  
a n d o f  a c id g l a ss  c ha rds . T h e compos it io n  a n d fa c i e s  cha ng e s  support th e 
e rupt iv e e v e n t i n t e rp r e ta t io n ;  a py rotu rb id i t ic succ e ss io n  h e lps  to d e f i n e  

a volca n ic sta g e .  Accord i ng to th e k i n d of flow , t h e volca nog e n ic dy na m ic s  
ma y b e  r e l a t e d t o  th r e e co n tra st i ng typ e s  o f  u n d e rwa t e r  e ru p t io n s  com i ng 
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from e i th e r  a pow e rful phr e a t ic e rupt io n or 'a n  e rupt io n of v e s icu l a t i ng 
ma g ma ; f i na l ly it ma y b e  a n  e x plos iv e d e s i n t e g ra t io n  of a homog e naus body 
of J a va s ·, such a s  a dom e , or Ja va fl ows e n t e r i ng wa t e r . T h e r e m na n ts of 
subma r i n e  volca no e s  ma y b e  d e tec t e d  by th e ·  coa rs e st b r e cc ia s .  

W e  sha l l  u s e th e na m e  py rot u rb id i t e i n  a d e sc r ip t iv e wa y for a th ick  
volca n oc la s t ic s e q u e nc e  w ith a coa rs e or b r e cc ious ba s e  a n d g ra d e d-b e dd e d  
struc tu r e .  I ts compos it io n s  shows v e rt ica l fa c i e s  cha ng e s . F rom a g e n e t ic 
po i n t  of v i e w , ou r py rotu rb id i t e wa s bor n du r i ng a subma r i n e  or a suba e r ia l  
e ru pt i v e e v e n t  i n  a ma r i n e e n v i ro n m e n t .  

Th e ma i n  c ha ra c t e rs of a py rot u rb i d it e e vol v e a n d a r e i n t e rpr e t e d by 
a comb i n a t io n  of th e volca n ic dy na m i sm a n d th e ba s i na l hyd rody na m i sm ,  
r e su l t i n g from th e r e la t iv e pa l e og e og ra p h ica l d i spos �t io n  of th e volca n ic c e n t r e 
a n d of th e f i n a l d e pos i t-c e n tr e .  

���-"!e��s __ �f_p_yt:_�!_�t:_q�qi��.?- ( th e ma i n  s e qu e nc e  of th e l ow e r  p i e t ra v e rd e ) 

Th e LPV ma i n  s e q u e nc e  co n s i sts of a ba sa l i n tra torrna t io na l br. e cc ia , a coa rs e 
c ry sta l -tuff i t ic ba n d e d  low e r  pa rt  ( f ig .  6 A ) , a th ick  v it r ic c i n e r i t ic f i n e  
tuff it e w ith  ty p ica l cha rds of a c id v e s ic ul a t e d  g l a ss  ( H E I K EN , 1 9 72)  a n d ,  
f i na l l y ,  a v e ry f i n e  ra d iol a r ia n - r ic h  tuff i t e ,  th e top of wh ic h  e x h ib its  r ippl e s  
a n d co n vol u t e d  la m i na t io n s .  

Th e supply must  ha v e  b e e n  ra p id a n d cha ra c t e r i z e s  th e d e e p e r  pa rts 
of th e ba s i n a wa y  from th e volca n ic c e n t r e . T h i s  py rot u rb id it ic s e q u e nc e ,  
ma i n l y  of v itrocla s t ic cha ra ct e r , i s  fol low e d  by m ic ros e qu e nc e s  of p e l a g ic ­
tuff i t ic compos i t io n  w i th a c ry sta l -r ich tuff i t ic ba s i s a n d g ra d e d-b e dd i ng .  
Th e s e b e ds ma y b e  b ioturba t e d  or b iocla st ic ;  th e i r upp e r  ha l f  i s  ba n d e d  a n d 
p e la g ic . 

Ta k i n g i n to a ccou n t  th e py rotu rb id i t ic e vol u t io n a n d th e hug e vol um e 
( mor e tha n o n e cub ic k i lom e t r e  for th e ma i n  s e qu e nc e )  of py roc la st ic ma t e r ia l ,  
w e  th i n k tha t i t  r e su l t e d  from o n e importa n t  e rupt io n . 

T h e impos s ib i l ity of d e tec t i n g  i l\5  pos i t io n  i n s id e th e outc ropp i n g La d i n ia n 
ba s i na l d e pos i ts  I e a d s to pla c i ng th e volca n ic c e n t r e n e a r e r  to th e south but  
outs id e th e Dolomit e s . 

Th e subma r i n e tra n sport a lo ng th e p e l a g ic ba s i n s ' s lop e s  by d e n s i ty 
c u r r e n t s  ca us e d  th e py rot u rb id it e ; th e fol low i ng r e work i ng fo th e top of th e 
s e qu e nc e  m ix e d w i th suba e r ia l  c i n e r i t ic supply fa l l e n  dow n i n  th e ba s i n  a n d 
o n  th e n e a rby pla tform s ,  ca u s e d  th e m icros e qu e nc e s . 

Y�!"J��,?_p_y_r:_�f:_u_r:_�i_d_i_!�-��1?�.?-���!"!"J�g_j�_.!��-!-Jyl���Sl!lJl.�E�r'!l�!��'! ( Dolo-
m i t e s  a n d Ca r n  ic A l ps )  · 

A pa rt from th e c rysta l -v i t r ic py rot u rb id it e from Ca dor e w e  fou n d  a noth e r  
typ e of s e qu e nc e  i n  th e w e st e r n Ca r n ic A l p s ;  i t  i s  cha ra c t e r i z e d  by th e 
fr e qu e ncy of both a l t e r e d  a n d no n -a l t e r e d  I i th ic e l e m e n t s  i n  th e whol e 
succ e ss io n . T h is py rotu rb id it e , a l r e a dy m e n t io n e d  a bov e ,  forms a 23 m t h ick  
u n i t ,  corr e spo n d i ng  to  th e LPV l ithostra t ig ra ph ic u n i t .  A t  i ts  ba s e  i t  shows 
5 m of b r e cc iou s co ng lom e ra t ic tuff i t e ma d e  up of pla tform I im e sto n e e l e m e n t s , 
ov e rc rowd i ng a f e w  p e l a g ic a n d va r ious volca n ic l it h ic e l e m e n t s ,  such a s  · 

a c id a n d i n t e rm e d ia t e J a va s , w i th g l a ssy or m ic rol i th ic t e x t u r e s ; som e ha v e  
a n  ig n imb r it ic cha ra ct e r . Th e s e co n d  v e ry coa rs e fa c i e s  i s  roughly b e dd e d  
a n d mor e or l e ss  c e m e n t e d ,  proba b ly i n  r e la t io n  to th e d iff e r e n t fr e q u e ncy 
of th e squ e e z e d  a n d a l t e r e d pu m ic e ou s  Ia p i i i i ;  i t  i s  r ic h  i n  l i th ic e l e m e n t s  
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( 1 5  m ) . T h e th ird fa c i e s  is a 3 m th ick cry sta l a nd f i n e  tuff it ic p i e t ra v e rd e . 

T h i s  s e qu e nc e  ha s a mor e prox ima l  c ha ra c t e r  tha n th e f i rst  o n e ,  but  
i t  i s  s t i l l  d e pos i t e d  i n  a p e l a g ic t rough b e tw e e n  two pa l e or e l i e fs a s  show n by 
th e ov e r ly i ng MK K ( 1 3  m th ick ) .  T h e s e qu e nc e  i s  th i n n e r  northwa rd i n  th e 
Sa p pa da a r e a  a n d is d iv id e d  i n to two subs e qu e nc e s  e n r ich e d  i n  crysta l -v it r ic 
p i e tra v e rd e .  T h e m e t r e -th ick  b e ds of LPV from th e north- e a st e r n Ca dor e a r e 
a na l ogaus but  f i n e r ; th e y  co n st i tut e a d ista l outc rop of th is  spec ia l py ro­
t u rb id i t ic s upply . 

