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ON THE FAUNA OF THE UPPER CAssIAN ZoNE IN FALZAREGo 
v ALLEY, SOUTH TYROL. 

By M. M. 0GILVIB GORDON, D.Sc. 

HAVING the opportunity of revisiting Munich, I have drawn 
up a list of the fossils which formed the basis of the "Upper 

·Unssian Zone," erected by me in 1893. These fossils,1 when 
.I discovered them in Falzarego Valley in 1891, were then for the 
most part unknown. The tuft's and breccias in which they occur 
had been referred by Loretz to the fossiliferous Raibl horizon of 
:the Schlem Plateau, and by Mojsisovios to the much lower horizon 
;or Wengen strata. I found, by careful collection from strata in 
position, that the fauna, in addition to a fair proportion of St. Cassian 
:types and a few Raibl types, comprised a number of types common 
both to Cassian and Raibl horizons aad a still greater number of 
·species which had not been found elsewhere (Q.J.G.S., 1893, pp. 31, 
44, 46, 47). 
. Judging both from the transitional Cassian-Raibl character of the 
fauna and from the stratigraphical position of the fossiliferous series 
in the field, above a zone cQntaining typical St. Cassian fauna, 
I concluded that this Falzarego Valley fauna represented·a palmonto­
logical zone younger than the typical St. Cassian fauna as known at 
Stuores and Prelongei, and older than the lower Raibl fauna as 
known at Schlern Plateau and described by von Wohrmann and 
'Koken.• I therefore placed it as an independent palmontological 
liilCne, naming it- Upper Cassian.3 This determination of an Upper 
Cussian zone in South Tyrol practically demonstrated the same 
gradual faunistic transition from Cassian to Raibl zones in South 
'l'yrol which had been demonstrated by von Wi:ihrmann' in the 
Curdita and Raibl strata of North Tyrol. 

1 My zonal collections from the Enneberg and Ampezzo Upper Trie.11 are in the 
Palmontological Museum in Munich. 

2 von Wobrmann und Koken: "Die Faunen der Raibler Schichten von Schlern­
plateau": Zeitschr. d. D. geol. Ges., 1892. 

• Ogilvie : " On the Wengen and Cassian Strata in Southern Tyrol," Quart. 
Journ. Geol. Soc., 1893; "Coral in the Dolomites," GEoL. MAG., 1894. 

• von Wobrmann: " Die Fauna der sogenannten Cardita u. Raibler Schichten 
in den Nordtiroler u. bayerischen Alpen" : Jah_:b. der k.k. geol. Reiche., 1889. 
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After the publication of my paper in 1893, at Dr. Bittner's 
·request I sent to him in Vienna my private collection of the 
Falzarego Valley fauna. I hoped that in Vienna, among the South 
Tyrol collections of the Austrian Geological Survey, a nearer 
identification of the material might be attained. Thus the fauna 
has had the advantage of Dr. Bittner's close examination and 
judgment, and I am now in a position to publish a list of the 
types named in accordance with the most recent advances in the 
literature of Alpine Trias.1 The Lamellibranchs have for the 
most part been described and illustrated in Dr. Bittner's " Mono­
graph." The Roman numerals and figures entered in the list 
refer to that work, and the bivalves are enumerated in the order 
adopted there. 

LIST OF FOSSILS • 

.4hbret1iations.-c• = occurrence in Stuores-Cassian zone; R• = occurrence in Raibl 
zones. S.Pl. after R = occurrence also in the Raibl beds of Sohlem Plateau. 

Lill:BLLilllUNCIIIATA. 
Cuapidat"ia siliqua, Bittn. (i, 19, 20) 
Gonodon (Co1·his) pkma, Mnst., sp. ... ... ... 
Laubeia (Megalodus) strigilata, Klipst., sp. (ii, 13-18) 
.4.startopis Richthofeni, Stur .. . .. . .. • . .. 
Myophoriopis lineata, Mnet., sp. (xiii, 1-6) 
Myophoria deemsata, Mnet., sp. (xii, 1-8) 

, , fiasidentata, von Wohnn. 
Myophoria (P) solitaria, Bittn. (:uiv, 27) 
T1-igonodus Rahlemia, Gredl., sp. ... ... .. . 
Cucullma (Macrodon) impressa, Mnet., sp. (:r.v, 1, 2) . .. 
Pinna, sp. inn. (v, 15, 16) 
A.vicula Stur� (= pars .4.. Gsa, D'Or�.), Bittn: (viii, �� 4) ... 

,, Caaaiana ( = pars .4.. Gsa, D Orb.), B1ttn. (vm, 6) ... 
,, Cortinemia (afl' • .4. Gea, D'Orb.), Bittn. (viii, 5) ... 
,, Tofanll!, Bittn. (viii, 9-11) 

Casaianslla suglypha, Lbe. (vii, 1) 
tkcussata, Mnet., sp. (vii, 6-15, 20) 
angu1ta, Bittn. (v, 23-26) 

,, .Ampnzana, Bittn. (vi, 10, 11) 
Hoernsaia Johannt"a .4.ustrim, Klipst. (:1, 10-1/i) 
GertJillla anguata, Gdf. (i:I, 13) 

,, angulata, Mnst. (ix, 11-17) ... 
,, Ogilvim, Bittn. 

Peeten tubulifer, Mnst. (n:1, 13-15) 
,, cf. auristriatus, Mnst. (m, 23-26) 

alf. Saeeot", Par. (n:1, 22) ... 
,, afl'. mbdemiaBUS, Bittn. (:1i:I, 29) 

Landranus, Bitto. (xii;, 21) 

1 Bittner: "Die Brachiopoden der Alpinen Trias," Abhandl. der k.k. geol. Reich­
sanstalt, Wien, 1890; ''Die Lamellibrancbiaten der Alpinen Trias,•• Theil i, ••Revision 
der Lamellibranchiaten von St. Cassian," Wien, 1895. Kitt!: "Die Gastropoden 
der Schichten von St. Cassian der Sid-Alpinen Trias," Annalen des k.k. natnrhist. 
Hofmuseums, Wien, 1891; ''Die triadischen Gaetropoden der Marmolata u. verwandt • 
.l''undstetten in den weissen Ri:ffkalken Siidtirols," J ahrb. k.k. geol. Reichs., 1894 ; 
"Die Gastropoden der Esinokalke nebst einer Revision der Gastropoden der Mar­
molatakalk," Annalen des k.k. naturhist. Hofmuaeums, Wien, 1899. Salomon u. 
Bohm : "Fauna der Marmolatakalk," Palmontographica, 1896, 
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Lima 1111gulata, Mnst. (var. opulmta, Bittn.) ... ... • 
,, (Plagioatoma) subpunetata, D'Orb. (xxi, 19, 20) • 
,, (Mysidioptera P) apinigsra, Bittn. (xx, 82) 

Mysidiopt8ra aff. 1Jizeostata, Stopp. (u:, 30) ... 
,, cf. tenella, Bittn. (xxi, 1) 

Plicatula solsa, Lbe. . . . . .. . • 
,, Ogiwirz, Bittn. (xxiii, 20, 21) ..• 

Placunopsia, ap. indet. (xxiii, 16) ... 
Solen, Mytilus, Anaplophora, and Myaoitu (in poor specimens). 

GABTEROPODA. 
lJentalium azmild, Mnst. .. . 
.Acmrza (Patella) campanrzfonnis, Klipat., ap. 
Patella capulina, Braun (P gi·anulata, Lbe.) 
Neritopris clecu88ata, Must., ap . ... 

,, armata, Mnst., ap. 
Neritina Wiitans, Kittl .. . .. • 
Eucycloacala (Scalaria) ornata, Mnst., ep. 
Collonia cincta, Mnst., ep. ... . .. 
lJelphinulopsia, ap. indet. 
Naticopsis t18'f'itacea, Mnat., ep . ... 

,, ezpansa, Lbe., ap. • •• 
,, aff. Casriana, Wiaem., ep. 

Ptychostoma pldurotomoitles, Wisem., sp. 
Ptychostoma, n.ap., aff. Troohei, Kittl ... 
Hologyra Ogiwirz, Bohm 
Lozonema, sp. 
Goniogyra, n.sp . ... 
Natica plicatilis, Klipst. 
Spirostylus aubcolumnaria, Mnst., sp. 

,, columnaris, Mnst., sp .... 
Euthystylus haatile, J. Bohm (Orthostylus cf. Fuohsi, Kittl) 
HypBipldura su�nodosa, Klipet., sp. ... ... . .. 
Cu;lostylina crarsa, Mnst., sp. .. . 

,, sp., cf. infrastriata, Kittl 
Promathiltlia (Thrritella) aubornata, Mnsi., 1p. 

" sp. p ... ... . ... ... . .. 
Pseutlom8lania (Thrritella) cf. 1imili1, Mnat., sp. 

CBPllA.LOPODA. 
.Aulacoc8'f'as induoena, Mojs. 
Orthoceras elegana, Mnst. 
Nautilua, sp. indet. 
Lobite• (Clydonites) nautilinus, Mnst., ep. 
Traehyceras .A.on, '.Mnst., sp. . .. . .. 
Pinaeoc8'f'aa Philopat8'f', Lbe. ••• . .. 

BRACllIOPODA. 
Cyrtina Buchii, Klipst., ep. 
..dmphiclina soitula, Bittn. 
Thecospira tenuiatriata, Bittn. (aff, T. Giimblli) 
Rhynchonella cf. t1-icostata, Mnat., ep . ... 
T8rebrat11Za, n.ep., aff. Cassiana, Bittn. 
Waldheimia, n.sp. 

ECHINODERMATA. 
Cidaris paraatadifera, Schafh. 

dorsata, Braun .. . 
alata, Ag. 
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Cidai'is Hausmanni, Wissm. 
,. · decorata, Mnst. 

: Braunii, Desor .. . 
,. . fazuos.a, Mnst . .  .. 
,, . Liagora, Mnst ... . 

Enti-ochus (Encrinus) Cassianu•, Lbe., sp. 
,. granuloms, Mnst., sp. 
,. varians, Mnst., sp. 

(Pentaci·inus) Tirolensis, Lbe., sp. 
,, propinquus, Mnst., sp . ... 

.. 
" 

CCl!LBNTERATA. 
Cladophyllia subl<Bvia, Mnst., !IP· 
Isa8tr111a GUmbeli, Lbe. . . . . .. 
Tkamnastraa Zitteli, von Wiihrm. 
To1chastt-aa Oppeli, Volz. 
Stylina, n.sp., and several Thecosmilia, sp. ind. 

c R -- ----
• • 
• 
• • 
• 
• 
• • S.Pl. 
• • 
• 
• • 
• • 

• 
• 
• 
• 

Reckoniug the percentages from the Lamellibranchs as a sure 
standard, the result yields 34 per cent. new species not yet known 
in any of the Cassian or Raibl zones of Alpine Trias; 25 per cent. 
species present in the Stuores -Cassian fauna but not in Raibl 
horizons ; 25 per cent. speoies common both to Stuores-Cassian 
and to Raibl faunas; and 16 per cent. species present in Raibl 
horizons but not in the Stuores-Caesian fauna. 'l'he thick-shelled 
larger habitus of the bivalves at once marks a difference from the 
Stuores-Cassian fauna, and presents a striking resemblance to the 
character of recognized Raibl faunas in this district, e.g. the Tra.­
vernanzes Raibl fauna at the higher horizons in Falzarego Valley 
and the Schlern Plateau Raibl fauna farther west. This faunistic 
transition in the bivalves is undoubtedly attributable to renewed 
local accumulations of tuft' and volcanic dust, to strong current 
action, and the frequent reconstitution of littoral molluscan colonies 
at one place or another as the ernptive invasions permitted. The 
same transition seems to have taken place simultaneously in the 
neighbouring localities of Rimbianco, Misurina, and· Seeland Alpe 
(Q.J.G.S., 1893, pp. 24, 33, 36). 

While the list shows clearly the close affinities of this fossiliferous 
zone with the older Stuores-Cassian fauna, a few observations may 
be made regarding the affinities with the younger Raibl fauna.. 

The most commonly occurring genera among the bivalves a.re 
Avicula and Cassianella. According to Dr. Bittner's terminology, 

·two species, A. Sturi and .A. Cassiana, represent the older name of 
A. Gea, while .A. Cortinensis has close affinity with these species. 
On the actual ground it was .d.. Sturi which distinguished itself by 
the n.umber of its representatives. On the other hand, .Avicula 
TofanOJ is a more distinctive local type. A. Stu.ri occurs in North 
Tyrol at a high horizon of the Cardita strata, and continues in the 
upper (Torer) Raibl fossiliferous series. Hoernesia Johannis Au.strim 
and Ge1·villia angusta likewise continue, both in North and South 
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Tyrol, in the Upper Raibl zone (von Wohrmann, loo. cit., N. Tyrol, 
1889, p. 250). 

Cassianell<1 decussata and Cu.cullfJJa impressa are present in the 
Schlern Plateau strata, which von Wohrmann regards as oon­
tem poraneous with the 'Upper Cardita' or 'Lower Raibl' series 
in North Tyrol.1 Opinions differ regarding the absolute identity of 
the two species Myophoria decussata and Myophoriopis lineata, in 
the Falzarego fauna, with the types described by von Wohrmann 
at Schlern Plateau, hut the affinity is certainly close. Mgophoria (?) 
solitaria has, accoruing to Dr. Bittner, nearest resemblance to a Raibl 
form, M., sp. Tommasi. The Gervillias and Pectens are genera which 
are relatively exceedingly rare in the Stuores-Oassian zone, but here, 
as in Raibl strata, they are of common occurrence and oompri�e 
a few species identical with, or closely related to, Raibl species. 

Thus, the close examination whioh the Cortina Lamellibranchfi 
have now undergone has served to prove that the evidence which 
I gave in 1893 of an Upper Cassian or Cassian-Rliibl transition 
:z;one was well-founded. Previously to 1893 the only intermediate 
Lamellibranch fauna known in South Tyrol between the Stuores· 
Cassian zone and the typical 'l'orer Raibl zone was the Schlern 
Plateau fauna, but a palreoutologioal gap existed between it and the 
Stuores-Cassian zone. 

With regard to the Gastropods in the foregoing list of the Upper 
Cassian fossils in Falzarego Valley, the majority of the species are 
identical with Cassian species. 'l'his is natural, since the Stuores­
Cassian fauna is characterized by the extraordinary number of small 
Gastropod species and individuals, whereas the Raibl fauna is 
characterized by a greater number of Lamellibranchs in propo1-tion 
to the numbe1· of Gastropod species. As a local feature it may 
be noted that certain species, e.g. Neritina imitans and Scalaria 
ornata, Rre present in relatively fa1· greater number of individuals 
in the Falzarego area than in the Stuores Meaflowland. More 
important as a sign of transition is the occurrence in large numhei· 
of individualt1 of two species, Neritopsis decussflta and armata, which 
are common both to the Stuores-Cassian zone (in small number) and 
to the Schlern Plateau and other Raibl faunas. Ptychostoma pleuro­
tomoides 2 is a species numerously represented in the Upper Cassi11n 
zone in Falzarego Valley and at Heilig-Krenz, and is one which 
continues in Raibl horizons. 

Another inte1·estiug feature in connection with the Gastropofls 
is, that several species are identical with species found in the 
Marmolata-Kalk or calcareo-dolomitic facies south of this area, and 
that the beds of dolomitic limestone which immediately overliu 
the Falzarego tuff� are locally full of Gastropod fossils. 'l'he 
transitional Cassian-Raibl relations of the other groups call fur 
less remark. Amongst the Brachiopods, Amphiclina scitula, amongst 

1 von Wahrmann, "Die Re.ibler Schichten," m. Uebersichtstabelle: Jahrb. k.k. 
Reiche., 1893, p. 768. 

2 See Kitt!, "Die Gastrc>poden der Schichten von St. Caseian der Siid-.Upincn 
Trias": loc. cit., pp. 167-8. 
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the Echinoderms, P�ntaci·imu Tirolensi1 and Oidaris parastadifera, 
continue in the highest Raibl horizons. In all groups the revised 
list is found to fulfil the requirements of a palieootologioal bridge 
between the Stuores-Oassian and the Schlern Plateau (or Upper 
Oardita) strata, and therefore to merit the place I assigned to the 
fauna. in the percentage table and accompanying remarks of my 
earlier paper (Q.J.G.S., 1893, p. 44; also GEoL. MAG., 1894, p.10 seq.). 

I now submit the complete series of Upper 'l'riassio zones in 
Falzarego Valley. 

PALlEONTOLOGICAL AND STRATIGRAPHICAL SERIES. 

LoCALITY : 8CHLBRN. 
Comparative extract from 

1'0n WO.hrmann'a ••Die Raibler 
Schichten": U ebersicht&tabelle, 

1893. 

Horizon d (von Wohr.). 

Dolomite banks 
with 

apeciR of M11alodua. 

Dolomite with coral 
growths, ete. 

Horiz.on e (von Wohr.). 
Red Schlern Plateau 

foBBiliferous strata with 
Myophoria .fissidentata 
and Kef•,..t•inii, 
PtUhycardia Haueri, 
Trif1onodus Rablensis, 
Hoernesia Johannis 
.A.ustri111, Patella J. 
Boehmi, 1'retospfra 
multisfriata,, Joa.Mites 
cymbifo,.mis, etc. 
(Sphlllrocodien, coral 
growths, plante, etc.) 

Horizon f; (von Wohr.). 

Stratified dolomite. 

Lo oALITY : F AI.ZAll.llGo V ALLB'1' ANll 
TRA VENANZBS. 

(Of. Ogilvie, 1893-4.) 

r Dolomite bands and variegated marl&. 
Numerous .Meflalodua foBBils : Mef1alodu• 

• triqueter; Megalodus cf. campresaus. 
I!! Thin band of dolomite weathered as terrace. 
PI ' Oatr111a marls ' and limestones : leading 

� j 
type, 01lraa mo1'tis caprilis. 

..:1 Thick-bedded limestones, full of imper-
e! 1 fectPectenfossils: PectenHallenais,etc. 

P:l ' Cipit Limestone ' bed with coral and 
� echinoderm remains. 

l'I I Soft, daky limestone, with ammonite and 
::: nautiloid sp. 

P Gypsum, red marls, dolomitic dagstonea, 
rauch we.ekes. 

l Hard arenaceous limestones·, poorinfossils, 

Brow.n sandstones, the chief horizon of 
Myopl1oria Kefei·iteinii & M. Whate­
ley111 ; Myophoria .fissidnitata, Myo­
phoricardium lineutum, Phyaoca1·dil7i 
Ogilvi111, Trigonodus Rablenaia, 

Hoernesia Johannis .A.ustri111 ; Pecttn, 
ep. ; Tuf'bo, n.sp. ; plant stems; 
numerous coaly fragmente, and speckis 
of various mineral ores; ' 8ipit Lime­
stones' interbedded with sandstones. 

Thin band of dolomite weathered as terrace. 
Red nodular marls of tufaceous character. 

Quartzifer61ls sandstones with Triganodus 
Rablensis, Myophoria.fissidentata, etc .• 
passing into upper horizons of 

Cliff of stratified dolomite, and finely inter­
layered volcanic sand ; locally de­
veloped as dolomitic limestone, with 
many Glll!tropods ; in low.er horizons. 
i:nteroedded with. 
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Horizon a (von Wohr.). 

Augit.e porphyty 

and tuife. 

' Ci pit Limestones ' and volcanic tuffil ; 
tufaceoua marls, implll'e limestones, 
lignite, and aragonit.e. Spirostylui 
subcolumnaria, Ptyehoatoma pleuroto· 
moitlea, Neritopsi1 tleCUBsata, arm1Jta, 
Astartopia Richthofeni, and crowded 
fragments of species of Bolin, Plieatula, 
Placunop•is, Avieula, etc. 

Pale-greenish tufaceous shales, reddish­
brown tufaceoua breccias with quartz 
grains, glassy and metalliferous ore 
inclusions, limestones with uneven 
bedding surfaces. These are the chief 
horizons of Upper Cassian bivalves: 
Amcula Cortinensis, Tofants, Sturi, 
Cassiana ; Cas1ianella deCUBsata ; 
Gen1illia Of!ihii<B, anf!ulata ; Myo­

phoria deeussata; Hoemesia Johannis 
..&ustri<B ; Lima angulata ; P<ctm 
Landranus, tubulifer ; Trigonodus 
Ralilensia ; etc. 

Irregular cr'.1?9 and blocks of ' Cipit 
Limestcmes in tWl's. 

Dark tufaceoua earth and marls ; thin­
beddedilhales and limestones containing 
rich fauna of small forms, in typical 
' Stuores ' character : Cardita orenata, 
Koninckina Leonhardti, Trachyceru 
.&.on, Nucula lineata, strigilata, 
Schizogonium aubeo1tatum, etc. 

Gypsiferoua marls, aragonite, tufaceoua 
grits and shales with ' Cipit Lime­
stones ' ; sponges, corals, echinoderms, 
Poaidcnomya W mgensia, etc. 

Ashy and felsitic series, black tufaceous 
earth, occasional dark bituminous 
limestones: Halobia Lommeli, Posido­
nomya Wenf!enais, plants, etc. (for 
Stuores-Cassian and Wengen Series, 
cf. aut., 1893, p. 16). 

The Lower and Middle Cassian horizons, distinguished by me in 
189-3, are here oombined as one palreontological zone, the Lower or 
Stuores-Cassian zone; since, although the subdivision is useful in 
field survey, the horizons are not palreontologically independent. 

The stratigraphy of the Upper Cassian zone in Enneberg and 
Ampezzo is more difficult than the palreontology, since the lower 
Raibl fossiliferous sandstones are replaced by various local facies, 
wholly dolomitic (as at Lagazuoi), or developed e.s a series of 
dolomitic limestones and irregular banks of dolomite, interbedded 
with marls and sandstones (as at Roces Alpe). 

In Falzarego Valley the Upper Oassian tufaceous series rests 
oonformably upon Oassian strata containing the typical Stuores 
fauna, and is succeeded by a bed of dolomite of varying thickness, in 
some places fossiliferous, with Gastropod colonies, coral banks, algm, 
etc., in others unfossiliferous and interlayered with volcanic saud 
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and nodular iron ore. Sometimes the sandy material occurs in 
patches, sometimes in layers a few inches thick, sometimes in 
layers e.s fine as the finest dust. The chemical decomposition of the 
calcareous and the volcanic material and the weathering-out of the 
finely and coarsely interlayered sands and tuffs from the rook 
largely account for the frequent occurrence of toothed and fantastic 
erosion form11 at this horizon of the Schlern Dolomite. 

The relations of these dolomitio and sandy layers ere such as 
are presented to ue in recent descriptions of volcanic and organic 
muds in the vicinity of oceanic islands, or more generally of 'Red 
Olay' and pelagic 'Oozes.' I have always held that the deposits 
of Raibl age represented the actual sediments in South Tyrol in 
which a dolomitic character may be regarded as original ("Coral 
in the Dolomites,'' 1894, pp. 11-13, 20-22), and the.It it was there 
associated with chemical decomposition going on contemporaneously 
with sedimentation. My specimens from this horizon are under 
examination in Prof, Armstrong'R laboratory at South Kensington. 

The chemist is confronted in the dolomites with the same 
possibilities of chemical decomposition and interchange, both in 
the past 1mbmarine and in the present subaerial conditions, which 
were clearly set forth by Sir John Murray in hie Presidential 
Address to the Geographical Section, British Association, 1899, 
from which I quote the following passages : "The inorganic con­
stituents of the Pelagic Deposits are for the most part derived 
from the attrition of floating pumice, from the disintegration of 
water-logged pumice, from showers of volcanic ashes, and from 
the debris ejected from submarine volcanoes, together with the 
products of their decomposition. If the whole of the 
carbonate of lime shells be removed by dilute acid from a typical 
sample of Globigeriua Ooze, the inorganic residue left behind is 
quite similar in composition to a typical Red Clay. The 
volcanic materials in a Red Clay having, because of the slow 
accumulation, been for a long time exposed to the action of sea­
water, have been profoundly altered. The massive manganese-iron 
nodules and zeolitic crystals present in the deposit are secondary 
products arising from the decomposition of these volcanic materials.'' 

The development of organic and inorganic muds, with all possible 
variations in the alternative bedding, is the normal character of the­
Schlern Dolomite within Enneberg and Arnpezzo. And, as I pre­
viously pointed out, the contemporaneity of this dolomitic serie�. 
in whole or in part, "with foBBilijel'ov.s Raibl strata elsewhere (e.g. 
the Schlern Plateau strata) would in nowise afford evidence of the 
Coml Reef Theory, but only of the familiar faet of Raibl lteteropism.'� 
("Coral in the Dolomites," 1894, p. 10.) 

The dolomite cliff and marls in Falzarego. Valley, Roces Alpe, 
and Travenanzes are succeeded by a we.Jl-defined group of sand­
stones, she.lea, and shaly limestones, in which a typical Raib-1 
fauna occurs. The fossils en.nmerated at this horizon, in the above 
table of Upper Trias, were all personally collected from a number 
of places along this high mountain. ter.i:ace a.hove the v:alley. Strange-
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to say, I never found Pachycardia Haueri, which is such a numerously 
represented type in the Schlern Plateau strata. The limited colonial 
a�pect of local faunas seems to have been the leading palaiontological 
feature of the Cassian-Raibl period. 

Whilst the age of the intervening calcareo-dolomitic and sandy 
series is quite securely fixed by the p1·esence of the Myophoria and 
0Bll'tea fossil zones above, and the Avicula To/ante and OortinenBis, 
fossil zones below, I have always referred to it in previous 
papers as "Schlern Dolomite,'' following the original intention (}f 
von Richthofen, who applied this term to any dolomitic facies of 
Upper Triassic tufaceous series in the district. The fossiliferous 
Upper Cassian tuft's are present at Pee di Palu, south of the 
Falzarego road, and may be followed over Valparola, Pordsi, and 
Sella Pass to the south of Langkoll and Mahlknecht. Remnants 
of the series occur at Ora di Mont, Crup di Sella, Freina Meadow, 
and elsewhtlre farther north. 

I already showed, in 1893-4:, that throughout Enneberg arnl 
Ampezzo the horizons of Raibl time were those which displayed the 
most eztreme and compl,ez f acies relations. All Raibl zones pass 
now at (}!le place, now at another, into local massive developments 
of Schltirn Dolomite (e.g. Lagazuoi, Diirrenstein, etc.). 'l'he Upper 
Cassian zone also presents \•arying local faoies relations witllin 
Enneberg and Ampezzo, but the W engen n.nd Stuores-Cassian zones 
underlie the dolomitio deposits in Enneberg and in all parts <>f 
Ampezzo which I htlve examined. 'l'hus, the identification of 
successive palaiontological zones proves thnt the tufaceous invasions 
over11pread the floor of the Enueberg and Ampezzo areas more 
gentirally in the earlier periods of the Upper Trias epoch in South 
'l'yrol. And the passage-limit between the tufaceous material and 
the ordinary sediments was at that time locally situated within 
that wide 'Buchenstein-Mahlknecht' series of lavas and tuft's which 
represents one of the chief local areas of contemporaneous eruptiv& 
fraoture-planes. These are the heteropic conditions which I hav& 
depicted in a series of diagrams, showing the successive stages in 
the accumulation of deposits, and the intermixture from time to· 
time of volcanio materi1l.l during the Wengen, Cassian, and RaibL 
periods ("Coral in the Dolomites," 1894, GEoL. MAG., Pl. II). 

In the second part of the same paper (in the GEoL. MAG.), Sasso· 
Pitschi (a small mountain that occurs in the Buchenstein-Mahlknecht 
passage-area of facies) was seleoted as an example of the tendency 
dit<played by later difftirential m cmnnents to coincide with the 
original passage-areas between different lithological groups of strata, 
whether these areas occurred in the horizontal extension of different 
rock facies, as at Sasso- Pitschi, or in the ordinary geological suc­
cession. My publication 1 in 1899 rests on the same standpoiut. 

1 "Torsion - Structure of the Dolomites" :. Quart. J ourn. Geol. Soc., 1899'. 
Attention may be directed here to a printer's slip that unfortunately evaded me in 
the proofs, and which causes some confusion : see p. 680, under • 5,' near the 
bottom of the page: "A and C to be moved counterclockwise, Band D clockwise/' 
should read " A and C to be moved clockwise, B and D counterclockwise." 
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Subordinate movements have readily taken place at the planes 
where the more rigid and the more plastic rook-groups have been 
next one another. Thus local conditions have produced local 
modification of the more general movements due to compression 
and cross-compression of this district in subsequent epochs of Alpine 
upheaval. 

In addition to its use in the solution of the stratigraphy, the value 
of an Upper Cassian fauna is in the link it adds to the Upper Trias 
chain of faunas in South Tyrol. Its discovery and its ideJ;1.tification 
by me in 1893 as a transitional Cassian-Raibl zone established, for 
the first time in South Tyrol, a closely connected series of palaionto­
logical zones traceable through Wengen-Cassian-Raibl periods. The 
Upper Cassian zone has therefore given important evidence of the 
impracticability of placing a palaiontological limit between Middle 
and Upper Alpine 'l'rias anywhere within that series. The transition 
from Raibl horizons to Dachstein Dolomite in Enneberg and Ampezzo 
also takes place quite gradually, as evidenced by species of the genus 
Megalodus. Hence the only subdivision between Middle and Uppe1· 
Trias which seems natural in the 'Dolomites' is between the Upper 
Muschelkalk (Buchenstein strata of some authors) and the Wengen 
series, that is, at the horizon of Triassic time, when eruptive material 
began to be incorporated with the local sediments of that arell. 
(Of. von Wohrmann, "Die Raibler Schichten," 1893 ; Rothpletz, 
"Querschnitt," 1894; Salomon, "Palreontographica," · 1895; von 
Zittel, "Zeitschrift," 1899.) 

A farther confirmation of the presence of a transitional Caseian-Raibl 
fauna in the 'Dolomites' has been given by the fauna in the • Pachy­
cardia Tuffs' of the Seiser-Alpe. Geheimrath von Zittel, who made 
the discovery, during a geological excursion with his students, thl\t 
these tuffs contained a large number of Raibl forms in addition to 
Cassian forms, has since published a short account of the faunal 
characteristics of these tufaceous horizons at the Seiser-Alpe (von 
Zittel, "Zeitschrift," 1899; also Rotbpletz, "Zeitschrift," 1899). 
The preliminary notes on the stratigraphy given by Prof. Rothpletz 
show that these tuffs at the Seiser Alpe rest conformably upon strata 
containing a Stuores-Oassian fauna, so that in this important feature 
their position at the Seiser-Alpe agrees with that which I determined 
at Falzarego Valley and other localities. The 'Cipit Limestones' 
also occur, as blocks or irregular banks, at various horizons, in the 
way that I described for other localities along the Buchenstein­
Mahlknecht area of eruptiYe invasions. "Along the hem of this 
volcanic girdle communit.ies of Corals and Echinoderms settled and 
formed a series of small barrier reefs (Cipit Limestones), frequently 
interrupted in their growth by fresh lavas" (aut., I.e., 1894). 

But, compared with the Falzarego Valley fauna, ihe 'PachyeaJ·dia­
tuff' fauna bears a distinct local impress. For example, just as 
I never found Pachycardia llaueri in the higher Raibl horizons of 
Falzarego Valley, so I never found Pachycardia r11gosa, the leadiug 
fossil of the Pachycai·dia tuft's, in the Upper Cassian zone of 
Falzarego Valley. Both may be there, as m� personal collection 
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oe.n only represent e. small part of the fauna., but they e.t least cannot 
be common. 

A similar impression of narrow spacial limitation is given by each 
of the local developments of e. fossiliferous Upper Ce.ssie.n zone, e.t 
Heilig Kreuz, Seele.nd Alpe, Misurine., e.nd Rimbianco. This horizon 
of Upper 'l'riassio time is characterized, therefore, not only by 
marked differences in the local lithological fe.cies, but also by 
marked local speoie.lizations in the aspect of contemporaneous fe.une.s 
inhabiting neighbouring seas and lagoons. Many of the fossils have 
affinity with Ce.ssian or Re.ibl species, yet oe.n neither be identified 
with, nor olearly distinguished from these. Hence, we may regard it 
as probable that those speoie.lized Upper Cassian faunas included, 
amongst the species peculiar to themselves, certain types due to 
strong adaptation or to retrogression. And we may learn from 
the faunas of the Upper Cassie.n zone, no less than from those of 
the higher Raibl zones, that there are biological questions in South 
'l'yrol whioh concern the occurrence of pelagio and of littoral faunas 
as local colonies in e. neighbourhood of very unequal depth e.nd 
subject to volcanio interruptions in the form of le.ve.s, tuft's, and fine 
voloanio sand. These questions a.re one with the consideration of 
lithological facies in the same district. 

The following table of Upper Trias strata in South Tyrol repre­
sents the zonal sucoession and local ocourrence of faoies l\S desoribed 
in former papers (of. G11:0L. MAG., 1894:, Pl. II, and Q.J.G.S., 
1893, p. 16). 

F .1.ss.1.-BoHLBBN, 
south of the Buchenstein­

Me.hlknecht eruptive 
fre.etures. 

Within ENNBBBRG AND AMPBZZO, 
north of the Buchenstein-Me.hlknecht eruptin 

fre.lltures. 

�( De.eh stein Dolomite. 
!; 

I 
Re.ihl series. 

�1 � � Schlern Dolomite. 

�I ,,; 

� l 

( or Upper Raibl series (von WohrmDn), j with Oatra;a and Megalodua beds. 
or Lower Re.ihl series (von Wohrme.nn), 

equivalent to Upper Ce.rdite. series in 
Schlern North T ol, represented by •• red 

Dolomite Schlern. Pktee.u fossiliferous series" or 

I by e. varying. thickness of stratified 
dDlomite in South Tyrol. 

or Upp er Cassie.n tufe.ceous series (Ogilvie), 
l with Avioula beds. 

€Jassie.n series in ' