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Riassunto. Lo scopo del presente lavoro è la definizione del

contesto cronostratigrafico della Formazione di S. Cassiano interdigi-
tata con i depositi clinostratificati di scarpata della piattaforma cassia-

na del Gruppo di Sella. Sono state studiate numerose sezioni, sia dal
punto di vista sedimentologico che biostratigrafico; tre di queste, si.

tuate in prossimità dei passi Sella e Gardena, hanno fornito faune a

Conodonti stratigraficamente significarive, attribuibili alla Zona a die-

beLi sensu Krystyn (1983), indicativa della pane piu alta del Ladinico
superiore. Ne consegue che la piattaforma cassiana del Sella, che in
base ai rapponi geometrico-stratigrafici è necessariamente coeva ai de-

positi bacinali della Fonnazione di S. Cassiano, è anch'essa di età

ladinica terminale (in contrasto con la tradizionale attribuzione al

Carnico). Dal mornento che vari lavori hanno documentato l'esisten-
za, nell'area delle Dolomiti, di piattaforme carbonatiche posr-vulcani-
che pii) z,ecchie (es.: i Denti di Terra Rossa) e più giwani (es.: le piat-
taforne del Nuvolau e del Lagazuoi), sì possono trarre le seguenti
conclusioni: a) le successioni post-vulcaniche e cassiane delle Dolomi-
ti sono decisamente pi,ì complesse e caraftertzzafe da pirì generazioni
di piattaforme di quanto non si ritenesse; b) un modello stratigrafico-
sequenziale del Ladinico superiore-Carnico delle Dolomiti, basato su

due sole generazioni di piattaforme cassiane, non è ulteriormenre so-

stenibile; c) la cornplessità stratigrafica delle Dolorniti occidentali nel
Ladinico-Carnico è fonemente controllata dal segnale tettonico (che

sovrasta quello eustatico), e quindi il modello sequenziale che si può
costruire in quest'area non è proponibile come standard globale.

Abstract. The strarigraphy and age of the S. Cassiano Forma-
tion outcropping around the Sella Massif (Dolornites, Nonhern ltaly)
were investigated. The unit interfingers with slope deposits penai-
ning to the Cassian carbonate platform of the Sella Massif. Several

stratigraphic sections were analyzed from a sedimentologic and bio-
stràtigraphic perspecrive. Three sections (Sella Pass Ia and Ib, Garde-
ne Pass) yielded stratigraphically significant conodont faunas refera-
ble to the diebeli Assemblage Zone sensu Krysryn (1983) of latest La-

dinian age. Therefore, the Sella Cassian Platform traditionally regar-

ded as a typical Carnian buildup, is also latest Ladinian in rge. The
occurrence of post-volcanic carbonate platforms older (e.g. Denti di
Terra Rossa) tnd younger (e.g., the Nuvolau and Lagazuoi platforms)
rhan the Selle Platform, suggests thet: a) the post-volcanic and Cas-

sian succession of the Dolomites is far more compiex than traditio-
nally thought and b) a sequence stràtigraphic model of the Middle-

Upper Triassic of the Dolomites based on two generations of Cassian

platforms is clearly inadequete to describe the actual successlon,

lntroduction.

The Sella Massrf consists of an isolated, atoll-like,
deeply dolomitized carbonate platform (Cassian Dolo-
mite), overlain by the horizontal beds of the Raibl and
Dolomia Principale Formations, respecrively Late Car-
nian and Norian in age (Fig. I and 2). Due to irs spec-

tacuiar exposure and almost complete absence of tecto-
nic deformation, the Sella Massif has been the object of
several studies, and its depositional geometries and the
stratigraphic relationships between basin and platform
sediments have been well defined (Mojsisovics, 1829; Re-

ithofer, 7928; Leonardi & Rossi, 1957; Bosellini et al.,
1980; Boselliní, 1982; 1984; Kenter, L990; Bosellini Ee

Neri, 1991).

The studies cited above clearly demostrated that
the Sella Platform is an isolated buildup, composed
mainly of clinostratified slope deposits (breccias and me-

gabreccias), radially prograding from a central nucleus
represented by an undated, probably Eariy Ladinian,
carbonate core (Bosellini & Neri, 1991). The clinoforms
interfinger at the base with the S. Cassiano Fm., which
consists of aiternating marly pelites, platform-derived
calciturbidites and olistolith swarms, and blackish sand-
stones derived from the erosion of volcanic areas.

The age of the Sella Platform and coeval S. Cassia-
no Formation has been regarded as Ladinian-Carnian by
Leonardi (1967). The subsequent recognition of different
generations of carbonate platforms (pre- and post-volca-
nics, Bosellini & Rossi, 1974) led to rhe idea that the
"Cassian" platforms (post-volcanics) pertain to the Car-
nian. Some authors, however, (e.g., Assereto et a!., !977;
Bizzarini & Braga, 1982; Fois Er Gaetani, 1980) followed
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the works of early German geologists (Mojsisovics,
1829; Ogilvie, 1893; Ogilvie Gordon, 1929) and distin-
guished a lower member of the S. Cassiano Fm. of Late
Ladinian age and an upper member of Carnian age. As a

consequence, a portion of the Cassian Dolomite is con-
sidered Upper Ladinian in age.

Recent interpretations of the sequence strati-
graphic organization of the Cassian succession (Bosellini

Er Doglioni, L988; Masetti et a1., 1991; Bosellini, 1991;

De Zanche et a1., 1993) are based on two generations of
Cassian platforms.

In the present paper, v/e supply age data for the
Cassian successions of the Sella Massif based on cono-
donts and supported by the ammonoid findings repor-
ted by Neri et al. (1.994), Mietto & Manfrin (1995a,b)

and Baracca (1996).

The S. Cassiano Formation around the Sella Massif.

The San Cassiano Formation consists of pelites

and marls alternating with micrites and gravity-displaced

carbonates (calciturbidites and debrites) derived from the
adjacent Cassian platforms. Variable amounts of volcani-

clastic turbidites, fed by remnant, inactive volcanic

highs, may be intercalated in the succession. The volca-

niclastic content is quite low in the type area of the for-
mation (S. Cassiano, Pralongià, Stuores $fliesen) or in
the sorroundings of Cortina, while it is significant to
the west (i.e., southern slope of Sasso Piatto Mt., we-

stern flank of Sella Massif), near the Buffaure-Monzoni
P redazzo volcanic district.

On the basis of volcaniclastic content and overall

stntigraphic organization, three kinds of successions,

characterrzing different areas, may be recognized within
the S. Cassiano Formation surrounding the Sella Massif

(Fig. i)
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Fig. 2 - Simplified geologic map of the Sella Massif, showing the
location of the stratigraphic sections. The post-Cassian for-
mations have been omitted. Ia and Ib, Sella Pass sections;
II, Murfreit section; III, Gardena Pass section; IV Val Me-
sdì section; V, Campolongo Pass section. Key: 1, direction
of progradation of the Sella Platform; 2, tnce oÍ the strati-
graphic sectionsl J, faults; 3r, ovenhrust.

1. The western sector (i.e., Selle Pass, Fig.2) is characterized
by a poorly exposed succession consisting of alternating marl, marly
to pure micrite, bioclastic calcarenite and breccia, and olistolith
swarms, locally organized in thickening- and coarsening-upward (CQ
sequences (lr4asetti et al., 1991). This succession overlies a volcanicla-
stic sequence penaining to the rVengen Formation, from which it is

separated by an horizon about 25-30 m thick consisting of turbiditic
coarse sandstones and conglomerates. with carbonate and volcanic
clasts, alternating with lens-shaped ruditic debris flows and carbonate
olistolith swarms (Fig. 3 and 4). The S. Cassiano Formation of this
area contains a significant amount of volcaniclastic sandstones and mi-
croconglomerates. The volcaniclastic input increases southward, resul-

ting in a \lengen-like succession that interfingers and panly replaces

the S. Cassiano Formation, which is usually more rich in carbonate
lithotypes.

2. The S. Cassiano Formation of the nonhern flank of the

Sella Massif (from Murfreit to Colfosco, Fig. 2) contains a thick chan-
neled megabreccia body (Gardena Megabreccia), described by Bosellini
et a1. (1980), Bosellini (1982; 198a) end Bosellini 6c Neri (1991). h
consists of several megabeds formed by chaotically arranged carbonate

olistoliths and ranges in thickness from a few tens of metres (Gardena

Pass) to about 200 m (Murfreit). The Gardena Megabreccia subdivides

the S. Cassiano deposits into two units, underlying and overlying the

megabreccia respectively (Fig. 5).

The lower unit consists of an acyclical alrernation of shales,

marls, carbonate and volcanoclastic turbidites, ruditic debrites, Ienses

of carbonate megabreccia a few metres thick. The prominent charac-

teristic of this succession is the frequent occurrence of: a) chaotic or
poorly organized gravity-displaced deposits (slump deposit, mud-flov',
debris-flow); b) unconformities related to slump and slide scars; c)

small tensional synsedimentary faults with metre-size tenical displace-
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ment, sutured by turbidites or pelite layers. All these features may be

regarded as evidence of remarkable synsedimentary tectonics, probably
related to the Triassìc activity of the Gardena Pass Fault (Bosellini &
Doglioni, 1988; Bosellini 6c Neri, 1991).

The upper unit of the S. Cassiano Formation, a few tens to
about 100 m thick, consists of an organized succession of marls and

carbonates, forming small CU sequences, in turn piled up according to

an orerall CU trend that reflects the progradation of the overlying
carbonate platform. At the base, the sequences are represented by peli-

tes evolving upward to micritic limestone (mudstone and wackestone)

with rninor turbidites. In the upper pan of the unit, the CIJ sequences

are capped by coarse amalgamated calciturbidites and finally by olisto-

lith swarms. Volcaniclastic sandstones may occur but are quite rare.

3. The eastern and southeastern sectors of the Sella Massif,

from Corvara to Arabba (Fig. 2), are characterized by stratigraphic suc-

cessions very similar in facies pattern and venical evolution to the S.

Cassiano Formation of the type area. These successions consist of piles

of thickening, coarsening-upward cycles, a few metres thick, composed

in the lower pan by pelites and marls that grade upward to micritic
limestones (interpreted as periplatform mud, Masetti et al., 1991) and

then to calciturbiditic units. The volcaniclastic input is negligible and,

in general, the terrigenous colnponent is almost exclusively repre-

sented by pelites. As a whole, the succession constitutes : major CU
sequence, reflecting the progradation of the carbonate platform. The

thickness of the succession varies greatly, from about 600 m (Arabba

section, southwestern side of the Livinè valley) to a little more than
1OO m @ec da Rozes section, northeastern side of the Livinè valle,v,

Fig. 2), According to Bosellini er rl., (tesl) this rbrupt change in thic-
kness is due to the synsedimentary activity of the Livinè Fault, that
strongly controlled the thickness of the volcanic succession (mainly

represented by volcanic-derived clastics) and Vengen-S. Cassiano (p.p.)

formations, and was eventually sutured by the Sella buildup.

The data outlined above indicate that the sedi-

mentary features of the Cassian succession in the inve-

stigated areà are cleariy influenced by synsedimentary

tectonics as well as by the inherited paleogeography (i.e.,

the iocation of the relic volcanic highs undergoing ero-

sion). As a result, the basin deposits show remarkable

lateral facies changes over a very shor-t distance, It is the-

refore very difficult to physically correlate the S. Cassia-

no successions around the Sella Massif and aiso to trace

unambiguously the lithostratigraphic boundary between
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Fig. 3 - Field sketch of the geometri-
cal relationships between the
S. Cassiano Formation (sec-

tion lb) and the Sella Plat-
form at the Sella Pass.

l) S. Cassiano Formation
2) Cassian Dolomite

the volcaniclastic-dominated rVengen Formation and the
carbonate-dominated S. Cassiano Formation. This bound-
ary is diachronous and consequently prevents the estab-

lishment of a reliable subdivision of the S. Cassiano Fm.
into members of regional extent.

The stratigraphic sections and the Conodont faunas.

Several stratigraphic sections, iocated in the north-
ern and eastern sectors of the Sella Massif, from the Se1-

la Pass to Arabba (Fig. Z) were investigated. Three of
these sections (Sella Pass Ia and Ib; Gardena Pass; Fig. 4

and 5) yielded significant conodont faunas, evenly di-
stributed from the the bottom to the top. A further sec-

tion (Arabba) gave only scattered and poor conodont
assemblages, substantially confirming the age data from
the Sella and Gardena Pass sections. Other sections mea-

sured and sampled at Pordoi Pass, Corvara and Bec da

Rozes (Fig. 2) were barren of conodonts. Bec da Rozes

yielded ammonoid faunas indicative of the Regoledanus

Zone (Neri et aI., 1994;Baracca, 1996).

Sella Pass sections. Th'o panly overlapping sections from
the Sella Pass area were measured (Fig. 2,3 and 4). Both are composed

at the base of coarse volcaniclastic sandstones with ruditic lenses, con-

taining volcanic clasts and carbonrte olistoliths. This unit is followed
upward by cyclic alternations of marly pelites and marly to pure lime-

stones (mudstone and wackestone). Following a rough corrsening-up

trend, the top of the incomplete section Ia and the middle-upper part

of section Ib are characterized by the occurence of coarse bioclastic

calciturbidites. The upper pan of section Ib also contains several car-

bonate olistolith svuarms and eventually grades into the clinostratified

slope deposits of the carbonare platform. Volcaniclastic sandstone and

microconglomerates occur repeatedly in both sections.

The basinal deposits of section Ib are clearly interfingered with

the clinostratifi"d ,lop" deposrts of the Selh Platform (Fig. 3) that is
here characterized by climbing progradation (Bosellini, 1984). From

the geometric relationships it is apparent that the age of the Sella

Platform is necessarily the same age of the S. Cassiano Formation.
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Eleven samples collected from the two sections (Fig. a) yielded

stratigraphically significant conodonts. The fauna includes:

Budurw ignatbus mungoens is (Diebel)

Budurwignathus diebeli (Kozur 6c Mosrler)

Budurou ignatb us m o st L e r i ff.ozur)
Budurnignathus cf . longobardiczs (Kovacs)

Budurouignatbus sp.A

GIad igondo lelLa teúrydis (Huckrreàe)

Gladigondolella malayensis malayensis Nogami

G ondo lella foltata inc linata Kovacs

Pseudofumishius nrurcianus praecursor Gtllo & Kozur

Mietto 6c Manfrin (1995a) reponed the occurrence in this sec-

tion of ammonoids of the Regoledanus Subzone sezsz Mietto and

Manfrin.

Gardena Pass section. The S. Cassiano Fm. of the Gardena

Pass section contains the Gardena Megabreccia, that subdivides the

formation into the two units described above (Fig. 5). The lower unit
is about 80 rn thick but its base is not exposed. The upper unit is

almost completely covered and, as for the lo*e. unit, its thickness is

not precisely determinable; its base , however, is represented by cyclic

irlternations of marly pelites and micritrc limestones.

Six samples collected below and above the Gardena Megabrec-

cia yielded the following conodont fauna (Fig. 5):

B udurou ignathus mungo ens is (Diebel)

Budurwignathus diebeli (Kozur & Mostler)

Budurwignatbus mo stleri (Koz\r)

G ladigondol el la tetlry dk (Huckriede)

G I ad igondolcl la n talayens is n a lay ensis Nogami

Reithofer (1928, p. 542) reponed a specimen of Traclryceras re-

goledanun (sic) frorn Col de Masores, corresponding to the upper prn
of the Gardena Pass section described here. Mietto & Manfrin (1995a)

reponed rhe occurrence of ammonoid faunas referable to the Regole-

drnus Subzone tnd Daxatina cf. canadensís Subzone sensrz Mietto and

Manfrin from the same section.These subzones correspond respecti-

vel,v to the lower and upper part of the Regoledanus Zone sensu Kry-

styn (in Zapfe, 1983).

Gonodont biostratigraPhY.

No significant biostratigraphic variation in the co-

nodont fauna was observed in the investigated sections.

This can be explained by a high sedimentation rate Pro-
ducing thick sequences deposited during the time span

of a single conodont zone.

The conodont association of both Sella and Gar-

dena Pass sections is characterized by Ladinian elements

snch as: Buduroaignathus mungoensis, B. mostleri and B.

diebeli. Specimens oL Pseudofurnish ius murc ianus praecur-

sor 
^re 

present in sample PS 6 (Sella Pass section).

Gullo & Kozur (1991) recognized three zones in

the Late Ladinian-Early Carnian, on the basis of the

evolutionary trend observed within the genus Pseudofur-

nishius. The zones correlate well with the conodont

standard zonation of Kozur (1980). In particular' accor-

ding to these authors P. murcianus praecttsor is the iast

representative of the bi-platform specimen type and it is

indicative of the higher Longobardian.

According to the zonal scheme of Krystyn (1983)

the fauna may be attribuited to the Late Ladinian and

specifically to the upper part of the dìebeli A'Z', which

corresponds to the Regoledanus Zone (Late Longobar-

dian) (Fig. 6). In the Epidaurus (Greece) sequence .8.

mostleri and B. diebeli are distinctive of the Late Longo-

bardian and disappear at the base of the Carnian toget-

her with B. mungoensls (Krystyn, 1983). The presence of
B. diebeli in the Late Longobardian has been reported

also from the Himalayas (Chhabra & Kumar, 1992).

Kozur (1980, 1989) maintains, on rhe basis of
data from the Apuseni Mts. (Romania), that B. diebeli is

not present in the rnungoensis A.2., but it is restricted

to the Cordevolian (: Sutherlandi - Aonoides Zones)

(Fig. 6), where it occurs together wíth Metapolygnathus

polygnathrfornls (Budurov & Stefanov) and M. adpole

(Hayashi).

On the contrary, Krystyn (1983) considers the ap-

pearance oÍ B. diebeli, aîd M. polygnathformis diachro'

nous events, starting from the Late longobardian and

the base of the Carnian, respectively. The appearance of
M. polygnatiformis rs considered isochronous with that

of Trachyceras aon.

Data from the Dolomites seem to confirm Kry-
styn's (1983) conclusion. Since in the Dolomites B. die-

Aell is associated with B. mostleri and B, mwngoensis aîd
never with M. polygnathiformis, the latter occurring in
beds containingT aon (Neri et a1.,7995).

Systematic Paleontology

Genus Budurooignathus Kozur, 1988

1973 Carinella Buduror-, p.799.
1988 ScpbardieLla March er J., p. 2.47.

T;'pe species: Polygnatbus nnngoensis Diebel, 1956

Budurovignathus diebeli (Kozur & Mostler, 1971)

Pl. 1, fig. s-8

1971 TàrclogondoLella dìebcli Kozur & l\4ostler, pp. 13-1'1, pl. 2' fig. 1'

: \non rtg, J).

1975 Epigondolella diebeli - Krystyn in Kristan-Tollmann Ec Krystyn'

p. 273, pl. 2, lig. 5-7, pl. 3, fig. 5 (non Íig 6).

1980 Metapolygnatbus diebeh - Kov.tcs tc Kozur, pl. 7' frg. 9; pl. 10,

fíg. 7-9 .

l98O Carinella diebeli - Krystyn, pl. i 1, fig. 6.

1983 "EpLgondolalla" diebeli - Krystyn, pl. 8, fig. 7-9.

1987 CarineLladiebeli- Vrielynck, pp' 123-124, pl. 1, fig. 13-15.

L989 Bndurnignatbus diehcli - Kozur, pl 12' fig. 3.

D9a CarineLla diebeli 'Budurov & Sudar, p. 214, pl. 3, fig. 1-8.

1994 Budurw-rgnatbus díebeLi - Neri er rl., pl. 1' fig. 5.

1995 Buduroarynathus diebeli - Neri et rl., pl. 2, fig 2-a.

Remarks. The holotype ol B. diebeli illustrated by

Kozur & Mostler (I97I, p|.2, fig. 1) shows strong nodes

developed on both m'argins of the platform and a broad

and approximately rectangular posterior end- Some of

our specimens (e.g., Pl. 1, fig' 5) have a more rounded
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Fig.4 - Sella Pass stntigraphic sec-

tions and distribution of co-

nodont species. See Fig. 2 for
location. CD, Cassian Dolo-
mite. Symbols: see Fig. 4.

Symbols: 1) ciinostratified
slope deposits of the Cassian

Dolomite; 2) olistolith
swarms; 3) carbonate breccia;
4) volcaniclastic turbidites; 5)

carbonate, mainly bioclastic,
turbidites; 6) micritic lime-
stone; 7) pelites and marls; 8)

covered interval; 9) slumps;
1O) conodont sample.

platform posterior end similar to the specimens from
Greece illustrated by Krystyn (1983, pl. 8, fíg.7,8) and
referred to B. diebeli.

The outline platform of these specimens resem-

bles that of B. longobardicus (Kovacs) but they have

more rounded and stronger marginal denticles than B.

longobardicus. Both forms with a rounded or recrangular
platform occur in the same samples. Microreticulation
covers most of the platform, including nodes, and it is

absent only in the adcarinal area. The keel is commonly
bifurcated posterior to the pir.

Range. Upper Longobardian (Regoledanus Zone),
diebeli A.Z. (Krystyn, 1983). Late Ladinian-Early Car-
nían (rnungoensis A.Z. - diebeli A.Z.) (: the uppermost
part Maclearni - Sutherlandi - Aonoides Zones Kozur &
Mostler, l97I; Kozur, 1980; Kozur & Kovacs, 1980; Bu-
durov & Sudar, 1990).

Budurovignathus cf. longobardicus (Kovacs, 1983)

Pl. 2, fís. 6

cf.1983 Maapolygnatbus longobardicas Kovacs, pp. 115-116, pl. 6, fig. 1.
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Remarks. The specimens studied share some stmt-

larities with B. longobardicus, having parallel platform

margins, the posterior part of the platform lacking mar-

ginal nodes and a broad platform end. They differ from

B. longobardicus in having rounded anterior marginal no-

des (two on each side) that do not continue in ridges

toward the carina. Furthermore, in lower view, the ba-

sal cavity is relatively more broad and flat and has only

slightly raised edges.

Range. At present this species is known only

from Upper Longobardian in Northern Flungary'

Budurovignathus mostle ri (Kozur, 197 2)

PI. 2, fig. 1-3

1972 EpigondoLeLla rnostleri Kozur in Kozur & Mock, pp' 9-10, pl' 1'

fig. 8.

l98O Metapolygnathus ntostLeri - Kovacs & Kozur, pl 8' fig 4'

1983 MetapoLygnatbus mostleri - Kovacs, pl. 6, fig' 2'

7983 "EpigondolelLa" mostleri - Krystyn, pl. 8, fig a-6'

lgg2 "Epigondolella" diebeLi - Chhabra & Kumar, pl' 4, fig' 10'

1994 Budurnignathus ntostLeri - Neri et al., Pl. 1, fig 3

1995 Budurnigtzathws tttostleri - Neri et al., pl 2, ftg' 11'12'

Remarks. A Budurcntgndthus with a symmetrical-

ly pointed platform to the Posterior end; discrete, thin,

sharp marginal denticles and a Prominent continuous

carina that extends to the Posterior end of the unit' The

symmetrical platform of B. mostlerl differs from that of

B. n'tungoensls which has one posterolateral lobe more

strongly developed than the other and stronger' more

rounded marginal nodes, absent on the Posterior

piatform.
The platform outline of. B. mostleri is similar to

that of B. japonica japonica (Hayashi) from which B'

mostleri would have developed according to Kozur (in

Kozur & Mock, 1972, p. 1O). B. rnostLeri can be distin-

guished lrom B. japonica japonica by the Presence of

denticles on the platform margins.

B. Iongobardicws has a broad, undenticulated

platform end and marginal nodes developing into ridges'

Range. Upper part of the Longobardian (Regole-

danus Zone pars.) tpper part of diebeli A.Z' (Krystyn,

1983). Upper Longobardian - Cordevolian (Sutherlandi -

PLATE 1

Upper Ladinian conodonts from Sella Pass (PS) and Gardena Pass (PG) sections'

Fig. 1a-b

Fig. 2, 3a-c

Aonoides Zone$ nlunglensis A.Z. - mostleri L,Z.or die'

beli A.Z. sensuKozwr 1980.

Budurovignathus mungoensis (Diebel, 1956)

Pl. 1, fig. 9-10

1956 Polygnatbus mungoensis Diebel, pp. 431-432; pl. 1, fig. 1-20; pl'

2, ftg. I-4; pl. 3' fig. 1; Pl. 4' fig. 1.

1.970 Epigondolella rnungoensk - Huddle, p' 127, fig. 2a-h-

1973 Thrdogondolella nurgoensis ntungoensis - van den Boogaard &
Simon, p. 17, pl. 1, fìg. c; pl. 2, fig. a-b.

798a Metapolygnathus mungoensis - Kovacs & Kozur, pl. 7 , fig' 3 .

1989 Buduroaignathus mungocnsis - Kozur, p. 417, pI' 11, fig. 5' pl.

13, fig. 1.

799A Buduro',tignathus mungoensrs - Sadeddin, p. 376, fig' 5 3 (cum

ryn.).
l99O SephardielLa mungoensis - March et al., p. 198, pl i, fig. a-p.

1994 Budwwignathus nungoensis - Neri et al., pl. 1' fig. 1.

7995 Budurrnignathus mungoensls - Nert et al., pl. 2, fìg.7'9

Remarks. The strong asymmetry of the posterior

platform distinguishes this species from the other Upper

Ladinian - l,ower Carnian sPecies.

The specimens studied show the typical features

of B. mungoensisi a marked asymmetric platform with
marginai nodes, and a distinct free biade and basal cavi-

ty shifted in the anterior third of the platform' The lar-

ger development of one of the posterolateral lobes di-

stinguishes this species from B' dtebeli, in which the

platform margins are straight towards the posterior end.

In transitional forms between these two species there is

a tendency to develop a posteriorly continuous carina

with an increase in size of the marginal nodes. The ten-

dency of the marginal nodes to extend in ridges towards

the carina and to form the second posterior lobe with

the beginning of a bifurcated loop appears rather pro-

nounced in some sPecimens.

Range. Late Ladinian worldwide (Mosher, 1968)'

Middle to Late Longobardian (upper Gredleri to the uP-

per part of the Regoledanus Zones) mungoensis A'Z'
(Krystyn, 1983). According to Kozur (1980), Kozur &
Kovacs (1980) this species extends from the Upper Ladi-

nian to the Cordevolian (Archelaus - Aon Zones)'

Budurovignathus sp.A

Pl. 2, frg.7-9

Gladigond.oLeLLa malayenns rnaLayensis Nogami. 1a) Upper view; lb) lower view; PG 47; x lOO'

GondolelLa foliata incLinata Kotacs. 2) ufper rie*; PS 2; x 110. 3a) upper vren'; 3b) lower view; 3c) lateral view; PS 4; x

1 10.

Fig.4a-b - Gladigondolella teùrydis (Huckriede). 4a) upper view;4b) lateral view; PS 9; x 130'

Fig. 5, 6, 7a-b, 8a.c - Budurwignatb* d;ibrl; iKo"'. & t'lorit"ù.'s) Upper view; PS 10; x 100' 6) Lower vien'; PG 47; x 100 7a) Upper vrew;

7b) uppei-lateral view; pG 47; x 1OO. ga) upper view; 8b) 
.lower 

view; 8c) lateral view; PS 3; x 120.

Fig.9a-c, 10 - Budur*ign*,tbus nrungoensis (Diebel). l") úip.. ti.*;9t) Iower view;9c) lateral view; PS 10; x 100 10) upper view; PS

11; x 100
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Diagnosis. A Bwdwrwignathus characterized by

prominent, rounded denticles present only on the ante-

rior platform margins (two on each side), and a flat,
broad, undenticulated posterior platform with a promi-
nent, large denticie that dominates the centre of the po-

sterior platform. This denticle is completely separated

by a space from the last carinal denticle.

The carina, composed of large denticles, ends at

about half of the platform length. A small pit is located

beneath the anterior third of the platform; the keel is

wide and flat with slightly raised edges.

Description. Slightly asymmetrical platform, with
two denticles on the anterior margins. The posterior

piatform is flat, broad and undenticulated, with a pro-

minent, large denticle in its centre. This denticle is com-

pletely separated by a large space from the last carinal

denticìe.
A microreticulation covers the margins of the

platform, including the marginal denticles, but it is ab-

sent in the adcarinal area. The free blade shows its maxi-

mum height in the anterior part and is composed of
four or five denticles that form a convex crest. The cari-

na is composed of large denticles that end at about mid-

length of the platform. In profile, the unit is arched and

turned down anteriorly.
The lower surface has a small pit in the anterior

third of the platform and the keel is wide, flat with sii-

ghtly raised edges. Large elements (e.g. Pl. 2, fig. 9) show

an increased platform with posterolateral expansion.

Remarks. Budurwignathus sp. A differs frorn Bw'

duroaignathus longobardiuzs in having a broad posterior

platform with one prominent denticle at its centre, and

rounded anterior rnarginal denticles. Furthermore, in
profile the former is much more arched posteriorly. .8.

mungoensis and .8. diebeli have a denticulated platform

and a continuous carina that extends to the posterior

end of the piatform.
Range. Upper Longobardian (diebeli A'Z^ sensu

Krystyn, 1983). Buduroatgnathus sp. A occurs in associa-

tion with Buduroaignathus mungoensis, B. mostlerl, B. c[.

longobardicus and Gladigondolella tethydts.

Gondolella foliata inclinata Kovacs, 1983

Pl. 1, fig. 2-3

PLATE 2

lJpper Ladrnian conoclonts from Sella Pass (PS) and Gardena Pass (PG) sections

1983 Gondolella t'oliata inclinata Kovacs, pp. 110-112, pl. 1, fig. 1-4;

pl, 3, fig. 2-4 (cum syn.)

1983 GondolelLa inclinata - Krystyn, p. 239, pl. +, fig. l, 2; pl. 5, fig.
1, 2; ? pl. 3, fig. 5.

1987 Gondolella inclinata - Vrielynck, pp. 140-141, pl. 4, f;g. 4-9.

1.99A ParagondolelLa inclinata - Catalano et al., pl. 2, ftg.2.
799A ParagondolelLa foliata - Budurov & Sudar, p. 210, pl. 1, frg. 3-6

(holotype of G. foliara inclinata).
1.992 Neogondolella inclinata - Chhabra Ec Kumar, p1. a, fig.8-11, 13,

tf.
L994 NeogondoLella foliata incLinata - Neri et al., pl. 1, fig. 4.

7995 NeogondoleLlafoliata inclinata - Neri et al., pl. 2, fig. 10, 1,4,20.

Remarks. The specimens studied show the typical
characteristics of G. foliata incltnata. They are slender,

elongated with thickened upturned margins and a basal

edge always arched before the pit.
According to Kovacs (1983, p. 111) G. foliata incli-

nata evolved from GondoLe/la excelsa (Mosher); the latter
is distinguished by its high anterior carina) flar platform
and never upturned margins. Krystyn (1983, p. 239) ele-

vated this subspecies to species, whereas Budurov 6c Su-

dar (1990, p. 210) consider G.foliata inclinata as a syno-

nym of G.foliata (Budurov).

Range. Base of Longobardian to Late Ju|ian, mun'

goensis A.Z - awrtformis Z. (upper Gredleri Zone to up-

per Austriacum Zone) (Kovacs E{ Kozur, 1980; Kovacs,

1983; Krystyn, 1983).

Genus Pseudofurntshius Yan den Boogaard', 7966

Type species: Pseudofurnishius tnurcianus Van den Boogaard, 1966

Remarks. Diebel (1956, p. 432) found some specr-

mens from Cameroon that he assigned to Spathognatbo'

dus ? sp.inc. In the description he regarded as anterior

the part with the platforms and opposite to the inclina-

tion of the denticles of the blade. Van den Boogaard

(1966) established for these forms the genus Pseudofwr-

nishtus. He considered the platforms as posterior and

suggested an orientation opposite to that proposed by

Diebel. Some authors (Sadeddin, 1990; Gullo & Kozur,

1.989; 1991,, Sadeddin Ec Kozur, 1992; Eicher & Mosher,

1924) fo11ow Diebel's orientation, others favor Van den

Boogaard's (Huddle, 1970; Van den Boogaard & Simon,

1973; Ramovs, 1977).

lb) ion'er r,rer'; PS 8l x 15C.2) l,.rrerai view; PS 3; x 140. 3e) Upper

Later;rÌ vrex'; PS

Budurrrtignat|ttts ntostl.ert (Kozur). 1a) Upper vren';

viev'; 3b) upper- laterrl viewl PS 3; x 14C.

Pseudofurníshtus murcldnus prdecursor Gulio Ec Kozur. 4a) Upper view; 4b) lower vrewl 4c) lateral vrer'.5)

Fig. 1a-b, 2, 3a-b

Fig. 4 r-c, 5

Fig. 6a-b

Fig. 7a-b, 8a-c, 9a-d -

6r x 140.

Buciurougnathrs cf. l.ongobartiiczs (Kovecs). 6a) Upper vien'; 6b) loo'er vien'; PS 8; x 11C'

Bu;urooi-gnathus sp.A. 7.r) Upper view; 7b) lateral view; PS 8; x 130. 8a) Upper viev; 8b) lower vtew; 8c) iater,ri uew; PS 8;

x 130. 9a) upper Yier,; 9b) lower wiew; 9c) leteral vrew; 9d) lateral-lower view; PS 8; x 100.
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In our opinion the orientation proposed by Die-
bel prevents confusion and it is consistent with other
platform elements.

Pseudofurnishius murcianus praecursor

Gullo & Kozur.1.991.

PL 2, fig. 4-5

7980 Pseudofurnishius murcianus n.subsp. Kovacs 6c Kozur, pl. 7, î.ig.
6.

1997 Pseudofurnishius murcianus praecursor Gullo & Kozrr, p. 77, pl.
.1, fig. 9; ? pl. 5, fig. 1, 2.

1994 Pseudofumìsbius murcianus praecrlrsor - Neri et al., pl. 1, fig. 2.

Remarks. Subspecies of Pseudofurnishius murcianus
with a reduced, narrow outer platform, often denticula-
ted and sometimes longer than the inner ones. Gullo &
Kozur (1991,, p. 77) established this subspecies on mare-

rial from the Sosio Vallev ( Sicily) and Spain. The aut-
hors chose as holotype the specimen iilustrated by Ko-
vacs & Kozur 1980, pI. Z, fig. 6 as Pseudofurnishius mur-
cianus n.subsp. from Spain. The holotype of Pseudofur-

nishius murcianus pldecursor is relatively stumpy and

shows a well developed inner platform with 5-6 denti-
cles on its surface. The outer platform is reduced to a

row of denticles along the blade. Both platforms exrend

towards the anterior end. Our specimens, instead, are

very narroq slender, with a quite wide inner platform,
characterized by six denticles, two of which are situated

on the platform margin, whereas the outer platform is

very reduced, rudimentarn with only one denticle. On
the lower surface, the basal cavity beneath the inner
platforrn is located anteriorly, a little before the midsec-

tion of the r,rnit, and extends anteriorly and posteriorly
but does not reach the posterior end. In the paratype
illustrated by Gullo & Kozur (1,991., pI. 4, fig. 9) and

Catalano et al. (1990, pl. 3, fig. 1) the basal cavity is

shifted completely into the posterior part.
Elements of Psewdofwrnísbius murcianus praecursor

have been regarded previously as falling within the vari-
ability of P murcianus (Eicher & Mosher, 1974; F'a-

movs, 1,977; Bandel 8r Waksmundski, 1985). On the
contrary, Gullo 6c Kozur (1991) regarded this subspecies

as a primitive form from which P nturctanus murcnnus
is derived. ln the latter no outer platform is present.

According to Kozur (1972; 1980; 1989), Van Den
Boogaard & Simon (1973), Hirsch (1973), Hirsch &
Gerry (1974), Catalano et al. (1990) and Gullo & Kozur
(1.989; 1991) the bi-platform are stratigraphically older
than the mono-platform elements. This opinion was

confirmed by the discovery of the stratigraphically ol-
dest forms (Pseudofurntshiws sosioensls Gullo & Kozur,

Pseudofurntshtus prtscus Sadeddin and Pseudofurnishius

siyaÌaensis Sadeddin & Kozur) that are exclusively of the

bi-piatform type.

In the Stuores-Wiesen secrion (Pralongià, Dolomi-
tes) mono-platform forms of Pseudofurnishius mwrcmnus
occur in beds containtng Tiachyceras aon.

Range. Middle-Late Longobardian (middle and up-
per part o{ mwngoensis A.Z. sensuKoztr 1980).

Discussion on the straiigraphic setting of the Cas-
sian platforms.

The data reported above indicare rhar the S.Cassia-

no Formation surroundine the Sella Massif is Late Ladi-
nian in age.

This conclusion raises the question of the corre-
lation between the various Cassian platforms of the Do-
lomites (Fig. Z).

According to the currenr stratigraphic interpreta-
tion, the "Cassian" (or post-volcanic) succession of the
Dolomites is characterized by tzoo generations of carbo-
nate platforms, either referred to the Late Ladinian-Car-
nian p.p. interval (Assereto et aI., 1977; De Zanche et

al., 1993), or considered to be confined within the Car-
nian (Cordevolian-Julian) (Bosellini & Doglioni, 1988;

Masetti et al., 1991).

The data presented in this paper, as weil as a re-

view of data from the literature, indicate rhàt the strati-
graphic succession between the Ladinian volcanics and
the Raibl Formation is far more complex than pre-
viously thought. The post-volcanic succession of the
Western Dolomites is characterized by several, though
not necessarily isochronous, episodes of growth and re-

treat of carbonate platforms. The older post-voicanic
platforms are documented in the Sciliar-Cime di Terra-
rossa area (Brandner, 1991; Brandner er al., 1991; Yose,

1991; Frg. 1. andT). According ro rhese aurhors, two su-
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perimposed platforms occur in the post-volcanic succes-
sion of this area where they interfinger with volcanicla-
stic sediments (Marmolada Conglomerare, Wengen For-
mation). The lo-r'er piatform progrades on a substrate
represented by volcanic products (piliow-breccia and pil-
lowJavas). These platforms are assigned to the Archelaus
Zone on the basis of the finding of a specimen of pro-
trachyceras archelaus near the top of the so-called
"Schlernplateu beds", interpreted as the back-reef depo-
sits of the second post-volcanic piatform (Brandner,
1997, p.9, fig. 4).

The younger Cassian platforms are represented by
several dolomitic massifs located in the central-eastern
Doiomites (Fig. 7): the Richthofen Riff-Sert Sass Mrs.,
the Lagazuoi Mt. and its northern and eastern rermina_
tions, the Gusela del Nuvolau Mt., the upper carbonate
bodies of the Dùrrensrein Mt. (Picco di Vallandro)
(Schlager et al., 1991). Chronostratigraphicaliy, the best
known platforms are probably represented by the
Richthofen Riff and Sett Sass Mts. (Fig. 1 and Z), that
correspond ro rhe Lower and Upper Cassian Dolomite
(Assereto et a1., 1977) and to the Cassian Dolomite 1

and 2 respectively (De Zanche et al., 1993; De Zanche
& Gianolla , 1995). Urlichs (1974; 1994) attributed the

Conodont bios*atigraphy of the S. Cassiano Formation

z
SELLA MASSIF

Richthofen Riff to the Aon Zone and the lower parr of
the Sett Sass platform ro the Aonoides Zone. Mtre re-
cently, De Zanche et al. (1993), De Zanche & Gianolla
(1995), Gianolla (1995) assigned the Cassian Dolomite 1

(Richthofen Riff) to the interval comprising the very
top of Regoledanus Subzone, r.he Daxatina c{. canaclensis
Subzone and the lowermosr part of the Aon Subzone
(sensu Mietto tr Manfrin, 1995a; 1995b). In the standard
stratigraphic scale of the Triassic (Zap[e,19g3), accepted
by the authors of the present paper, the Daxatina cf.
canadensis Subzone of Mietto & Manfrin (1995a; 1995b)
corresponds to the upper part of the Regoledanus Zone.
Consequently, the Cassian Dolomite 1 is mostly Late
Ladinian in age, although its uppermosr parr may be
attributeci to the Early Carnian. The so called ,,Cassian

Dolomite 2" (..5., Sett Sass Mt.) is considered Carnian
in age. Chronostratigraphic dara supporting this inter_
pretation are based on:

") the S. Cassiano Formation onlapping the
Richthofen Riff (Urlichs, 1974; 1994);

b) the basin succession outcropping at Ctan Zop-
pè-Milieres, near the eastern termination of the Laga-
zuoi platform (Bizzarini & Braga, 1,987; Bízzarini et al.,
1986; 1989);
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Fig.7 - Chronostratigraphic setting of the Sella platform compared s'rth the successions of Scilier-seiser Alm (from Brandner, 19911
Brandner et al., 1991) and of Sett Sass-Richthof"n Riff (from IJrlíchs 1974;1994; Neri et al., 1995). Abbreviations: SD. Sciliar
Dolomite; Lv, Livinallongo Formation; V, volcanics; MCg, Marmolada Conglomerare; Cp, swarÍìs and lenses of carbonate olistoliths
(Cipit boulders); V, lflengen Formation; CD, Cassirn Dolomite sensu latu (referred to all the post-volcanic platform$; SC, S. Cassra-
no Formrtion; Dù, Dùrrenstein Dolomite; R, Raibl Formation; Dp, Dolomia principele.
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c) the S. Cassiano Formation of the Cortina basin
lateral to the upper Cassian platform (e.g., the Tamarin
section, Mastandrea, 1994; Baracca, 1996).

On the basis of these sections, the uppermost ge-

neration of Cassian platforms may be referred to the
Aonoides and Austriacum Zones of the Julian subst.rge.

The Seila Piatform, assigned to the latest Ladinian
(Regoledanus Zone), occupies an intermediate position
between the older and younger carbonate platforms. It
is younger than the post-volcanic platforms of the Sci-

liar-Denti di Terrarossa area (Archeiaus Zone) and older
than the latest Cassian platforms such as Sett Sass, Nu-
-'^r^" r ^^^-"^: t* :- conceivable that a considerablevwLd||, LdbdLuvr, rt rJ

chronologic overlapping exists between the Sella

Platform and the so called "Cassian Dolomite 1" of De
Zancb.e et al. (1993). Ve have no ilge data on some car-

bonate bodies such as Sass Beccè, at the Pordoi Pass

(Fig. Z). tentatively correlated to the second post-volca-

nic platform of the Denti di Terrarossa area (Fig. 7).

In conclusion, J conser-vative interpretation sug-

gests at least four episodes of growth of carbonate

platforms in the Doiomites (Fig. 7). It is thus clear that
a sequence stratigraphic model based on two generltions
of carbonate platforms has to be rejected or significantly
modified. A further aspect of the problem regards the
type of control on the sequence stratigraphic organíza-

tion: eustatic or tectonic? This question also addresses

the meaning of the several wedges of carbonate olisto-
liths embedded in the post-volcanic basin succession. As
pointed out by previous papers (e.g., Yose, 199I), the
classic interpretation of the carbonate megabreccias as

ìowstand deposits cannot be dogmatically accepted, in-
ferring that the eustatic conrrol on rhe verrical stacking
of different generations of carbonate platforms cannot
be unequivocally proven.

The considerable number of post-volcanic carbo-
nate piatform episodes, the frcquent occurrence of car-

bonate megabreccia wedges and the wide hiaruses sepa-

rating the platforms both from their substrate and the
overlying formations (Raibi, Dolomia Principale) sug-

gest that the development of the "Cassian" carbonare
bodies occurred in a complex paleogeographic setting.
Platforms nucleated on paleohighs, at differenr rimes
(Frs.7\.It is sometimes difficult to resolve with biostra-\^ _ò' /'
tigraphical tools the real succession of events, as rhe
chronologic interval involved is relatively short (a few
million years). Probably, the rnain conrrol on growth,
retreat and dismantling of platforms was of recronic na-

ture, especially in the late Ladinian, at the time of the
huge megabreccia bodies embedded within Wengen-like
deposits.

If rhis interpretarion is correcr, it is clear that the
Cassian succession of the Dolomites cannot be a reliable
standard for global sequence stratigraphic correlations.
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