Th e suppos e d  volca n ic c e n t r e ha d to b e  v e ry n e a r  i n  a south wa rd 
d i rec t io n ; th e volca n ic e n v i ro n m e n t wa s d iff e r e n t both i n  pa l e og e og ra ph ica l 
pos i t io n ( suba e r ia l  to I i ttora l )  a nd py rocla s t ic to l a v ic compos i t io n . 

A th i rd ty p e of s e q u e nc e  ha s a l r e a dy b e e n  d e sc r ib e d  i n  th e c e n t ra l 
C a r n ic A l p s , i n  th e D i e r ico t roug h , b e tw e e n  Pa u l a ro u n d Tol m e z zo ( P rov . 
of U d i n e ;  C R OS & F R Y S SALAK 1 5 ,  1 98 2 ) . T h i s  pyroturbid i t e ,  u n k now n i n  th e 
Dolom i t e s , i s  ma d e  up of a v e ry coa rs e co ng lom e ra t ic b recc ia ( 3 m )  w i th 
p l a tfo rm I im e sto n e e l e m e n t s  a n d va r ious a c id a n d ba s ic ( sp i l i t ic Ja va s ) or  
ig n imb r i t ic e l e m e n t s . Th e s e  l a t t e r  volca n ic e l e m e n ts a r e fr e qu e n t i n  th e forth­
com i n g  b recc ia ( 5 m ) . T h e s e qu e nc e  i s  th e n  form e d  ma i n ly by a 30 m th ic k , 
v e ry coa rs e da rk g r e e n  tuffit e ,  e i th e r  of pum ic e ous  Ia p i i i i or of m ix e d  
pum ic e ous-c ry sta l fa c i e s . T h e top of th e s e qu e nc e  i s  ma d e  up by th e c la s s ica l ,  
a l r e a dy d e sc r ib e d , m e d ium to  v e ry f i n e  p i e t ra v e rd e  fa c i e s . 

Th e p e l a g ic d e pos i ts  of 11 Pia tt e n ka l k 11 ty p e cov e r  th is s e qu e nc e . T h e 
n a tu r e  of th e l i th ic e l e m e n ts ,  th e fr e qu e ncy of pum ic e ous  I a p i i i i a n d th e 
occ u r r e nc e  of ig n imb r i t ic e l e m e n ts  th roug hout th e coa rs e fa c i e s  po i n t out th e 
e x pl os iv e ph r e a t ic a n d S uba e r ia l  a c t iv ity of th e e rupt iv e c e n t r e .  l t  wa s compl e x  

a n d s i tua t e d  a lo ng a north e r n ,  e m e rg e d  ba s e m e n t r idg e .  

l n  a l l th e s e  e xa mpl e s , th e py rotu rb id i t e s  ma y b e  i n t e rpr e t e d  i n  pa l e og e o­
g ra ph ica l a n d volca nolog ica l t e rms . l f  w e  ta k e  i n to a ccou n t  th e r e la t iv e d ista nc e 
of th e c e n t r e , th e .  s e a -bot tom i rr e gu la r i t i e s , th e s e qu e nc e s  shou l d  b e  form e d  
by mor e or l e ss coa rs e of f i n e  py rocla s t ic ma t e r i a l ,  e n r ich e d  i n  d iv e rs e  ty p e s  
of pa rt ic l e s . Ea ch py rotu rb id i t e d e f i n e d  i n  th e pa l e og e og ra ph ica l fra m e work 
sugg e sts th e prec is e co n d i t io n s  of a n  i mporta n t  e rupt iv e e v e n t .  La t e ra l ly  it 
i s  r e p la c e d  by a c la ss ica l turb id it e ,  if th e r e work i ng co n d i t io n s  w e r e dom i­
na t i ng a ga i n st th e py roc la st ic a cc u mula t io n . T h e s e  r e wo'rk i n g co n d i t io n s  a r e 

·th e d r iv i ng  forc e s  i n  th e d i sta l a nd sha l low e r  a r e a s of th e ba s i n .  F i na l l y  th e 
r e pl a c e m e p t  i n  th e p e l a g ic r e a l m  of th e py rot u rb id it e s  a n d d e r iv e d  t u rb id it e s  
by eh e suba e r ia l l y  t ra n sport e d  c i n e r i t ic b e d s , · oft e n h e a v i ly  b e n to n  it i z e d ,  
compl e m e n t s  our k nowl e dg e  of th e ba s i n  bottom topog ra phy a n d th e e rupt io n 
c h ro nology v e ry w e i l .  

Th e i n t e rpr e ta t io n  of th e two py rotu rb id it e s  fou n d  i n  th e Dolom i t e s  
ma y b e  summa r i z e d  a s  fol lows : T h e f i rst typ e sugg e sts  a v e ry stro n g  e x p los iv e 
e rupt io n -pha s e , ma · i n ly  suba e r ia l  but  form i ng a t h ick py rocla s t ic sh e e t sur­
rou n d i n g co n t i n uou sly th e c e n t r e a n d s i tua t e d  ma i n l y  or tota l l y ·  i n  th e ma r i n e  
e n v i ro n m e n t .  

Th e s e co n d  ty p e ma y c ha ra ct e r i z e th e volca n ic Ia va e ffus io n  a n d th e n  
th e py roda s t ic e x plos io n a n d e x pla i n  th e occu r r e nc e  of ig n imb r it e s  a n d 
a bu n da n t  a sh -fa l l  S e d i m e n ta t io n ; tha t sugg e sts th e suba e r ia l  a ct i v i ty of a n  
e m e rg e d c e n t r e i n  a pl a tform e n v i ro n m e n t .  Th e s e  two d iff e r e n t c e n t r e s  s e e m  
to b e  sy nchro naus a n d s it ua t e d o n  th e sa m e  south e r n  volca nog e n ic r idg e 
thoug h not a t  th e sa m e  d i sta nc e from th e a c tua l outcrops . 
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b )  The tu rb id ites of the upper p ietra ve rde ( f ig . 6 B )  

These U PV seque nces resu l t  from a seco n d  volca noge n ic sta ge a n d ca n not 
be the mere rework i ng of a n  ol der py rocla s t ic depos i t . T he i r  stra t ig ra ph ica l 
repa rt i t io n a n d vol ume , the occu r re nce of va r io u s  Ieve l s of a ccret io n na ry 
J a p i l l  i suggest a success io n of m i nor  erupt ive eve nts . T h e  tu rb id i t ic cha ra cter 
of the seque nces i n  the V il la g ra n de sec t io n  were recog n ized ma ny yea rs a go 
( B A SE LLE & SAC E R DOT I ,  1 96 5) . l t  i s  l ess ev ide n t  for the seque nces of the 
C ia mpest r i n sec t io n . 

N eve rth el ess it i s  s t i l l  v i s ib l e  by a prec ise seque n t ia l a na ly s i s . l n  the 
l a tter  sec t io n  the seq ue nce s ,  0 ,  3- 1 0  m t h ick w ith a n  a vera ge of 2 m, show 
a ba sa l coa rse fa c ies  a n d a n  upper f i ne fa c ies w ith freque n t  g ra n uJometr ic 
b rea k s  betwee n them . The pela g ic i n terbed s a re sca rce a n d th i n .  These 
seque nces were l a id  dow n by a cha n nel  depos i t io n ,  supply i ng the tuff i t ic . 
sed ime n ta t io n  of the whole na rrow ba s i n ,  the n a ccu mu la ted i n  i t s  deeper 
pa rts . A t  the sa me t i me the pela g ic-t uff it ic a l te r na t io n s of V i l l a g ra nde ty pe 
a re ma de of coa rse cry sta l -tuff i t ic ma ter ia l ,  d isco n t i n uously depos ited i n  a 
la tera l a rea nea r the prev ious c ha n n el . 

The occu r re nce of coa rse co ng lomera t ic cha n nel depos its , i sola ted o n  
the P i z  del Corvo pa l eorel ief-fla n k  suggests the pos s ib i l  i ty a n d prox i m i ty of 
a mola sse- l ike t ra c t io n  tra n sport nea r the sha l l ower ma r i ne turbul e n t  ra nge 
a rou n d  t h i s  subma r i ne d i sco n t i n uous pa l earel ief or s i l l .  

T he reco n struc t io n  of the volca n ic dy na m ics  a n d ma gma t i sm l i n ked to 
the turb id i t ic py roc la st ic depos i t io n of the U PV is more d iff icu l t  beca use of 
the better fra ct io na t io n  of the py rocla st ic supply du r i ng  t ra n sport . T h e  
n u merou s seque nces a l ter na te i n  va r:-y i n g ma n ner  depe n d i n g o n  t h e  bottom 
morphol ogy . The n two d ive rge n t  supply ce n t res seem to ha ve m ixed the i r  
ma ter ia l .  We suppose the  f irst  a n d ma i n  ce n tre to  be south wa rd , out  of  the 
pela g ic ba s i n a n d a ssoc ia ted w i th a ba seme n t  r idge,  del iver i ng a terr ige nous 
sy nch ro nou s  supply . l t  seems to ha ve fur n ished ma i n l y  f i ne ma ter ia l suggest i ng 
some d ista nces from the ce n t re to the 'foppe a rea . O n  the other ha n d  the 
north-wester n sub s i d ia ry ce n t re ex pla i n s the coa rse tuff i t ic supply m ixed 
w ith the f i ne  o ne ;  it ma y be nea rer . 

F i na l ly ,  a s  supposed by F I SK E  ( 1 96 3) , ma ny sma l l  erupt ive eve n t s  
ex te n d i ng  for a l o ng  t ime fol low.ed b y  i n t ra ba s i na l  rework i n g ma y ex pla i n  the 
seq ue n t ia l d ispos i t io n . 

N evertheless , the petrog ra p h ica l a n a ly s i s of the cry sta l s  a n d l i th ic 
el eme n ts a l low some deta i led def i n  it io n . The occ u r re nce of a c id Ja va s  a n d 
ig n imb r i t ic l i th ic eleme n t s  m ixed w ith f i ne py rocla s t ic pa rt ic l es i n d ica tes the 
suba e r ia l wa y of eru p t io n before rework i ng .  T he sa me a ppl ies for the Je n t i­
c u la r pum iceous Ja p i l l  i fa c ies . T he pyrocla s t ic a c t i v i ty of the two prev ious 
ce n t res co n t i n ued d u r i ng  the U pper La d i n ia n depos i t io n  of · the Zoppe tuff i t ic 
member . 

T he l a tter ter r ige nous tuff i t ic seque nces show a n  ep ic l a s t ic coa rse 
fa c ies sou th of the Dolomites ; they a re f i ne a n d of l im i ted ex te n s io n w ith a 
more py rocla st ic cha ra c ter i n  the ce n t ra l L iv i na l lo ngo Va l ley ; they a re a ga i n 
coa rse-g ra i ned a n d of ep ic l a s t ic terr ige naus na ture i n  the northe r n  Va l Ba d ia 
( Pedra ces) . T h is  U pper La d i n  ia n evol u t io n  test if ies the tecto n ic a n d erupt ive 
evol u t io n  of a sou ther n volca noge n ic ba seme n t  r idge ( C RO S ,  1 979) . We ough t 
to poi n t  ou t now the roJ e of a norther n r idge wh ich g ives ev ide nce of the 
compl ex La d i n  ia n pa leogeog ra phy ( CROS , 1 98 2 ) . 
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S e qu e n t ia l compos i t io n of th e p i e t ra v e rd e  tuff i t ic u n i t s .  A :  s e co n d 11 ma i n  
s e q u e nc e 11 of th e L PV a s  a py rotu rb id it e ty p e ( Zopp e s e c t io n ) . D ia g ra mm e : 
a :  I a p i i i i a n d coa rs e v i t r ic t e ph ra ; b :  f i n e a sh e s ; c :  volca n ic l i t h ic e l e m e n ts ; 
d :  c ry sta l s ;  e :  g l a ss c ha rds ;  f :  ma t r ic e . B :  turb id i t e s  of th e U PV 
( C ia mp e str i n s e ct io n ) . 
Sy mbol s :  1 :  v e ry f i n e  p i e t ra v e rd e  w ith ra d iola r ia n s ;  2 :  g ra d e d  m icrocycl e s ; 
3 :  ca lca r e ou s  nodu l e s . 
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Compl ica t e d

. 
pa l e or e l  i e f  st ructur e of th e C e r n e ra - P i z  d e l  Corvo ma ss iv e . 

A: l oca l i za t io n  a n d I i tholog ie sk e tc h . 
Sy mbol s :  1 :  sc r e e a n d u n stud i e d  forma t io n ; 2 :  ca rbo na t e  b iog e nau s p la tform 
fa c i e s  of A n is ia n a n d La d i n ia n a g e  ( b e s id e th e da sh e d  l i n e corr e spo n d i ng  
to  th e suppos e d  bou n da ry b e tw e e n  th e two  i sopic forma t io n s  on  e i th e r  s id e 
of a h idd e n d i sco n t i n u i ty ) ; 3 :  L i v i na l lo ngo Forma t io n ; 4 :  a c id t uff i t e s  of th e 
Zopp e M e mb e r  a n d W e ng e n ba s ic tuff i t e s ; 5 :  suppos e d  La d i n ia n ca rbo na t e  
bou n da ry ; 6 :  suba e r ia l e ros io na l d i sco n t in u i ty ;  7 :  A n  i s ia n - La d i n  ia n ca rbo na t e  
Sup e rpos i t io n ( C : C o n t r i n Forma t io n ,  M :  Ma rmola da Forma t io n ) ;  8 :  c l a s t ic 
dyk e s  i n  A n is ia n ca rbo na t e s . 
B :  foss i l if e rou s s e c t io n  of th e Pu n ta d i  Zo n ia footh i l l a t  th e e n d of th e h e t e ro­
p ic to n g u e of th e pl a tform slop e s e qu e nc e  pa ss i ng to th e ba s i n  d e pos i ts . 
Fa c i e s  of th e stra ta : 1 :  dolom i t ic l im e sto n e ,  su ppos e d  to b e  of A n i s ia n a g e  
a n d of typ ica l pl a tform fa c i e s ; 2 : phospha t i z e d  da rk b ioc l.a s t ic I im e sto n e  
( 1 0  c m ) ; 3 :  f i n e  b iocla s t ic I im e sto n e  ( 1 m ) ; 4 :  coqu i n a -phospha t iz e d  b io­
spa r i t e w i th a mmo n i t e s  of th e a v i s ia n u s  zo n e  ( 0 .  8 m ) ; 5 :  q r e v  I im e sto n e  
go i ng from b iospa r i t e to b iom ic r it e ;  6 :  th i n ,  g r e e n  tuff i t ic I e v e l ; 7 a n d 8 :  
g r e y ,  sub nodul a r m ic r it ic I im e sto n e s  w ith a mmo n it e s  of th e c u r io n i i zo n e  
( 7 :  1 . 3  m a n d a n  upp e r  foss i l i f e rous  b e d ,  8 :  of 0 . 2  m ) , cov e r e d  by a 
m ic r it ic fa c i e s  ( 0. 9 m ) ; 9 :  s e co n d  th i n  tuff i t ic I e v e l  cov e r e d by a Pla tt e n ka l k ­
l ik e ba 11 d e d  fa c i e s , upp e r  pa rt dolom i t i z e d . 
C :  sc h e ma t ic c ross-s e ct io n  of th e compl e x  pa l e ar e l i e f  b e for e th e Zopp e M e mb e r  
tuff i t ic d e pos i t io n . 1 :  tra n sg r e ss iv e o n l a p of th e L iv i na l l o ngo Forma t io n ;  
2 :  I i tholog ie b e v e l l i ng of th e tuff i t ic u n i ts  a n d t ra n s i t io n  to th e o n la pp i n g 

. u n  it s ;  3 :  d i sco n t i n u ity surfa c e  w ith  c l a st ic dyk e s  cov e r e d  by th e Zopp e M e mb e r ; 
4 :  Low e r  La d i n  ia n h e t e rop ic Sup e rpos i t io n a bov e th e A n  i s ia n dolom it e ( 1 1h idd e n  
d isco n t i n u i ty " ) ; 5: h e t e rop ic cha ng e s  from th e Low e r  La d i n ia n pla tform slop e 
to th e L iv i na l lo n go ba s i na l s e qu e nc e s ; 6_: ba s i na l s e qu e nc e s  from C ia mp e st r i n .  
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1 1 1 PA LEOGEOGRA PHY A N D  SE D I MEN TOLOGY OF T H E  
PELAG I C  CALCA REOUS SE R I ES  

1 .  La t e ra l  fa c i e s  cha ng e ,  m e a n i ng of  th e ca lca r e ou s  fa c i e s  

a )  R e v i e w  of th e va r ious ba thym e t r ic i n t e rpr e ta t io n s  of th e p e l a g ic fa c i e s  

T h e ba thy m e t r ica l i n t e rpr e ta t io n  of th e h e t e rop ica l r e l a t io n s b e tw e e n  b io­
g e nous pla tform fa c i e s  a n d p e l a g ic ba s i n fa c i e s  is q u it e d iffe r e n t a mo ng g e olo­
g i s ts . Som e fa vou r  th e d e e p  ma r i n e  mod e l  ( B OS E LL I N I  & ROSS I , 1 974 ; 
GA E TA N I e t  a l . ,  1 98 1 ) ,  oth e rs support th e sha l low ma r i n e  mod e l  ( C R O S ,  1 974) . 

A n  a n sw e r  ma y b e  fou n d  by th e a na ly s is of p e la g ic s e d im e n t s . R e c e n t 
stud i e s  of A n iso-La d i n ia n d e pos its ( B EC H STADT & MOS T LE R ,  1 974 , 1 976 ; 
S EC H S TADT e t  a l . ,  1 976 , 1 97 8 )  ta k i n g i n to a ccou n t  th e m ic ropa l e o n tol og ica l co n ­
t e n t ,  ha v e  propos e d  a ba thy m e t r ic e vol ut io n from 1 00 m · i n  th e U pp e r  A n is ia n 
t i m e to mor e tha n 500  m i n  th e Low e r  La d i n  ia n .  O n  th e co n t ra ry , jo i n t e d  
fa c i e s  a n d m ic rofa u na l  a n a l y s i s  of th e h e t e rop ica l ca rbo na t e  pla tform a nd 
a dja c e n t ba s i n  d e pos i ts  of U pp e r  T r ia s s ie a g e  ( H O H E N E G G E R  & LO B I T Z E R , 
1 97 1 ; LO B I T  Z E R , 1 975) , for i n sta nc e ,  ha v e  fa vour e d  a sha l low, p e rha ps 70 m 
d e e p, e n v iro n m e n t for th e t ra n s i t io na l b iotu rba t e d p e la g ic fa c i e s . ZORN ( 1 970)  
ha s ·  p ropos e d  a sha l low ma r i n e or ig i n  for th e l a m i na t e d , no n-b iotu rba t e d ,  
e ux i n ic fa c i e s  of th e M iddl e T r ia s s ie of Lomba rdy , but th e a uthor po i n ts 

out tha t th i s  m ight  not b e  th e sa m e  for th e p e l a g ic fa c i e s  of th e Dolom i t e s  
ow i ng to th e st e e p s lop e s  of th e La d i n ia n r e e fs .  

Th e ba thy m e t r ic i n t e rp r e ta t io n  e sp e c ia l ly g iv e n a bout th e r e d  nod ula r 
I im e sto n e s  w i th a mmo n it e s  of Ha l l sta tt  ty p e  i s  ma rk e d  by th e sa m e  d iv e rg e n t 
op i n io n s  ( s e e B E R N O U LL I  & J EN K Y N S ,  1 9 74) . 

b )  Rol e of th e b iotu rba t io n  i n  th e p e la g ic fa c i e s  cha ng e s  

T h e s truc tu r e s  of th e g r e y  nodula r I im e sto n e s  ( " K nol l e n ka l k  ")  of th e Low e r  
La d i n ia n a r e k now n w e i l ( ROSS I ,  1 96 5 ) ; th e sa m e  a ppl i e s  for da rk ba n d e d  
I im e sto n e s  ( "P i a tt e n ka l k " ) , a l so ca l l e d  ca lca r e o- s i l  ic e ous rhy th m i t e s  ( ROSS I ,  
1 96 4 ) . Th e s e  p e la g ic fa c i e s  a r e q u i t e d iff e r e n t i n  th e i r colou r a n d d ia g e n e t ic 
compa c t io n . W e  sha l l  e mpha s i z e h e r e  th e importa nc e of th e b iotu rba t io n  
fr e qu e ncy a nd r e l a t e d  d ia g e n e t ic e ff e c ts  for th e p e l a g ic fa c i e s  e vol u t io n of 
th e " K nol l e n ka l k "  ty p e a n d th e " V e d e ssa na " typ e fa c i e s . O n  th e oth e r  ha n d ,  
th e da rk to bl a ck  Pla tt e n ka l k  typ e fa c i e s  shows f i n e  ba n d e d  o r  Ia m i na t e d  
u n d isturb e d  structu r e s  e xc e pt for sca rc e tra n s i t io n s  ( b iotu rba t e d Pla tt e n ka l k ,  
show i ng b iotu rba t e d  ca lca r e ous gr e y  · sa ndw ich b e tw e e n  Ia m i na t e d  fa c i e s ) .  
For compa r i so n  w e  ought  to po i n t out th e w e l l -k now n b iotu rba t io n  struc tu r e s  
i n  th e p e l a g ic J u ra s s ie a n d C r e ta c e o_u s s e d i m e n t s  ( s e e ELM I , 1 98 1 ) a n d 
e spec ia l ly i n  th e co n d e n s e d  fa c i e s  a n d om iss io n surfa c e s  ( B ROM LEY , 1 97 5 ) . 
T h e y  ha v e  b e e n  muc h  l e ss d e sc r ib e d a n d i n t e rp r e t e d  i n  th e La d i n ia n p e l a g ic 
fa c i e s . N e v e rth e l e ss ,  th is  d i sc r im i na t io n  b e tw e e n  two d iff e r e n t b iofa c i e s  ma y 
b e  v e ry importa n t .  Th e ca r e fu l  corr e l a t io n s  of th e l i tholog ica l tuff i t ic a n d 
p e l a g ic u n i ts  support such a n  a tt e mpt  to r e cog n i z e  th e pa l e og e og ra ph ica l 
r e pa rt i t io n  of th e b iotu rba t io n  e ff e c t .  Th e I i tholog ica l c o n d e n sa t io n ,  c l a s s ica l l y  
a tt r ibut e d  t o  th e nodul a r I im e sto n e s , s e e ms t o  b e  of th e sa m e  ord e r  o f  ma g n  i ­
t u d e for th e P l a tt e n ka l k  a n d th e V e d e ssa na ty p e fa c i e s . 
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Paleogeog ra ph ical ma p of the LPV ( A )  and U P V (  B , C ) d istribution . A :  the th in 
a r rows show the supposed ma rine way of suppl y ; the thick a r rows poin t out 
the b iocla stic resedimentation from adjacent occurring or supposed platforms . 
Symbol s :  1 :  ma in thic kness l ines of the LPV ( ma in sequence) ;  2 :  way of 
pyroturb idi tic tran spor t ;  3 :  calca ren ite resedimenta t ion ; 4 ,  5,  6: supposed 
( 6) o r  proved ( 4) palearelief or s i l l s  and adjacen t pla tforms ( 5) . 
B :  U PV heteropy . · 
Symbol s :  1 :  supposed way of tuffitic supply from a southern volcanic cen tre ; 
2 :  from a north-western cen t re ; 3 :  megabreccia of the Ferna z za Formation ; 
4: fine upper p ietra verde ; 5 :  coa rse r upper pietra verde ; 6 :  nodular I ime­
stone of the u pper Knollenka l k  ( U K K ) in the north-eastern Dolomites and 
western C a r n ic A l p s .  

