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Ninetee n stratig raphic sections of the Lower Ca rbonifero us. go nia tite-bearing. pelagic
limestone sequence of the Carnic Alp s have been measured and sa mpled for co nodo nts.
Th e detailed biost rat igraph ical ana lys is allow s for the recogn ition of five. late Toum aisian
early Visean biozones from the isos ticha- Upper crenulata Zone to the texanus-homopun c
tutus Zone . Th e anch oral is-latus and texanu s-homopun ctatus zo nes are best rep resented .
Because the species Gnathodus texanu s is very rare in the Ca rnic area . the presen ce of the
texanus-homopu nctatus Zone is inferred by the co mposit ion of the associated fauna.
represented mainly by a few species of gna thod ids, vogelgna thids, and very rare polygna
thid s. In most sec tio ns. the occ urrence o f Pseudognath odus homopunctatus. Lochriea
cracoviensis, and Gnathodus pra ebilineat us is used for the zona l assigneme nt. Scaliogna
thus anchoralis, and pseudop olygnathids, d isapp ear abrupt ly below the first occ urrence s
of the above ment ioned spec ies. Th e TournaisianIV isean boundary. co nside red as co rre 
spond ing to the lower limit of the texanus-homopun ctatus Zo ne. was traced in six sec tio ns.
In all sections the biofa cies refl ect the pelagic env ironme nt a lso ind ica ted by the litho facies.
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INTRODUCTION

The Carnic Alp s, stituated along the Itali an- Austrian border, constitute the eas ternmost part of the
Southern Alps. They reveal a well exposed Paleozoi c sequence ranging in age from Late Ordovician to
Late Permian . Th e sequence is interrupted by a relati vely shor t gap of Westphali an (Early /L ate Carb onife
rous) age, aa a res ult of the Hercyni an oro geny. Th e Hercynian deformation ga ve rise to the Paleocarnic
Ch ain and involved Upper Ordovician-Lower Carb oniferous un its represented mainl y by Devonian car
bon ate s and uppermost Lower Carboniferous terrigen ou s turb idites.

Th e entire Lower Paleozo ic sequence, together with the late- and post-Hercyni an cover, were also
involved in the Alpine oro geny. Co nsequently, the present structura l se tting of the Lo wer Paleozoic
sequence (Pa leocarn ic Ch ain ) is co mplicated. It is, how ever, mostl y represent ed by non-m etam orphic
roc ks piled up into serra ted tectoni c thrust shee ts. The sequence is well known for its we ll-prese rved
fossils and it has been the subject of investi gati ons since the end of the 19th century (SELLI 196 3; VAI
1976 ; SCHONLAUB 1979, 1992; SPALLETTA et al. 1982; VAI and COCOZZA 1986 ; SPALLETTA and VENTURINI
1990,1994; VENTURI NI 1983, 1986, 1990, 1991 ; LAuFER 1996 ).

Thi s pap er is focused on stratigraphy of the thi ck , continuous, goniatite -bearing, pelagic limestone
sequence that was depo sited during Late Devoni an to Earl y Carbon iferous times and crops out in the
Carn ic Alps. The data deal with the Lower Carboniferous part of the pelagic unit that includes the
Tournaisian/Visean boundary interval and that is ex posed on the Italian side of the central and eas tern
Carnic Alps, from Mt. Cogli ans to Mt. Cavallo (Fig. I). The invest igated sections are located in two areas :
the first one betw een Mt. Coglians and Monte Croce Carnico Pass, the seco nd one in the area around Mt.
Cavallo. Some isolated outcrops are al so scatte red between the two are as (Fig . I). In the examined
sequence, spec ia l emphas is was give n to the positi on and recognition of the Toumai sian/Visean boundary.
For this purpose, nineteen stratigraphic sections and 16 isol ated test samples were sampled for conodo nts.
Th e 172 coll ected sa mples (median weight of 1500 g) produced a very rich co nodo nt fauna with a total
of 19,550 elem ent s. The di stribution of all Pa elements was analyzed. Th e conodont fauna is mostly
composed of gnathodid Pa eleme nts (Tables 1- 4).

Th e material used in thi s invest igation is reposited at Mu seum G. Capellini in Bologna und er the
numbers: IC 1580-IC 1610 (f igured elements), IC 1611 (non figured elements) .

Acknowledgments. - We are indebted to Zdzislaw BELKA, Carl B. REXROAD, and Hans P. SCHONLAUB
for their critical review of the manuscript and fru itful sugges tions . We are also grateful to Charles A.
SANDBERG and Corrado VENTURINI for their kind ad vice, and to F. AMADESI, A. ARGNANI, E. ARM1Nl , W.
CAVAZZA, C. DIMOPOULOS, V. GIROMBELLI , R . MARTELLI , A. NEGRI , S. RIVOSECCHI , and S. RUB ATTA, for
the help in collecting and pro cessin g of mo st of the samples . C. STROCCHI made part of the drawings and
P. FERRI ERI the SEM micrograph s. Both authors co ntributed equally to the present paper; C. SPALLETTA
is responsible for the geological part.

STRATIGRAPHICAL SETTING AND LITHOLOGY

Pelagic facies were deposited in the Carnic domain since the Early Silurian time (VAI 1976; SCHONLAUB
1979 , 1985; SPALLETTA et al. 1982 ; SPALLETTA and VENTURI NI 1990). From Late Silurian to Middle
Devonian, tentaculite pelagic limestones were deposited, but they represent only a small fraction of all
depo sit s acc umulated during this tim e interval; dominated by carbonate shallo w water facies. Reefs started
to appear during the Early Devoni an and reached their maximum development during Middle Devonian .

It wa s only during the Late Devonian that pelagic depositi on ex tended over the entire Paleocarnic
basin. At that time, intensiv e syn-sedimentary ex tensional tectonics affected the Paleocarnic domain.
Extensional faulting led to a break up of the carbonate platform, and a fast subs idence favored the on set
of pelagic sedimentation all ove r the basin (CANTELLI et al. 1982 ; KREUTZER 1990, 1992 ; SPALLETTA and
VENTURINI 1994 ).

Climenid- and goniatite-bearing pelagic lim estone is nearly the only facies deposited in the Carnic
Basin from late Frasni an (Late Devonian) to Dinantian (Ea rly Carboniferous), and one of the best exposed
units of the whole Paleozoic sequence.
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Fig. I
Location map of sections and test samples. I - Rio Chianaletta Alto (RCA), 2 - Rio Chianaletta (RC), 3 - 8 535, 4 - Spinotti
8 asso (SP8), 5 - Spinotti (SP), 6 - 8534, 7 - Postazione 5A (PS5A), 8 - Postazione (PS), 9 - 8 533, 10 - Sotto Sentiero
per Forcella Monumenz (SSFM), 1I - Forcella Monumenz 1 (FMI), 12 - Dolina Ovest I (DLO I) , 13 - Dolina (DL), 14 
Dolina Est (DLE), 15 - Stop 46 (S46), 16 - Torbiera (TOR), 17 - Sotto Cima Plotta (SCP), 18 - Piastrone Plotta Ovest I
(PPLOl), 19 - Piastrone Plotta (PPL), 20 - Piastrone Plotta Est I (PPLE I), 2 1 - Plotta Passo I (PLP I), 22 - Plotta Passo 2
(PLP2), 23 - Passo G (PG), 24 - Casera Collinetta di Sopra (CCS), 25 - Casera Collinetta di Sotto A (CSA) ; 26 - Casera
Collinetta di Sotto A 14L (CSA 14L), 27 - Trincea A 7 (TRA7), 28 - Trincea (TR), 29 - FV43; 30 - FV54, 31 - Creta di
Rio Secco C (CRSC), 32 - 172b, 33 - M. Cava llo 8 (MC8 ) 34 - M. Cava llo A (MCA), 35 - Pricot (PRT). Section s I, 2,
5,8, 10, 13, 17, 19,23,24,25,3 1,34,35 and test samples 3,6,7,9, 15, 18,26,27,29,30,32 yield conodont fauna useful for
biozonal assignment. Sections 4, 14, 16, 28, 33 and test samples 11, 12, 20, 2 1,22 yield a few long ranging gnathodid species
which could not be useful for biozonal assignment. In the text, sections and samples are cited arranged from west to east.
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Fig. 2
Selected stratigraphic sections showing lithologies and biozonal assignments. The boundary anchoralis-latusltexanus-homopunctatus Zone is marked. Goniatite-bearing pelagic lime
stone (GL): I biomicrite, 2 calci lutite, 3 calcarenite, 4 radio larian-enriched mudstone. Radiolarian chert (R): 5 radiolarian chert with interbedded limestone levels and lense s, 6 radio la

rian chert . Hochwipfel Formation (HW) : 7 breccias and olistostromes, 8 arenite and pelite , 9 sedimentary dyke , 10 fault , II sample position.
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During Early Carboniferous the sedimentary evolution of the Paleocarnic Domain was controlled
primarily by a transpressional dextral shear zone, which, most likely, belonged to Insubric Paleolineament
(Gailtal Paleoline, SPALLETTA and VENTURINI 1994) . The activation of this lineament, supposedly born as
a transform fault (VAI 1976, 1991), produced differential, local uplift of some tectonic blocks. It did not
affect, however, the general transgressive trend that led to the deposition of the thick (80-200 m), pelagic
limestone sequence, followed by a few meters of radiolarian chert, and by about 1000 m of the thick
terrigenous turbidite deposits of the Hochwipfel Formation (SPALLETTA and VENTURINI 1994 and refer
ences therein) .

One of the problems regarding the Camic Alps concerns the precise age of the topmost part of the
pelagic limestone; in the opinion of the authors the studies of MANZONI (1966), GEDIK (1974), and
SCHONLAUB and KREUTZER (1993) are not definitive. The determination of the age of the top of the
limestone would be of great help in establishing the time interval in which sedimentation of the Hochwipfel
turbidites was initiated. Radiolarian cherts are present only in places where the complete Early Carbonife
rous succession was deposited and preserved (SPALLETTA 1983 ; SPALLETTA and VENTURINI 1994) . Accord
ing to HERZOG (1988) and SCHONLAUB et al. (1991), some radiolarian cherts, on the basis of their conodont
content, may be attributed to the late Toumaisian (anchoralis-latus Zone) .

The Hochwipfel Formation turbidites and volcanoclastic and volcanic rocks of the Dimon Formation
constitute together the so-called Hercynian "Flysch" which reaches up to 2000 m in thickness (VAI 1976;
SPALLETTA and VENTURINI 1990) .

The turbidite beds are predominately unfossiliferous and only scattered plant remains have been
reported; the youngest of these plants have been dated as middle Visean in age (AMERoM et al. 1984). It
is noteworthy, that the first, and for many years, the only study on floras from the Hochwipfel Formation
was that of FRANCAVILLA (1966), who found spores of Namurian A age.

In accordance with the ages of the topmost part of pelagic limestone, radiolarian beds, and plant
remains , the base of the Visean (or, at least , the upper part of Toumaisian) was assumed by SCHONLAUB
(1985) to correspond to the beginning of the turbidite sedimentation.

Recently, KULLMANN and LOESCHKE (1994), on the basis of various regional data (from Spain to Serbia)
on the Hercynian Flysch, proposed a Bashkirian age for the base of Hochwipfel Formation. Moreover,
KULLMANN and LOESCHKE (1994) stated that the sedimentation in the Camic Alps and Karawanke was
interrupted for at least 10 million years , after the deposition of pelagic limestone and radiolarian chert
and before the Hochwipfel turbidites. On the other hand , in order to support their interpretation of the
Hochwipfel turbidites as deposited in an accretionary prism (Li\UFER et al. 1993) these Authors needed
also to postpone the Hochwipfel Formation to the Dimon Formation in contrast to all field evidences
(Li\UFER 1996).

The present study was initiated to investigate the age of the topmost part of the pelagic limestone by
means of a detailed conodont biostratigraphy.

The upper part of the Lower Carboniferous, goniatite-bearing, pelagic limestone has an estimated total
maximum thickness of about 50 m. The shortest section (Trincea A-TRA, Fig . I), less than 1 m thick, is
embedded within Upper Devonian pelagic limestone (SPALLETTA and PERRI 1994) , whereas the longer
sections are between 25 and 30 m (Figs I , 4, Spinotti-SP and Pricot -PRT) .

Most of the sections are limited by faults and/or thrusts; sometimes the Carboniferous pelagic limestone
lies directly on Middle to early Upper Devonian shallow-water limestone from which it is separated by
irregular surfaces parallel to the bedding. These disconformity surfaces represent, most likely, episodes
of very slow sedimentation or non-deposition which are easily explained considering the Late Devonian
Early Carboniferous evolution of the Paleocamic Domain (SPALLETTA and VENTURINI 1994) . In the
fragmented, articulated basins, the sedimentation was tectonically controlled. Scattered, residual, and/or
newborn, structural highs were present until Late Devonian or at least Early Carboniferous times. After
wards, they resubsided and pelagic sedimentation, represented by calcareous ooze, took place once again .

The Lower Carboniferous, goniatite-bearing, pelagic limestone (Fig. 2, GL) consists of grey to light
pink biomicrite with 0.5-3 cm thick beds. They are represented mainly by wackestone, rich in pelagic,
completely preserved skeletal elements of goniatites, trilobites, and radiolarians. In some places, rare, thin,
calcarenitic to calcilutitic layers, containing goniatites, radiolarians, brachiopods, and crinoid columnals,
are present. They have been interpreted as distal turbidites. The original, planar to slightly wavy bedded,
layers are usually overprinted by stylolites . At places, the limestone is interrupted by neptunian dykes,
sometimes in form of sills, filled with clayey to sandy matrix supporting radiolarian chert, sandstone, and
limestone clasts, ranging in size from 2-3 mm to several centimeters. The matrix has of the same
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Table I
Numerical distribution of conodont elements in Rio Chianaletta, Rio Chianalelta Alto, Spinotti and Sotto Sentiero per

Forcella Monumenz sections. Samples RC 18a and RC 18b are from olistostrome clasts. (fr.) = fragments.

2 RioChianaletta (RC)

I texanus . homopunctatus Zone I.h.Z. t.h2.
Sam ples RC la RC l b RCl c RC2 RC3 RC4 RC5 Rn RC7 RC8 RC9 RCIO RC 11 RCI2 RCI3 RC I4 RCI 5 RC I6 RCI 7 RCI 8a IRCI 8b

We ight (g) 925 850 725 1750 2475 950 950 2500 5425 3650 2075 2775 1125 275 400 1800 225 525 475 875 1 1225
Species Tolal
G o. cuneiformis P. 17 18 13 32 40 92 27 79 144 14 54 273 115 1 I 8 24 952 6 I 4
Go. pseudosemigtaber Pa I 20 I 12 3 54 59 6 83 5 244

2 !Go. sp Pa 5 3 2 5 5 14 9 5 10 12 15 8 5 2 I 101
Gn. sp. ju v. Pa 17 8 12 3 18 22 12 12 34 9 1 25 98 280 2 3 .17 674 5 I 24
Po. I labell us P. 4 4 I 3 I 13
Pd. hom opu nc tatus Pa 7 2 3 6 10 I 2 64 70 165 2 2
Pd. symmutatus P. 4 I I I 15 38 I 61 2
Go. preebitineatus Pa 2 I 2 6 8 I 4 4 19 I 4 52
Go . semig laber Pa I 6 I 54 36 27 23 46 77 2 273 9
Vo. campbelli Pa 25 7 11 30 I 7 8 1 I
Gn. texanus Pa I 4 I 6 ! 2
Le. cracov iensis Pa 2 7 51 4 ha
oe. sp. Pa

2~86 I I

I
Total 55 38 30 68 74 203 'IQ 209 288 187 183 550 6 14 2 4 I 11 78 I 17 43

Total anc horali s-Iat us Zo ne

16 Samp les PU I PU2 Pll 5
3 w eigb t tg j 1400 12511 11l.15 ,

129 Spe c ie... ToWl 1
9 Bispathod us stabilis P. R 21
82 Eo taph rus bur ling to nensi s P, I I
33 Gnut hodus c unei fo rmis Po 16 11 27 54
58 G na thod us se mig fube r Pa .1 " 0 1.1
131 G na thod us pse udosemigf aber Po 7 16
I G nathodus sp. Pa 0 15 31

33 G na thod us sp. j uv . Pa "" IfJ5 66 211
7 Pro togna thod us pra ed e fic.nus Pa 1 1
I Pse udo pol yg nathux ox ypa ge us M2 P. IX IX

J5 Scaii ognat hu s anc ho ruf .. e uro pe nstc fJa 25 27

·111 Hin dcod ctl a segu tctuus (fr. ) s. 5X 58
74 Voge lgnuthus c•unpbelli I'a 12 12

5' Gna rhod us de hcu tus f' ;l ~ll "
~o Gnath oduv ryprcus M2 Pa 5 5
J6 IPul yg nathus bi sc bo tn Pa 1 I

6 Pseudopol ygnuui u.. pmn.nu.. M 2 Pa 4 • a

" Sc ahog nuthux anchoral i... anc ho raf .. Pa 19 1')
776 I Total j\)X 19 ' 123 51"

Spinotti (SP)

I U.rvn.z.1 anch o rali s-Iatu s Zo ne I
SP 4 SP5 SP6 SP7 SP8 SP9

2225 I IIMI 1225 1110 1180 20.50

Tota l

I

1

77

23

I

6

2

2

o
6

7

5
8

32

40

I

224

11 64

2 1

25

45

I

14 .19 159

23 PassoG(PG)

5

Samples

Weigh t(g)

Species

Dol lymue bouckae rti Pa

Eota phrus sp. Pa

G na thod us c une iform is Pa

Gnathodus semig faber Pa

Pol yg nathu s co m m unis c arina Pa

Po lygnathus co m m unis co m m un is P:.I

Protog nathod us praedefic atus Pa

Pseu do pol ygn a th us sp. P:.I

Bispa tbodu s sta bilis Pa

G nathod us pse udosemi gfaber Pa

Pseudo polygnath us pinnatus M2 Pa

Sca liognathus anchoralis ancho ralis Pa

Hindeodell a segafo rrr ns(fr.I Se

G nathod us sp. Pa

G nathodu s sp. juv . Pa

Pscudopolygnathus o xypage us M3 Pa

Total10 Sotto Sentieroper Forcella Monumenz(SSFM)

anchoralis-latus Z. texanus-horno Zone

Samples SSFM I SSFM2 SSFM2A SSFM3

W. igh' (g) 1075 II\ XI 1375 1220
Species
Bispathod us sta bilis P. 16
Doliognathus latus M3 P, 3
Gn aLhod us cune ito rmis P. 52 29 45

Gnathodus de ficatus P. 6
Gn athod us pseu dosemig labe r Pa 35 40 7
G nathod us se mig tabe r P. 11 11 11

G nalhodus sp. Pa 15 5 18 :20
G nathodu s sp. JUv. Pa 40 10 .11 50
Polygnathus bischoff P, I
Pnl ygnathus co mm unis co mmunis Pa .1.1
Protognath odus co rdiforrnis P, 7
Pseudopolyg nat hu s o xypage u..-. M2 Pa I

Pse udo pol yg nath us pi nn atu... M 2 Pa .1 2 .1
Scaliognathus anchoralis ancho ralis P. 35 5
Scaliog nathus anchorali s europensis Pa 71 \

Hindeodella segatormis (tr .) Se 58 .ttr.
Vogelgnathus curnpbelli Pa 20

G nathod us p rae hiti neatus Pa .10

Polygnatbu s tlabetlus Pa 6

Pseud ogn athod us ho mo puncta tus Pa 4

TOIal 410 p 1 ~9 ...-.-ll't..-

Rio Chianaleua Alto (RCA)

Samples
Weight (g)

Spec ies Tota l

Bispathodus stabilis Pa 4 7

Gnathodu s punctatus P. 3 3

Gnathodus serniglaber Pa 51 206 264

G nathod us sp. Pa 12 5 11 31

G nathod us sp. JUV. Pa 324 112 23H 669

Polygnathus flabell os Pa I 5 15 21

Prot ogn athodus praede lic atu s Pa 3 3

Volgegnath us campbe lli Pa I 2

G nathod us cuneiformi s P. 24 33

G nathod us pse udcse migfaber P. 21 21

G nathod us praebiline atus P. 2 2

Pseud og nathod us hom opunctatus P, 3 3

Tota l 399 17 170 473 1059

composition as the Hochwipfel beds. The thickness of the dykes ranges from a few centimeters to several
decimeters (in some cases, up to one meter) . In the authors opinion, their presence testifies to an intensive
extensional tectonic acti vity. Fractures filled with clastic material derived from the Hochwipfel Formation
were interpreted as related to karstification (SCHONLA UB et al. 199 1). On the other hand, karstification
could have taken place on the top of some uplifted tectonic block, as suggested by SPALLETTA and
VENTURINI (1994).
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In the present study, the Rio Chianaletta (Figs 1, 2, RC) section is the only one that shows a continuous
transition from the pelagic limestone to radiolarian chert and terrigenous turbidites of the Hochwipfel
Formation. The last 1 m of limestone is represented by a radiolarian-rich wackestone interbedded with
radiolarian chert. The following 2.2 m are represented by light-grey to black, radiolarian chert with
discontinuous, lenticular limestone layers and/or lenses, that decrease upward in thickness and frequency
(Fig. 2, R). Some of the lenticular layers and lenses were sampled for conodonts (Fig. 2). The pelagic
limestone-radiolarian chert sequence is followed by the arenites and pelites of the Hochwipfel Formation
(HW, Fig. 2) interbedded with two olistostrome horizons supporting large limestone clasts.

Olistostromes and megabreccias (debris flows) are often present in the lower part of the Hochwipfel
Formation, close to the boundary with the underlying limestone (SPALLETTA et al. 1980, 1982; SPALLETTA
1983; AMEROM, VAN et al. 1984; SPALLETTA and VENTURINI 1988, 1994). Some of the limestone contained
clasts within oligostromes were sampled for conodonts.

BIOSTRATIGRAPHY

Fourteen out of the nineteen sections and eleven out of the sixteen, isolated test samples examined
yielded a fauna that allowed for the assignment of biozones.

Because the remaining five sections (Fig. 1, SPB, DLE, TOR, TR, MCB) and five isolated test samples
(Fig. 1, FM 1, DLO 1, PPLE 1, PLP 1, PLP2) produced only a few long ranging gnathodid species (e.g.,
Gnathodus semiglaber; G. cuneiformis, and G. pseudosemiglaber) they were excluded from the biostrati
graphic analysis and will not be taken into consideration here. Few samples were collected from the
excluded sections except for the Trincea (TR) section from which seven samples were collected, yielding
a reworked conodont fauna composed of Late Devonian elements mixed with very rare, indigenous,
gnathodid elements of Carboniferous age (SPALLETTA and PERRI 1994).

The zonation, proposed as preliminary standard conodont zonation by LANE, SANDBERG and ZIEGLER
(1980) and ZIEGLER and LANE (1987) , was applied for the biostratigraphic analysis with the only exception
of the texanus Zone. Because this zonation was presented as standard, we maintained mainly the original
biozonal names taking, however, in consideration some suggestions given by BELKA (1985). The biozone
above the anchoralis-latus Zone is here named texanus-homopunctatus Zone. Five biozones were recog
nized: isosticha-Upper crenulata, Lower typicus, Upper typicus, anchoralis-latus, and texanus-homo
punctatus Zone. The species Gnathodus typicus and G. texanus are less frequent in European Carbonife
rous sequences than in North American ones. Therefore, some more frequent, coeval species have been
used for the biozonal subdivisions. Except for the anchoralis-latus Zone, nearly always indicated by the
markers, some species of the genera Dollymae, Lochriea, Gnathodus, Polygnathus, Prothognathodus, and
Pseudopolygnathus were utilized as an additional aid in recognizing the biozones. Few levels were
assigned to the isosticha-Upper crenulata Zone, the Lower typicus Zone, and Upper typicus Zone, whereas
the majority belonged to the anchoralis-latus and texanus-homopunctatus Zones. In the anchoralis-latus
Zone, we found the greatest number of taxa. The biozonal assignments for all 170 samples studied has
been listed in the Appendix.

The inferred stratigraphic distribution of all found species is given on Fig. 3.

isosticha-Upper crenulata Zone. - The first appearance of Gnathodus delicatus defines the base of
the zone. The species is present in two samples . The eo-occurrence of (1) Gnathodus punctatus and G.
semiglaber in level RCA-3 of Rio Chianaletta Alto section; (2) G. delicatus, Pseudopolygnathus multi
striatus, P. triangulus, and one element of Siphonodella sp. in level CRSCl of Creta di Rio Secco C
section; and (3) G. delicatus, Dollymae sagittula, and Si. isosticha in test sample 172b allowed for the
recognition of the zone (Tables 1-4).

Lower typicus Zone. - The first occurrence of Gnathodus typicus M2 defines the base of the zone.
The species was not found in any of our samples. It seems to be very rare in the Carnic Alps and was
found only in samples attributed to the anchoralis-latus Zone. In 1985, BELKA proposed a biozonation
where the typicus Zone of LANE et at. (1980) was substituted by a zone named cuneiformis. This
substitution was justified by a relatively low frequency of the G. typicus occurrences in the Carboniferous
rocks of Europe.
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is-U.cr.Z. L.typ. Z. U .typ .Z. anch .- laI.Z. tex-horn.Z,

Bispathodus stabil is - - - - ----- -
Dollymae sagirtula -
Gnathodus delicatu s - - --- -- --
G nathodus punctatus -
Gnathodus semiglaber - -
Gnathodus typicus MI -
Potygnath us communis communis - -.
Polygnath us flabellus - --
Protognathodus praedelicatus - -
Pseudopolygnathus mult istriatus -
Pse udopolygnathus triangulus -
Siphonodella isosticha -
Vogelgnathus campbelli - -
Vogelgnathus sp. A - - -- - ---- -
Gnathodus cu neiformis -
Hindeodus scitu lus -
Dollimae bouckaeni -
Eotaphrus sp , -
Polyg na thus co mm unis cari na -
Pse udopolygnatu s pinnatus -
Doliognathus latus M3 -
Eotap hrus burlingtorensis -
Gnathodus pseudosemiglaber -
Gnathodus sirnplicatus -
Prolognathodus cordiformi s -
Pseudopo lygnathus o. ypageus -
Pseudopolygnathus oxypageus M3 -
Pseudopolygnathu s pinnatus MI -
Pseudopolygnathus pinnatus M2

Scal iognathus anchoralis anchoralis

Scaliognathus anchorali s europensis

Hindeodella segaformi s

Gna thodu s typicu s M2 --- '
Polygnathus bisch offi -
Pseudopolygnathus oxypageus M2 -
Gen iculatus sp. -
Pseudognarhodus syrnmutatus -
Lochriea cracoviensi s -
Gnathodus praebil inealus ----
Polygnathus rneh li -
Pseudognathodu s homo punclatus ----
Gnathodus texanus ---

Fig. 3
Relative ranges of conodont species in the Carnic Alps .

Acco rding to BELKA (1985), the stratigraphic distribution of G. cuneiformis nearly overlaps that of G.
typicus M 2. The first appearance of G. cuneiformis is estimated to be slightly above the first appearance
of G. typicus M 2. According to BELKA (1985), G. cuneiformis is well represented both in European or in
North America deposits and this authorizes the choice of this species as biozonal marker.

We agree with most of BELKAS arguments. In our material G. typicus is very rare; expecially its
morphopype 2, used by LANE et al. (1980) to define the lower limit of their Lower typicus Zone. On the
other hand, LANE et al. (1980) reported the first appearance of G. cuneiformis as the most important even t
near the base of the discussed zone after the first appearance of the marker. G. cuneiformis is represented
with a very high frequency in the Carnic Alps. Consequently, we used its first appearance , together with
disappearance of siphonodellids , to recognize the biozone.

The base of this zone is traced only in section Rio Chianaletta Alto (RCA), with the first appearance
(Table I) of G. cuneiformis in sample RCA-2. Its eo-occurre nce with G. punctatus in Piastrone Plotta
(PPL) section (Table 3) was used for the biozonal recognition. G. semiglaber and G. delicatus are the
numerically most freq uent spec ies .
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Tabl e 3
Numeri cal distribution of co nodon t e leme nts in Postazione, Piastrone Plot ta, Casera Co llinetta di So tto A. Casera

Co llinetta d i Sopra and Creta di Rio Secco C sec tio ns. and in iso lated test sa mple PP LO . (fr.) = frag me nts .

8 Postazione (PS) 18 Piastrone Plotta O vest (PPLO)

Species

Gnathodu s cunciformi s Pa 7

Gnathodus praebihne atuv Pa 2

Gnathodus pse udosemigtaber Pa 3

Gn athodu s se migtaber Pa ~

G nathod us te xanu s Pa 1

Gnathodus sp Pa 6

Gnathod us sp. JUY. Pa 4

Pse udognath od us hom op uncta tus Pa 3

Toul .15

a.-I. z . texanus - homonunctatus Zo ne

Samples PSI PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS IO
Weight (g ) 1270 1025 1150 1200 1330 1025 1420 I'J(XI 1490 IlXXl

Species Toul
Gnathodus cunei formis Pa 22 7 NI 24 44 11 33 32 18 25 1
Gnathod us pseu doserniglaber Pa I ~ III 24 15 38 38 19 26 11 199
Gnathod us serni gfa ber Pa 6 3 24 10 13 12 9 19 26 26 148
Gnathod us sp. Pa 12 6 3~ 7 21 JI) 14 .U 16 9 165
Gnarbod us sp. ju v. Pa 14 6 .10 24 25 9 17 5 21 JI) 161
Polygnathus bischoff Pa 2 2
Scal iognathu s anchorali s eu ropensis Pa 16 16
Hindeode lla segaformi s (fr.) Se 7 7
v ogelgnathus campbelli Pa I .H 8 58 JI) 54 S 2 I 176
Pseudognath odus symmutatus Pa I 4 I I 7
Polygn athu s mehl i Pa I 1
Polygnathus sp. Pa 2 2
Pseudognathod us homop unctatus P. I I

Tota l 97 3.1 2 13 89 203 9 1 147 120 97 46 1136

Sample

Wel gh l (.1<)

tn .-h.Z.
PPLO I

8811

19 Piastrone Plott a (PPL)

I Lower typicus ZOne I
Samples PPLI PPL2 PPU PPlA PPL5 PPL6

Weighl (g ) 1225 I4IXI 131>/1 1470 1525 1700
Specie s TOlal

Gnathodus cuneuorm is P. 17 3 .1 J 9 2 37
Gnathod us delicatus Pa 2 6 5 13
G nathod us se migl abe r Pa JI) 5 9 15 39 47 125
Gnalhodus typicus M I Pa 13 7 2 7 23 8 60
Gnathodus sp. Pa 6 .1 JI) 8 JI) 7 44

Gnathodus lip. juv. Pa 6 6 5 4 8 41 70
Pseudopolygnath us sp Pa I I
Poty gnathu s tl abellus Pa I I I 3
G nathod us punc ta tus Pa I I I I 4
Voge lgnathu s cam pbelb Pa S 5 12 1.1 35
Bispath odu s sta bili s Pa I I
Hindeodu s sc itulus Pa I I

f utal 55 31 41 H 10.1 121 .194

25 Casera Collinet ta di SOllOA (CSA)

anc h.-1. Z e xanus-ho mo unc. Zone

Sample e SA I4A e SA I4B CSA I4 eSAI5
Weighl (g ) 860 865 3075 30JO

Spec ies. Total
Gnathodus pseud osemtgjaber Pa 7 11 R3 36 1.17
G nathodu s sem igtaber Pa 6 19 72 9 106
G nathod us sp. Pa 47 15 M

Polygnathu s bisc hoffi Pa 5
Sca liognathus anc horali s europensis Pa I

HindeodC'Jla segaformis ( f r. ) Pa J

Voge lgnathu s cam pbelli Pa 5 21 6 .16
Gnathodu s.cuneifonni s Pa 13 38 24 75
Gnathod us syrnmutatus Pa I I
Gna thodu.... sp. juv . Pa 17 80 9 1116

TOLlI 2.1 69 34 1 99 532

24 Casera Co llineua di Sopra (CCS) 3 1 Creta di Rio Sccco C (CRSC)

U.ty.Z. aOl..'horali s · lalus Zone t.ex.-hom o . Z.

CeS.1 e CS4 CeS5 cess CeS7 CCS8 CeS9 CCS 10
4911 Im 5 1.165 21150 1440 26'J() 1875 1025

.:!O 15

~

~

.' Wi .' 15 5111 I.H

Samples

Weight (g l

I

10

8

4

I

I

I

r otal

25 15 ~

!i.-v.c.l an .-I.Z .!

CRSC I CRSCl

I'J(MI 2J( ~ J

i
I
I
! Spec ies

IGnatho dus dcl ica tuv Pa

I
G nathod uS se rnigtaber Pa

G nathod us rypicus M I Pa

[G na thod us s p. JUY. Pa

I
Pol ygn athus co mmunis comm une, Pa

Protognath odu s praedehcatus Pa

Pseu do pol ygnathus multix tn atuv Pa

!Pseudopolygnathus m angulu s Pa

lSiphonodclla sp . Pa

IVogelgnathus sp. A Po.
IGn athodus sp Pa

!Pse udopol ygn am us o , ypa,geu' Pa

~ Pseudopol ygnath us prrmatu v (la

IScalioanarhus ancborah s eu ro ren ve, (la

IHindeodella segalo mm Or.) SI:

I r l \l.JI

Tota l

.103
141

117

65 )

1.1
7

31
61
48

23
I

X2

98

.15
4

9

162616

.1.1
4

IJ

.\9

15 12
3 12

.\7

I!

78 107

III 18
IR 23

112 .' 23

68
12
IX

NI

3

.16
70

n

1·1

57

26
X

7

50

4

68
28
8X

8

I
_\ 1

12

2-10

Samples

Weigh t (g )

Species

Gna thodus cuneiformi s Pa

Gnathod us .scmigtarc r Pa
G nathodus sp Pa

G nathod us sp. j UY. Pa
Polygnathus flabeltuv Pa

Pseudopolygnathus pinnatus Pa

Vogelgnathus campbelh Pa
v ogelgnat hus sp.A Pa

Gnathodus pseudosemigfaber Pa

Bispath odus stabilis Pa

Scaliogna thus anchorali s anchorali s Pa

Scalio gnathus anch or ali s europe nsis Pa

Hmdeodet la segatoruuv Ifr.) Se

P'e udopolygnathu v pin nalus M I Pa

P'eudopolygnathuc ptnnatuv l\L! Pa

Pl l l )o gn ath u~ bischotf Pa

P'o(" Udllpo IY1narhu .s O \ ~ pJPt" us P.J

r"llal

Upper typicus Zone. - Acco rding to L ANE et al. (1980), the first occurrence of Pseudopolygnathus
nudus and P. oxypageus define the base of the zone. They were not found in any of our samples.
P. oxypage us occurs only in associations with Scaliognathus anchoralis. Two samples were ass igned to
the zone: the sample from level SP4 of the Spinotti section (Table 1), based on the presence of Dollymae
bouckaerti , a species restricted to the considered Zone ; and the sample from level CCS 3 of Casera
Collinetta di Sopra section (Table 3), based on the presence of Pseudopolygnathu s pinnatus, also found
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Table 4
Numerica l distribution of conodo nt element s in M. Cava llo A and Pricot sections,

and in isolated test samples 8 534, 172b, and Stop 46 . (fr.) = fragments.

235

34 M. Cava llo A (MCA) 35 Pricot (PRT)

I texan us-hom opunctatus Zone I I anchoral is-Iatus Zone I
Samples MCA 9 MCA IO MCA II MCAI2 Sam ples PRTlO PRTR PRT6 PRT5 PRTI

We ight (g) 249 5 2430 2340 2 175 We ighl (g) 1275 1225 1150 800 1825

Species

Gna thodu s cuneifo rmis Pa

G nathod us praebi linearus Pa

Gnath odus pseudosemigtabei Pa

Goathod us serniglaber Pa
Polygnathus flabell us Pa

Gnathodus sp. Pa

Gnathod us sp. juv . Pa

v ogelgnaihus campbe lli Pa

Tota l 12

3
I

11
I

2
14

13

45

9
4

IJ
23

49

10

21

3
46

Total

7

3
30

11
4

37

57

3
152

Spec ies

Gn arhodu s sp. Pa

Pol ygnathu s sp, Pa

Gnathod us pseud osern iglaber Pa

Gnathodu s sern iglaber Pa

Pseud opolygnathus pin natus Pa

Scalioz nathus anchoralis eur open sis Pa

Hindeodella segeformi s (fr.) Se

Pnn ognathodus cordif onnis Pa

Pscudopolygnath us oxypageus Pa

Gn athod us cuneifo nnis Pa

Pseudopolygnathus pinnatus M2 Pa

Protognathod us praedel icatus Pa

Pseud opolygna tbus sp. juv . Pa

Total 17

4

4

4

4

I

17

Total

5
I

5
2
7
16

X

5

I

2

3

I I

I I

10 57

6 8 534

~
32 l72b

Sample 8534

weigfu (g ) 3650 ~
Species Sample l72b 15 Stop 46 (S46)
Bisph athodu s stabilis Pa 18 We iEht (g) 4275

Gn aihodus cune iformis Pa 89 Species ~
Gnathodus del icarus Pa 4 Bispathod us stabilis Pa 2 Sample S46

Gna thodu s pseud osemiglaber Pa 7 Dollymae sagit tula Pa 3 Weight (g) 1250

G nathoc us se mig laber Pa 4 Gnathodu s cunejformis Pa 7 Spe cie s

G nathod us .sp_ Pa 211 G nathod us punc tat us Pa I Gnathodu s cuee iformis Pa 6

G nathodus sp. juv . Pa 19 Gn ath od us typ icus M J Pa 6 G nathod us pseud osern iglabcr Pa 7

Polygnalhus biscboffi Pa 7 Polygn athu s co mmunis co mmunis Pa 8 G nathod us sem igtaber Pa 128

Po lygn athu s co mm unis communis Pa I Pcl ygnathus flabel lus Pa 2 Gnalhodus sp. Pa 32

Pseud opo lygnathus pinnatus M2 Pa 40 Protog nathodus praedel icatus Pa 5 G nathod us sp. juv. Pa 279

Scafiognathus anc ho ralis eur opens is Pa 43 Pseud opolygnathus mul tistriatus Pa 7 Pse udognathodus hornopu nctatu s Pa 3

Hinde odella scgaformi s (fr.) Se 12 Siphonodella isosticha Pa 3 Pse udognathodus sy mmutatus Pa 8

v ogel gnarhu s ca m pbelf Pa 5 Vogelgnathus sp .A Pa 3 v oge lgnatbu s campbelli Pa 55

Total 269 Total 47 Tutal 5 1X

in anchoralis-latus Zone. The level CCS3 belongs, most likely, to the uppermost part of the biozone,
where P. pinnatu s starts (LANE et at. 1980) and elements of the long ranging species Gnathodus semiglaber
and G. cuneiformis are nume rou s.

anchoralis-latus Zone. - The biozone is defined by the presence of Scaliognathus anchoralis and
Doliognathus latus. S. anchoralis is represented by two subspecies S. a. anchoralis and the more frequ ent
S. a. europensis. Hindeodella segaformis, considered the Se element of the Scaliog nathus apparatus, is
always present in assoc iation with Pa element of Scaliognathus. Test samples B535 and FV53 were
assigned to the zone based on the eo-occ urre nce of Pseudopolygnathus pinnatus M 2 and Gnathodus
pseudosemiglaber. Thi rty eight samples were assig ned to the zone . For the com plete list of the samples,
please refer to the Appendi x. Gnathodus cuneiformis, G. semiglaber, and G. pseudosemiglaber are the
more abundant species followed by Scaliognathus anchora lis and Pseudopolygnathus pinnatus M2 (Tables
1-4).

texanus-homopunctatus Zone. - In some of the studied sections (Figs 1, 2 and Tables 1- 3, PS,
SSFM, DL, SCP, CCS , CSA), an abrupt change in the conodon t fauna association is clearly recognizable
above the last appearance of Scaliognathus anchoralis. We interpret this change as transit ion between the
anchoralis- latus Zone and the texanus-homopunctatus Zone. In these sect ions, a stratigraphic interval
charac terized by a monotonous, long-ranging gnathodid fauna is always present in the interval between
the last appearance of all sca liognathids and pseudopolygnth ids and the first appearance of other spec ies
such as Gnathodus texanus, Pseudognatodus homopunctatus, Lochriea cracoviensis, G. praebilineatus,
and Pd. symmutatus. This interval ranges in thickness fro m 80 cm in Dolina section (DL) to 5 m in Sotto
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Table 5
Comparison of differen t biozonati ons proposed for the discussed part of the Early Carb oniferous.

237

Wester n ~I~Ie~ Sl"le~ ~renees ~elgium Pol t nd 'igg,~~g~ Standard Carnic Alf'
r ook un n bcrg, 99 1 erret and Delvolve , 1994 roessens. 1974 Be a. 1985

Ziegfer and Lane. 1987
this pape

bilincatuv-U. Cavusgnathus Pg nodosus-Gn . bilinea tus FUIO

. ~
bilineatus FU9

E
L. Cuvusgnathus Go. bilineatus-Pg, cornrnututus ] commutatus austini FU8

~oe~Hrl~~f~~~~'t;~ . texanus Ps. hornopunctatus hom opunctatus texanus texanus texanus-hornopunctatus

anchorulis-fatus Sc. anchora lis
~

r,ncnora lis anchoralis-Iatus anchoralis-latusur ingtonensis anchora lis
3 tUS

"
ru~~k~~~ U. typicus U.lypicusU. lypicus

c

~
~.n . puncjaju s- fir. ~u~l yncki cuneifonnis

I.. typicus iphonodella ; ass I L. typicus L. typicus

isost icha-U. crenulata de licatus isosticha-U, crenulata isosticba-U. crenulata8

L. crenulata crenulata L. crenuJata

Ci ma Plott a section (SCP) (Fig. 2) and co ntains a co nodont fauna that co nsists mainl y of Gnathodus
semiglaber, G. pseudosemiglaber, and G. cuneiformis , the species which are numerically most abunda nt
either in the anchora lis- latus Zone or in the texanus-homopun ctatus Zone. Thi s interval is assigned to
the texanus-hom opunctatus Zone, even though the associ ation co uld also be compatible with the ancho
ralis-latus Zone.

The nearl y sinchronous disapp earance of sca liog nathids and pseud opolygnathids is used here to define
the lower limit of the zone . After this doubl e di sapp earance, the co nodont association undergoes an
import ant change : the decrease in generic and spec ies diversity. Thi s decrease document s the post ancho
ralis-latus Zone (early Visean), low diver sity episode described by ZIEGLER and LANE ( 1987) and already
recogn ized in the Carni c area by SCHONLAUB and KREUTZER (1993). One hundred and three sa mples , as
detailed in the Appendix, were assigned to the zone .

Our data suggest that , in the Carnic Alps, Gnath odus texanus is very rare . We are aware, how ever, that
this may depend on the rel atively low weight of samples. Th e species was found only in the isolated test
sample PPLO I and in the Rio Chi analett a section (RC) (Fig. 2 and Tabl e I ). However, the entire length
of the sec tio n was assigned to texanus- homopunctatus Zone based on the presen ce of other species such
as Pseudogna thodus homopun catus that appea rs starting from the low ermost sample (RC Ia) . The above
menti oned , associated spec ies Pseudognathodus homopun ctatus, Lochriea cracoviensis, G. pra ebilinea
tus, and Pd. symmutatus were used to recogni ze the zo ne in all oth er samples lacking the marker.

In the examined assoc iations (PS, SSFM, DL sections) Pseudognathodus homopun ctatus, which was
used by some authors (GROESSENS 1974 ; VARKER and SEVASTOPULO 1985 ; PERRET and DELVOLVE 1994 )
to define and name the biozon e immed iately above the anchoralis- latus Zone, appea rs here. Its lowest
occ urrence s are in samples PS9 (Pos tazione section, Fig. 2 and Tabl e 3) and DL 13 (Dolina sec tion, Fig. 2
and Tabl e 2), 1.5 m and 3 m above the di sapp earance of scaliognathids and pseudopolygnathids respec
tive ly. Its distribution is similar to that reported from North Ameri ca by POOLE and SANDB ERG (1991 ).
How ever, BELKA ( 198 5) found Pd. homopunctatu s in association with Scaliognathus anchoralis.

The appea rance of L. craco viensis is .here used as an additional aid to recognize the texanus- homo
punctatus Zo ne . According to BELKA ( 1985) , Lochriea cracoviensis first occurs at the base of the texanu s
Zo ne. In the examined sections , the lowest occ urrence of this species is in sample DL 3 (Dolina sec tion,
Fig. 2 and Tabl e 2) , 80 cm above the disapp earance of sca liog nathids and pseudopolygnathids.

Gnath odus praebilineatus is also used to recogni ze thi s zone. Its lowest occ urrence is in sample DL6
(Dolina sec tion, Fig . 2 and Tab le 2) , 1.5 m abo ve the disappearance of scaliognathids and pseudopolyg
nathids. We assigned to G. praebilin eatus the elements with a long parapect ex tendi ng to, or almos t to,
the poster ior tip; a simple posterior blade sometimes very slightly ex panded in its posteriormost part ; and
the outer cup with nodes so metimes arranged in row s (PI. 2: 9). Th ese for ms co uld be transiti onal between
G. semiglaber and G. pra ebil ineatus. Moreover, we assigned to G. praebilineatus the e lements with a
parapect reaching the posterior tip , simple posterior blade, and wide outer cup with nodes arranged in
row s (PI. 2: 8). In our opinion, these elements are true G. praebilin eatus. We fo und them on ly in Rio
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Chianaletta section (samples RC2, RC7, RC 11, RC 16, Fig. 2 and Table 1), i.e. the section we believe to
be stratigraphically higher. The distribution of G. praebilineatus in the Southern Alps is strati graphically
lower than that reported for Poland by BELKA (1985). In fact, the lowest occurrence of the species was
described and cited from the base of the austini biozone of BELKA, which follows the texanus Zone. On
the other hand, some scattered occurrence of G. praebilineatus in the strata above the last appearance of
S. anchoralis, were reported from the Pyrenees by PERRET and DELVOLVE (1994). Pseudognathodus
symmutatus occurs within the texanus-homopunctatus Zone.

Taking into account all the previously assembled data, we suggest that, for the Carnic Alps , the
discussed zone may be named texanus-homopunctatus Zone (Figs 2-4 and Table 5). This is in recognition
of the fact that Pseudognathodus homopunctatus is best represented numerically (Tables 1-4) among the
taxa used as additional aid in recognizing the zone above the anchoralis-latus Zone.

While the present study was in progress, a paper on Early Carboniferous conodonts from a section
located in the Italian Carnic Alps was published by SCHONLAUB and KREUTZER (1993). These authors
found, in their Cima di Plotta section, a conodont association very similar to that present in our Sotto
Cima Plotta (SCP) section. In fact, Cima di Plotta was sampled only ten meters or so away from SCP.
The Cima di Plotta lithologic units are about the same in thickness as those of SCP. SCHONLAUB and
KREUTZER (1993) reported Gnathodus praebilineatus approximately four meters above the disappearance
of scaliognathids, which is nearly the distance between samples SCP6 with last appearance of scaliogna
thids , and SCP26 with G. praebilineatus, (Fig. 2, Table 2). However, the concept of G. praebilineatus as
described and figured by SCHONLAUB and KREUTZER (1993: p. 256; pI. 6: 7-11), is not in accordance with
the original diagnosis of the species and related remarks as given by BELKA (1985). In our opinion,
elements like those figured by SCHONLAUB and KREUTZER (1993: pI. 6: 7-11), having a short parapet and
expanded posterior blade, should be included in G. semiglaber. Moreover, these authors found G. texanus
both in association with scaliognathids as well as after their disappearance. The elements figured in PI.
5: 1-3, could represent transitional forms between G. pseudosemiglaber and G. texanus but are, more
likely, to be G. pseudosemiglaber. Some elements from sample 91/23 - a few decimeters above the
occurrence of those described as G. praebilineatus, figured by SCHONLAUB and KREUTZER (1993: pI. 6:
12-14) and reported as early representatives of G. bilineatus bilineatus - seem to better fit the description
of G. praebilineatus sensu BELKA (1985). Therefore, these last elements may correspond to those we
found in sample SCP 26 (Fig. 2 and Table 2).

CONODONT BIOFACIES

In addition to the biostratigraphic study, a biofacies analysis was also conducted.
The biofacies model of SANDBERG and GUTSCHlCK (1984) was applied for the levels assigned to the

anchoralis-latus Zone. The presence of Scaliognathus and rare Doliognathus allows for the assignment
of those levels to the second (scaliognathid-doliognathid) biofacies of the model. This biofacies indicates
a basinal environment; a depositional environment corresponding to offshore, moderately deep, pelagic
conditions was inferred using similar data by SCHONLAUB and KREUTZER (1993).

All levels assigned to biozones before and after the anchoralis-latus Zone produced a high percentage
of gnathodids, almost always representing the majority of the fauna. They are often associated with
vogelgnathids, considered to be an indicator of pelagic facies (BOOGAARD, VAN DEN 1992), and thus, the
levels can be referred to an offshore environment.

In the studied material two species of Vogelgnathus are present from the isosticha-Upper crenulata
Zone to the texanus-homopunctatus Zone. The Pa elements referred here to as V. campbelli resemble
closely those figured by NORBY and REXROAD (1985: pI. 2: 3-10), but they do not have nodes. V. sp. A
has about the same length/height ratio as V. campbelli, but has a wider basal cavity and shorter recurved
denticles bent toward the posterior tip . The numerical distribution is extremely variable (see Table 1,
samples SCP9 and SCPlO).

In any case, the result of biofacies analysis confirms a basinal setting for the limestones, a finding
reinforced by lithologic and sedimentological data. As expected, most of the Lower Carboniferous goni
atite-bearing limestones of the Carnic Alps were deposited in a stable, pelagic environment almost
completely lacking nearshore influences (SPALLETTA and VENTURINI 1990).



CONODONT DISTRIB UTION IN THE CARNIC ALPS 239

It is noteworthy, that the levels lacking species indicative of the texanus-homopunctatus Zone 
immediately above the disappearance of sca liognathids and pseudopolygnathids, but still referred to the
zone (RCA, PS, SSFM, SCP, CCS , CSA sections) - could be interpreted as indicating a change in biofacies
rather than in biozon e. The idea of a possible biofacie s chan ge was not rejected a priori , because a local
fluctuation of the sea- leve l could have been quite well framed in the scheme of geody namic evolution of
the Paleocarnic Domain , as previously discussed .

A paleoenvironmental change from pelagic to more onshore settings during the upper part of the
anchoralis-latus Zone, may have led to a biofacies change from the second to the third biofacies of the
SANDBERG and GUTSCHICK (1984) model. The third biofacies, ind icative of a middle-upper slope environ
ment , is characterized by gnathodids and pseudopolygnathids. In the samples from the studied sections,
Pseudopolygnathus abruptly disappea rs always along with Scaliognathus. Thi s disappearance, in the
authors' opinion, was more likely due to an evolutionary and chrono logic event rather than to a biofacie s
change, and therefore, the discussed levels are assigned here to the texanus-homopun ctatus Zone.

THE TOURNAISIAN/VISEAN BOUNDARY

In the Lowe r Carboni ferous of Bel gium, which contains the type sections of the Tournaisian and Visean
series, the boundary is traced on the basis of the appearance of Pachyspha erina pacliysphaerica . Pseu
dognath odus homopun ctatus first appears in a short distanc e above this level.

Until now, the Tourn aisian/Vi sean boundary has not been link ed to the base of any conodont zone.
However, most of conodont work ers see m to consider the base of the texanus Zon e as coin cident with the
lower boundary of the Visean (WEBSTER and GROESSENS 1991). Alth ough these authors stated that the
base of the texanu s Zone may correspond approx imately to the fir st occurrence of Mestognathus pra e
beckmanni in Belgium, they presented on their fig. 2 the lower limit of the texanus Zone at the same level
as the Tournaisian/Vi sean boundary (base of Eoparas taffe lla, within Moliniacian stage), well after the first
appearance of Me. pra ebeckmanni and not long before the first appearance of Pd. homopun ctatus in
Belgium. Therefore, the definition of the bound ary, in term s of conodont zonation , requires further
investigati ons.

In the Carnic Alp s, the tran sition betw een the anchoral is-latus Zon e and the texanus-homopun ctatus
Zone is well marked by the synchronous disappearance of scaliognathids and pseudopolygnathids (PS,
SSFFM, DL, SCP, CCS and CSA sections). Above this critical interval, which is minimum 80 cm thick,
a low diversity conodont ass ociation always appears. It is followed by the first occurrences of Pseudog
natodus homopun ctatu s, Lochriea craco viensis, G. praebilineatus, and Pd. symmutatus. All these species
are useful as additional aid to recognize the texanus-homopun ctatus Zone.

None of these species appears imm ediately after the disappearance of scaliognathids and pseudopolyg
nathids. In all the examined sections, there is an inter val devoid of new appearances, which is characterized
by a monotonous, long-ranging, gnathodid faunal association. Moreover, the first appearance s of the above
mentioned spec ies are, in the diffe rent sections, at a variable distance above the disappearance of scaliog
nathids and pseudopolygnathids. Lochr iea cracoviensis, Pseudognathodus homopuncatatus, Gnathodus
praebilineatu s, and Pd. symmutatus are not always present together and the ir first occ urrences do not
follow the same stratigraphic order in the different sections (Fig. 2 and Table s 1-4). The lowest of these
first appearances is that of Le. cracoviensis in sample DL3 (Dolina section) about 80 cm above the
disappaerance of Scaliognathus and Pseudop olygnathus, Le. cracoviensis appears in Belgium well above
the occurrenc e of Pd. homopuncatu s, at about the same level, at which the primitive archaedisc ids first
appear (WEBSTERand GROESSENS 1991). BELKA(1985) describ ed and cited Le. cracoviens is from the base
of the texanus Zone. In the Dolina section, Pd. homopun ctatus was found in sample DLl4, 250 cm above
Le. cracoviensis (Fig. 2, Table 2). We inferred that , in the Carnic Alps, Le. cracoviens is appear not long
after the end of the anchoralis-latus Zone.

Because the basinal environment was quite stable, we do not believe that the disappearance of
scaliognathids and pseudopolygnathids is due to environmental changes. Moreover, we do not have any
evidence of gap s in the sequence. Therefor e, we use the most cle arly recognizable conodont event , the
synchronous disappearance of Scaliogna thus and Pseudopolygnathus genera, to define the lower limit of
the texanus-homopun ctatu s Zone.



240 MARIA CRISTINA PERRI and CLAUDIA SPALLETTA

We are aware that the lower limit of the the texanu s-homopunctatus Zone as defined here may not
corre spond to the lower limit of the texanus Zone as defined by the first occurrence of Gnathodus texanu s.
Therefore, on Fig. 4 we have only tentativ ely correl ated the base of the texanus-homopunctatus Zone with
the possible position of the Visean/Tournaisian boundary.
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APPENDIX

Sections and samples No Abbrev. is.-U .cr.Z. L.typ.Z. U.typ.Z. anch .-lat.Z. tex .-hom.Z.

MCA 9-MCAI 2

PS5A
PS2-PSIO

CCS9-CCS IO
CSA I4 B- CS A I5

CS A I4L

SSFM2A -SSFM 3
DL3- DL 35

S4 6
SCP7-SC P26

PPLOI

RCA -I/RCAO
RCl a-RCI7;18 a.b

TR A7
FY43
FY54

CRSC2

B535
SP5 -SP9

B534

PSI
B533

SSFM I- SSFM2
DLI -DL2

SC P l-SCP6 I

Pl!1-Pll5
CCS 4-C CS8

CSA I4A

I

I I
I !
I PRTl O-PRT3 I

SP4

CCS3

RCA -2

PPLI -PP L6

RCA -3

C RSC I
l72b

RCA
RC

B~~5 !
B534 .
PS5A i

PS i
B533

SS FM
DL
S46

SC P I
PPLO i
PPL i
PI! I

CCS I
CSA

CS A I4L I
T RA I
f'Y43 I
FY54

CRSC I
l72b

MCA !
PRT i

I

I

2
3

5
6

I ~
'I

J()

13
15

17

18

19

23

24

25

26

lE
1

31

32 I
I 34 I
I 35 I

Rio Chiana letta Alto
Rio Chianaletta
B535
Spinoui
B534
Postazi one 5A
Postazion e
B533
SOllO Sen tiero per Foreell a Monumenz
Dol ina
Stop 46
SOllO Cima Plotta
Piastrone Plotta OYes!
Piastrone Plotta
Passo II
Casera Co llinetta di So pra
Casera Collinetta di Sotto A
Case ra Co llinetta di Sotto A 141.
Tr ineea A
FV43
FY54
Creta di Rio Secco C
l72b
M. Cavallo A
Pricot
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CONODONT DISTRIBUTION AT THE TO URNAISIANNISEAN BOUNDARY IN THE CARNIC ALPS
(SOUTH ERN ALPS , ITALY)

PLATE I

Dollymae bouckaerti GROESSENS, 1971

I . a lower, b upper view, sample SP 4, x 81. 932359, IC 1580.

Eotaphrus burlingtonensis PI ERCE et L ANGENHEIM, 1974

2. a upper, blower, c lateral view, sample P13 I, x 81, 932354, IC 1581.

Gnathodus cuneiformis M EHL et THOMAS, 1947

3. Upper view, sample DL 13, x 60, 944313, IC 1582.
4. Upper views, sample SCP 9, x 60, 932385 , IC 1583.

Gnathodus delicatus BRANSON et MEHL, 1938

5. Upper view, sample B 535, x 60, 932378, IC 1584.

Protognathodus cordiformis L ANE, SANDBERG et ZIEGLER, 1980

6. Upper view, sample SSFM I, x 60, 932375, IC 1585.

Protognathodus praedelicatus L ANE, SANDB ERG et ZIEGLER, 1980

7. Upper view, sample P13 I, x 60, 932374, IC 1586.

Gnathodus punctatus (COOPER, 1939)

8. Upper view, sample RCA -3, x 60, 944300, IC 1587.

Gnathodus semiglaber BISCHOFF, 1957

9. Upper view, sample RC 4, x 60, 944305, IC 1588.
10. Upper view, sample SCP 12, x 60, 932404 , IC 1589.
11. Upper view, sample DL 17, x 60, 944289 , IC 1590.

Gnathodus pseudosemiglaber THOMPSON et FELLOWS, 1970

12. Upper view, sample SCP 15, x 60, 932405, IC 1591.
13. Upper view, sample SCP 9, x 60,932408, IC 1592.
14. Upper view, sample DL 9, x 60, 944286, le 1593.
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CONODONT DISTRIB UTION AT THE TO URNAISIANNISEAN BOUNDARY IN THE CARNIC ALPS
(SOUTHERN ALPS, ITALY)

PLATE 2

Doliognathus latu s M3 BR ANSON et M EHL, 1941

I. a upper; b lower view, sample SSFM I, x 60, 93236 I. IC 1594.

Scaliognathus anchoralis anchoralis BRA NSON et MEHL, 1941

2. a upper; b lower view, transitional form from S. anchoralis europensis, sample SSFM I, x 60,
932363, IC 1595.

Scaliognathus anchoralis europe nsis L ANE et Z[EGLER, 1983

3. a upper, b lower view, sample SCP 2, x 60, 932366, IC 1596.

Gnathodus texanus R OUNDY, 1929

4. Upper view, sample RC 11, x 60, 944073, IC 1597.
5. Upper view, sample RC 8, x 60, 944308, IC 1598.

Pseudognathodus homopunctatus (Z [EGLER, 1962)

6. Upper view, sample DL 30, x 81, 944396, IC 1599.
7. Upper view, sample DL 35, x 81, 944397, IC 1600.

13. Upper view, sample SSFM 3, x 8 I. 932373, IC 1601.

Gnathodus pra ebilin eatus B ELKA, 1985

8. Upper view, sample RC 11, x 60, 944309 , IC 1602.
9. Upper view, transitional form from G. semiglaber, sample DL 30, x 60, 944291. IC 1603.

Lochriea cracoviens is B ELKA, 1985

10. Upper view, sample RC 11, x 60, 94433 1, IC 1604.
I I . a upper, b lateral view, sample RC 11, x 60, 944334, IC 1605.

Gnathodus pseudosemi glaber THOMPSON et F ELLows, 1970

12. Upper view, sample SCP 4 x 60,932411 , IC 1606.

Polygnathus flabellu s BR ANSON et M EHL, 1938

14. a lower, b upper view, sample RC 3, x 60, 944320, IC 1607.

Vogelgnathus campbelli (RExROAD, 1957)

15. Lateral view, sample DL 30, x 81, 944327, IC 1608.

Pseudopolygnathus pinnatus M2 V OGES, 1959

16. a upper, b lower view, DL I, x 60, 9443 [5, IC 1609.

Pseudopolygnathus oxypageus L ANE, S ANDBERG et ZIEGLER, 1980

17. Upper view, sample DL 2, x 60,944318, IC 1610.

Polygnathu s bischoffi RH ODES, A USTIN et DR UCE, 1969

18. a lower, b upper view, sample PS 1, x 60, 932347, IC 161I.
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