· 

C :  loca l repa rtit ion of the va rious u pper p ietra verde an'd heteropic upper 
Pla tten k a l k  a round ·the Marmolada I Cerriera - P i z  del Corvo a n d  Monte C rot 
massives . 

· 

Symbol s :  1 a n d  6 :  paleorel iefs ; 2 :  calca reous pela g ic sed iments ; 3 :  bevel led 
tuffitic U PV sequence s ;  4 :  V i l l a g ra n de type sequences ; 5 :  C iampestrin type 
sequences ; 7: intraformational b recc ia s ;  8 :  An i so-Ladin ian d i scordance 
( C R O S ,  1 974} and a ssocia ted polygen ic breccia s ;  9: erosion zones of the 
Livinal longo Formation du ring the U pper Lad i n ian Ferna z za depos it-sta g e ;  
1 0 :  C :  coa r se tuffitic fac ies ; F :  f i n e  tuffitic fac ies . 



c )  B iofa c i e s  zo na t io n  i n  a r e c e n t  ma r i n e  ba s i n  

R HOADS & MORSE ( 1 97 1 ) a n d B Y E R S  ( 1 9 77)  ha v e  e mpha s i z e d  th e b iot ic e vo­
l u t io n  of th e s e a -bottom commu n it i e s  i n  r e s tr ict e d  or sta g na n t  ma r i n e ba s i n s .  
T h i s  r e pa rt i t io n  of th e b e n th ic sh e l l e d  e p ifa u na s a n d th e a ct iv i ty of r e s is t e n t 
i n fa u na s  a r e a r ra ng e d  a lo ng a ba thy m e t r ic prof i l e a n d ma y b e  r e cog n i z e d  i n  
th e foss i l  record s .  T h e ir r e pa r t i t io n  i n  such ba s i n s  i s  q u it e d iff e r e n t compa r e d  
w i th th e op e n  s e a ba s i n s .  T h e occu r r e nc e  of a sub ma r i n e  s i l l  i s  cruc ia l for 
th e wa t e r  sta g na t io n . So th e d issol v e d  oxyg e n  or ig i na l ly pr e s e n t  is r e mov e d  
by ox ida t io n  of orga n ic ma tt e r  ( B Y E R S ,  1 977) . T h e wa t e r  col um n i n  a n  
e nc los e d  ba s i n shows a t r ipa rt it e l a y e r i ng ( f ig . 9)  a n d th e b iofa c i e s  c ha ng e s  
r e su l t  from t h i s  oxyg e n-co n t e n t-va r ia t io n . T h e a uthor a ppl i e s  th is b iofa c i e s  
pa tt e r n of e ux i n  ic ba s i n s  to som e pa l e ozo ic N orth A m e r ica n s e r i e s . Th e 
r e st r ict e d  wa t e r  c ircu l a t io n  i n duc e s  th e loca l i za t io n  of a n  " e rob ic b iofa c i' e s " 
i n  th e sha l low wa t e r  t u rbu l e n t r e a l m ,  w h ich i s  w e i l m ix e d  by surfa c e -wa v e s  
a n d c u rr e n ts . T h e a e rob ic b iofa c i e s  i s  cha ra c t e r i z e d  by ca lca r e ous  e p ifa u na s 
a n d t ro ng ly b ioturba t e d s e d im e n ts i n  subt ida l sh e l f d e pth s .  Th e d e e p e r  " dy s­
a e rob ic b iofa c i e s " ma y b e  d e t e rm i na t e d  by a d i ssol v e d  oxyg e n  co n t e n t 
d e c r e a s i ng i n  qu i e t  wa t e r . 

T h e r e  i s  no bottom ca lca r e ous e p ifa u na but  th e s e d i m e n t is b iotu rba t e d 
· d u e to th e a c t iv i ty of r e s ist e n t i nfa u na .  T h e d e pth e xt e n s io n of th e b iofa c i e s  

i s  d e f i n e d by th e low e r i ng of the oxyg e n  co n t e n t u n d e r  0 .  2 ml / I . U n d e r  th is  
b iofa c i e s  bou n da ry th e "a n a e rob ic " zo n e  ha s n o  b e n thos a t  a l l ,  th e s e d i m e n t 
i s  u n d isturb e d . T h e f i n e ,  da rk mud a n d p e la g ic s h e l l s  s e tt l e from susp e n s io n . 
T h e la m i na e a r e  w e i l p res e rv e d  a nd oft e n e n r ic h e d  i n  orga n ic ma tt e r . B Y E R S  
( 1 977 )  ca l l s  th e dy sa e rob ic zo n e "pyc n oc l i n e " , b ut w e  sha l l  not us e t h i s  t e rm 
b e ca us e w e  a r e not a b l e  to d e t e rm i n e  a ny sa l i n i ty o r  d e n s i ty stra t if ica t io n ;  
w e  i n f e r  o n ly  a n  oxyg e n  co n t e n t e vol u t io n . 

!?�J_tl_y_f!!�!�i�_ �]<_t_e!l_�i�!l-�L.!��-�_y-�a-�r:_���-_f��lE!�_leY�!l�l�'!E!_�!.-�Y_E_�?_! _l!!T!l 
i n  som e rec e n t ma r i n e  ba s i n s  - --------- -------------------

W e  do not wa n t  to g iv e too much e mpha s i s to th e ba thy m e t r ic e x t e n s io n  of 
th e b iofa c i e s  r e a l ms i n  va r ious r e c e n t  ma r i n e  ba s i n s ;  w e  ought  to r e f e r  to 
R H OA D S· & MOR SE ( 1 9 7 1 ) a n d B Y E R S  ( 1 97 7 ) . for a b iofa c i e s  i n t e rpr e ta t io n .  
B Y E RS cla ims tha t th e dy sa e rob ic zo n e  of th e B la c k  S e a e x t e nds  from 50 m 
tö 1 50 m d e pth , but  tha t ma y b e  much l e ss i n  s ma l l  e p ico n ti n e n ta l sha l low 
s i l l e d  ba s i n s .  R HOA D S  & MORSE e mpha s i z e tha t ,  if th e s i l l l s  a r e d e e p e r  a n d 
th e ma rg i na l ba s i n  s mor e "op e n 11 oc e a n wa rd , for i n sta nc e I ik e som e ba s i n s  of 
th e C a l ifor n ia G u l f ,  th e dy sa e rob ic zo n e  is mor e e x pa n d e d , th e low e r  bou n da ry 
or wa t e r  m ix i ng d e pth is s i tua t e d  n e a r  th e s i l l  d e pth ( 500- 700 m ) ; such a 
d e pth of th e a na e rob ios e bou n da ry ma y cha ra ct e r i z e th e oc e a n · ma rg i n .  T h is 
e ux i n ic mod e l  of b iofa c i e s  e vol u t io n  s e e ms to b e  w e i l a pp l ica b l e to th e La d i n ia n 
p e la g ic ba s i n  of th e Dolom i t e s . 

2 .  S e d i m e n tolog ica l i n t e rpr e ta t io n  of th e b iofa c i e s  cha ng e s  

a )  B a thym e t r ic va r ia t ion s of th e dysa e rob ic zo n e  

T h e v e rt ica l S tra t ig ra ph ie e vol u t io n from o n e b iofa c i e s  to a noth e r  ma y b e  
i n t e rpr e t e d  e i th e r  by a va r ia t io n  of th e d e pth of pa rt of th e ba s i n  a lo n e , 
w ith a co n sta n t  b iofa c i e s  bou n da ry , or by a twofo ld  va r ia t io n  of th e ba s i n-
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d e pth a n d th e zo na l e x t e n s io n . T h e ba thy m e try of th e low e r  bou n da ry of th e 
dysa e rob ic r e a l m ma y cha ng e w ith th e wa t e r  c ircul a t io n  pa tt e r n i n  th e ba s i n  
a n d a bov e th e s i l l s ,  wh ich a r e  outs id e th e outc ropp i ng ba s i n (.f ig . 9} . 

T h e La d i n ia n t ra nsgr e s s io n i s  a g e n e ra l  proc e ss i n  th e A l p s  a nd w e  
po i n t out i ts  importa nc e i n  ou r pa l e og e og ra p h ica l r e co n struc t io n . T h e b e g i n ­
n i n g t ra n sg r e s s io n  i n va d e d th e d e form e d  a n d e rod e d  U pp e r  A n is ia n ca rbo na t e  
p l a tforms ;  th i s  ca us e d  sha l low ma r i n e  a e rob ic a n d dysa e rob ic wa t e r  l a y e rs 
a n d a sha l low a na e rob ios e bou n da ry . D u r i ng  th e t ra n sgr e ss io n ,  th e i nc r e a s i n g 
d e pth of th e ba s i n  a n d s i l l s ,  e sp e c ia l l y  of e u sta t ic or ig i n  ( B RA N D N E R , 1 978} ,  
l e d to a d e e p e r  a na e rob ios e bou n da ry i n  th e La d i n ia n ba s i n a nd so , w e  sha l l  
s e e l  t o  a g r e a t e r  _ e x t e n s io n  o f  th e b iotu rba t e d  nodu la r l im e sto n e s . 

b }  Appl ica t io n  of th e b iofa c i e s  pa tt e r n to th e Dolom i t e s  La d i n ia n ba s i n  

Th r e e succ e ss iv e s ta g e s  of e vol u t io n  ma y b e  recog n i z e d :  
F i rst sta g e : 
Th e v e rt ica l ra p id t ra n s i t io n  from th e pl a tform or from th e U pp e r  A n i s ia n 
p e l a g ic ba s i n  to th e L iv i na l lo ngo Forma t io n  is g e n e ra l ly  a n d l oca l l y  a ssoc ia t e d  
w ith tecto n ic b recc ia s ( C ROS , 1 97 4 ;  LAG N Y , 1 974 ) : T ha t i s  th e f irst  sta g e  
of th e La d i n ia n t ra n sg r e ss io n . T h e ·  da rk low e r  Pl a tt e n ka l k ,  som e t im e s  b itum i nous , 
is a l wa y s  d e pos i t e d l e xc e pt i n  th e north- e a st e r n Ca dor e wh e r e th e b iotu rba t e d  
V e d e ssa n a  fa c i e s  occu rs . T h e i nfl u e nc e  of th e a dja c e n t ca rbo na t e  pla tform is  
ma rk e d  by b"iocla s t ic r e s e d im e n t e d  fa c i e s  i n  th e south e r n a n d north e r n ba s i n  
a r e a s .  T h e t e rr ig e naus supply s t i l l occu rs i n  th e north- e a s t . T h i s  m e a n s  a 
ba thy m e t r ic g ra d i e n t ;  th e north- e a st e r n ba s i n bottom wa s  sha l low e r . N e v e r­
th e l e ss ,  th e a n e rob ic bou nda ry i s  not " suppos e d  to b e  d e e p , s i nc e  th e Pla tt e n ­
ka l k  b iofa c i e s  outcropp i ng i n  th e north-w e st e r n a r e a , a dja c e n t to th e C e r n e ra 
Mou n t  ( Mo n t e Por e s lop e )  l i e s  o n  a da rk Da syc la da c e a e - r ich fa c i e s . T h i s  
low e r  u n i t i s  b e v e l l e d o n  th e C e r n e ra - P i z  d e l  Corco U pp e r  A n is ia n pa l e a­
r e l i e f . Th e s e  a n a e rob ic co n d it io n s  w e r e  th e ru l e i n  a s e m i -c los e d , i r r e gu la r 
ba s i n com i ng from th e t e c to n ic e vol u t io n  of th e C on t r i n  ( or U pp e r  S e rl a ) 
pla tform b e for e th e t ra n sg r e s s io n  . 

. Th e f i rst  tuff i t ic LPV d e pos i ts  ha v e  b e e n  q u ick ly  a n d l a rg e l y suppl i e d  
i n to t h is d e e p e r  p e l a g ic ba s i n ( l e ss tha n 1 00 m d e e p ) by protu rb id i t ic volca n ic 
e v e n t s . 

Seco n d  sta g e : 
Th e nodula r I im e sto n e  b iofa c i e s  u n i t s · LK K a nd M K K  a r e e x t e n d e d  through th e 
whol e ba s i n  d ur i n g  th e s e co n d  ma i n  py rotu rb id i t e of th e LPV . T h e b ioc la s t ic 
r e s e d im e n ta t io n  com i ng from th e a dja c e n t pl a tforms r e ma i n e d  e ff e c t iv e o n ly 
southwa rd a n d north-w e stwa rd , but  th e f i n e  t e rr ig e naus  supp ly stopp e d  
e v e ry wh e r e . 

Loca l l y , i n  th e n °  41 5 ,  6 s e c t io n s l  th e LK K cov e rs e i th e r  d i r e c t ly  
a noth e r  dy sa e rob ic sha l low fa c i e s  ( of V e d e ssa na typ e ) or  a n  a e rob ic P la tt e n ­
ka l k  � i n t e rca la t io n  I wh ich b r i n g s  out i n  r e l i e f th e loca l ly short e r  a n d la t e r  
form e d  pa ssa g e  u nd e r  th e a n a e rob ios e bou n da ry i n  th i s  n orth- e a s t e r n pa rt  
of th e ba s i n  d u r i n g  th e e n d of th e f i rst sta g e : th is  f i rst sta g e  of d e e p e n i n g 
occ u r r e d  h e r e  la t e r  tha n e l s e wh e r e . A s  w e  ha v e  s e e n  I th e b ioturba t e d  LK K 
d e pos i t io n  is g e n e ra l i z e d  u nd e r  th e ma i n  s e qu e nc e  of th e LPV ( 80 m th ick ) ; 
so ·w e  ha v e  suppos e d  a pha s e  of d e e p e n i n g of th e dysa e rob ic co n d i t io n s .  

T h i s  s e co n d  p e la g ic sta g e  of dysa e rob ic b iofa c i e s  Ia s t e d  for a lo ng t im e 
du r i ng  th e L K K  a n d th e M K K  s e d im e n ta t io n . T h e a e rob ic b iog e naus a lga l 
e nv iro nm e n t st i l l  occurr e d  o n  th e a dja c e n t La d i n ia n p l a tforms a nd loca l ly  
s e tt l e d o nc e mor e on  th e top of  th e C e r n e ra pa l e or e l i e f . During trat time the sl ightly 
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8 iofa c i e s  r e pa r t i t io n pa tt e r n i n  a ba s i n "c los e d  by a sub ma r i n e s i l l . 
A: b iofa c i e s  stra t if ica t io n  ( 8 Y E R S ,  1 977 ,  mod if i e d ) for th e 8 1 a ck S e a . 
8 :  sk e tch of · th e suppos e d  e vol u t io n of th e s e a  I e v e l  d r iv e n e i th e r  by a 
e u sta t ic co n trol ( N M 1 ,  N M 2 )  or by a s i l l  d e pth i nc r e a s e  ( 5 1 ,  5 2 ) . 

P l a t e  1 :  • 

1 :  nod u la r l im e s to n e .  T h e i n t e r nodula r d ia g e n e t ic da rk ma tr ix do e s  not 
ca nc e l  too much th e or ig i na l f e a tu r e s . T h e v e rt ica l m ix i n g of th e m ic r i t ic 
a n d sh e l ly fa c i e s  corr e spo n d s  to a b iotu rba t io n  e ff e ct .  W h i t e I i n e  = 3 mm . 
2 :  b iotu rba t e d  h e m ip e l a g ic I im e sto n e b e tw e e n  nodula r I im e s to n e b e d s i n  a 
11 m ix e d-fa c i e s 11 ,  cha ra c t e r i z ing th e pla tform's  out e r  e dg e s , not mod if i e d  
by d iff e r e n t ia l compa c t io n .  W h i t e l i n e = 2 mm . . 
3 :  s i l ic e ous I im e sto n e  11P i a tt e n ka l k "  w ith Daonel/o a n d ra d iola r ia n s  no n b io­
turba t e d . T h e compa c t io n  e ff e c t just  e n ha nc e s  the o r ig i na l Ia m i na t io n s .  
W h  i t e I i n e  = 800  m icrom e t r e s . 
4 :  s i l ic e ous  da rk Pl a tt e n ka lk  w ith ra d iola r ia n s  no n b iotu rba t e d .  W h it e l i n � 
8 0 0  m icrom e t r e s . 
5 :  b iotu r ba t io n f e a tu r e ( top : l e ft ) , w e i l i n d iv idua l i z e d  by t h e e a r ly c e m e n ­
ta t io n ;  a n  i n t e r n a l  s e d im e n t f i l l s  th e r e m na n t  void . Sa mpi e com i ng  from a 
h e m ip e la g ic ca lca r e n i t e  ( 1 1V e d e ssa na fa c i e s 1 1 ) su ppos e d  to b e  sha l low e r  tha n 
th e l ow e r· nodula r l im e s_to n e .  W h i t e l i n e =  800  m ic rom e tr e s . 
6 :  op e n e d  b iotu rba t io n  f e a tu r e ( top l e ft )  w e l l-ma rk e d  by th e e a r ly c e m e n ­
ta t io n  a nd th e i n t e r na l  s e d im e n t f i l l s  th e l ow e r  void com i ng from a h e m ip e la g ic 
ca lca r e n i t e  ( V e d e ssa na fa c i e s ) ,  suppos e d  to b e  of sha l low e r  or ig i n  tha n 
th e l ow e r  n odu la r l im e sto n e .  W h i t e l i n e  = 800  m ic rom e tr e s . 
7 :  b ioturba t e d  Daonella b iom ic r it e ,  M K K . W h it e l i n e = 8 0 0  m ic rom e t r e s . 
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d e e p e r  a dja c e n t  pa l e ar e l i e f  ( P i z  d e l  Corvo) wa s cov e r e d  by th e o n la pp i ng 
dy sa e rob ic b iofa c i e s  or pa ss e d  l a t e ra l ly  to th e a e rob ic foss i l if e rou s a nd a l ga l  
l im e sto n e s . T h is pa tt e r n supports th e a ss e rt io n  tha t th e n odula r I im e sto n e s  
w e r e  form e d  o n  q u i e t , v e ry mod e ra t e ly d e e p  bottoms ,  h e t e rop ic w it h  a n  a e rob ic 
b iofa c i e s  a lo n g  mod e ra t e  s lop e s . O n  th e oth e r  ha n d  w e  ha v e  s e e n  tha t the 
p e rma n e nc e  of ba s i na l b iotu rba t e d  b iofa c i e s  d ur i n g th e lo ng  t im e of hug e 
south e r n tuff i t ic supply ( LPV ) e mpha s i z e s  th e la rg e r  ba thy m e t r ic e x t e n s io n  
of t h i s  s e co n d  sta g e  dy sa e rob ic r e a l m .  T h i s ba thy m e t r ic i nc r e a s e  i s  k now n 
i n  th e whol e Dolom it e s  a n d Ca r n ic A l ps  t i l l  th e D i e r ico a r e a  ( w e st of Po n t e bba ) 
du r i n g  th e Low e r  La d i n ia n .  W e  th i n k tha t t h i s  d e e p e n i n g wa s mod e ra t e ; w e  
sugg e st ,  a s  a work i ng  hy poth e s i s ,  a ba thy m e t r ic va l u e l e ss tha n 300 m ,  w h ic h  
i s  not fa r from a n  a v e ra g e  va l u e o f  th e d e p�h o f  th e dysa e rob ic zo n e  i n  th e 
B Ia ck S e a mod e l ,  pl a c e d  i n  a much too m uch co n t i n e n ta l pos i t io n ,  a n d th e 
G u l f  of Ca l ifor n ia mod e l , p la c e d  i n  a much too m uch p e r ioc e a n ic pos i t io n . 
Of cou rs e ,  th e d e pth suppos e d  a bov e wou l d  b e  tha t of th e · sha l low e st ·  s i l l s  
i n  th e whol e La d i n ia n ba s i n .  

T h ird s ta g e : 
I t cor r e spo n d s  wo th e U pp e r  Pl a tt e n ka l k  u n  it wh ic h  i n d ica t e s  tha t th e a n a e ro­
b ic ,  d e e p e r  co n d it io n s  e x t e n d e d  throughout th e ba s i n ,  e v e n a bov e th e form e r  
bord e r i n g b iog e naus p l a tforms or th e loca l a e rob ic pa l e ar e l i e f . 

T h e b ioc la st ic r e s e d im e n ta t io n  d isa pp e a r e d ,  e xc e pt i n  th e north w e st e r n 
a r e a . T h i s  is a n e w  pha s e  of th e La d i n ia n t ra n sg r e s s io n  a n d d e e p e n i n g .  B u t  
th e dysa e rob ic " K nol l e n ka l k "  ma i n ta i n e d  d ur i ng th e · t u rb id i t ic d e pos i t io n  of 
th e UPV i n  th e a dja c e n t w e st e r n Ca r n ic A l p s  ( c f .  n °  4 s e ct io n ,  R igola d i s a n d 
R io Sa ppa da s�c t io n s  c f .  f ig . 8 ) . T h i s  pr e dom i na n t  d e e p e n i ng du r i ng  th e th ird 
sta g e  i s  a ssoc ia t e d  w ith som e tecto n ic i n sta b i l ity of th e pl a tform out e r  pa  rt  
a n d ba s i n tra n s i t io n s ;  th i s  d e e p e n i ng fol lows a two- s t e p- e vol ut io n i n  th e c e n t ra l 
a r e a ,  f irst w ith th e occu r r e nc e  of b r e cc ious s t ra ta i n  th e U PK a n d th e n  w ith 
th e F e r na z za b r e cc ia a n d ol i stostrom e ( C ROS , 1 974 ; V I E L ,  1 979)  a t  th e e n d 
of th e upp e rmost La d i n ia n .  I n s id e th e ba s i n th e s e  tecto n ic e v e n ts  a r e ma rk e d  
by i n t ra torrna t io na l fra c t u ra t io n  or s l ump i ng d e forma t io n  a n d b recc ia t io n ,  
wh ich prov e s  th e seco n da ry e ffect of th is  t e c to n ic pha s e  ( C R O S ,  1 9 6 7) .  

G E N E RA L  C ON C LU S I ON 

T h e s tra t ig ra ph ic study of th e L i v i na l lo n go Forma t io n  po i n ts  out th e ma i n  
I i tholog ie tuffit e s  a nd p e la g ic u nüs a lr e a dy d e f i n e d  i n  th e l ta l ia n Dolom it e s . 
Th e d e ta i l e d d e scr ipt io n  of th e n u m e rou s  fa c i e s  a n d th ic k n e ss-cha ng e s  of th e 
p i e t ra v e rd e  a n d a dja c e n t p e la g ic s e d im e n t po i n ts out th e two sta g e s of pyro­
c l a st ic a c t iv i ty com i ng from a ma i n  south e r n c e n t r e wh ich i s  suppos e d  to ha v e  
b e e n  outs id e th e Dolom it e s . Som e sub s i d ia ry c e n t r e s  support e d  d i s t i nc t pyro­
c l a st ic a n d e p ic l a st ic suppl  i e s  com i ng  f i rst  from th e south- e a s t a n d th e n  from 
th e north-w e st .  

Th e pa l e og e og ra ph ica l d i str ib u t io n  of th e ma i n  tuffÜ ic u n i ts d e p e n ds on 
th e ba s i n  bottom morphology a n d th e a dja c e n t pl a tform d e v e lopm e n t . T h e low e r  
py rotu rb id it e s  a cc u mul a t e d  i n t e n s iv e ly· i" n th e south- e a st e r n pa rt of th e ba s i n ,  
up to th e i n t e r na l  sha l low bottom ar e a  of th e C e r n e ra - P i z  d e l  Corvo , th e y  
a r e th e n  sca tt e r e d  a s  a n  i sopa chou s sh e e t ( th e " ma i n  s e q u e nc e " ) i n  th e d e e p e r  
c e n t ra l -w e st e r n L iv i na l l o n go a r e a s ;  th e y  d isa pp e a r i n  th e sha l low e r  north e r n 
a n d w e st e r n a r e a s wh e r e  th e y  a r e r e p la c e d  by th i n  c i n e r it ic t e ph ra b e d s .  
T h e r e  i s  a l so a mod if ica t io n  north- e a s twa rd by th e m ix i ng of two typ e s  of 
py rotu rb id i t e s  of d i st i nct or ig i n .  T h e bottom morphology ha d b e e n  mod if i e d  
du r i n g  th e upp e r  volca n ic sta g e ,  a s  show n by th e tu rb i d i t ic l a y e rs r e pa r­
t i t io n . Th e tecto n ica l ly sha p e d  Dolom i t e s  ba s i n  ca u s e d  a d i st i nct t u rb id i t ic 
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d isp e rs io n pa tt e r n ,  compa r e d  w ith th e a dja c e n t w e st e r n Ca r n  ic ba s i n .  I ts 
e a st e r n pa rt i s  ma rk e d  by a d e c r e a s e  of th e tuff i t ic supply com i ng  from th e 
sou th . Th is r e g io n s  s e e ms to b e  d is t i nct  from th e e a st e r n sy nch ro naus 
supply b e ca us e of  a g e n t l e s lop e or  s i l l  co n n e c t i ng  i t  w i th th e Ca r n ic A l ps .  

T h e py rotu rb id it e s  a r e ca us e d  by a f e w  b ig e ru pt iv e e v e n t s ; th e tur­
b id i t e s  show a mor e co n t i n uou s e vol u t io n . T h e compa r i so n  of s e v e ra !  py rotur­
b i d it e s  a lo ng th e whol e Low e r  La d i n ia n ba s i n  m ig h t  I e a d to  a ·  b e tt e r  d e f i n i t io n  
of th e i n t r ica t e d  volca nog e n ic a nd pa l e og e og ra ph ica l e vol u t io n s .  

T h e p e l a g ic u n i t s  corr e l a t io n  fa vours  th e r e la t i v e ba thym· e t r ic i n t e rpr e ­
ta t io n  ba s e d  o n  th e b iocla st ic or b recc ious r e s e d im e n ta t io n  a n d o n  th e b io'­
tu rba t io n . 

Th e th r e e a e rob ic , dy sa e rob ic a n d a na e rob ic b iofa c i e s  ha v e  a pa l e og e o­
g ra ph ica l r e pa rt i t io n  wh ich i s  d e duc e d  from th e s e d im e n tolog ica l mod e l  sugg e st e d  
by th e compa r i so n  w ith r e c e n t  s i l l e d  ma r i n e e ux i n ic ba s i n s .  

Th e i n t e rpr e ta t io n  of th e b iofa c i e s  r e la t io n sh ip supports th e d i s t i nc t io n 
of a th r e e s ta g e s  e vol u t io n  of th e Low e r  La d i n ia n tra n sg r e ss io n . T h e succ e ss io n  
of b iotu rba t e d  a n d u nb ioturba t e d  b iofa c i e s  ma y r e su l t  from a prog r e ss iv e 
i ncr e a s e  of th e s i l l  d e pth a n d of th e prop e r  d e pth of th e e nc los e d  p e la g ic 
ba s i n .  

T h e ba thym e t r ic e nv i ro n m e n t sugg e st e d  by th e compa r i so n  w ith  r e c e n t  
ma r i n e  ba s i n s  ma y i nc r e a s e  from mor e tha n 5 0  m t o  3 0 0  m for th e g r e y  nodu la r 
I im e sto n e s , ta k i n g i n to a ccou n t  th e h e terop ica l r e la t io n s  i n  th e Dolom i t e s  ba s i n .  
Th is po i n ts  out th e pa l e og e og ra ph ica l importa nc e of th e subma r i n e s i l l s  a n d 
a ssoc ia t e d  e m e rg e d r idg e s , d iv id i ng th e La d i n ia n ba s i n  a n d s e pa ra t i ng i t  from 
th e op e n  T r ia s s ie s e a  or oc e a n .  Th e tecto n ic e vol u t io n  of suc h pa l e og e og ra ph i­
ca l I i n e a m e n t s  ma y b e  d e c iph e r e d  by th e t e rr ig e naus supply a na l y s i s ,  th e 
na tu r e a n d r e pa rt i t io n  of th e l i t tora l a n d co n t i n e n ta l fa c i e s  surrou n d i ng  th e 
s i l l s  or r idg e s . T h e r e cog n it io n  of th e py roc la s t ic c e n t r e s ' loca l i za t io n  a n d 
th e i r a ct iv i ty a lo n g or n e a r  th e s e  r idg e s  ought to b e  a n  importa n t  prog r e ss 
i n  docum e n t i ng us a bout th e d e e p  st ructura l a n d ma g ma t ic e vol ut io n of th is  
u n sta b l e  ma rg i na l La d i n ia n ba s i n .  
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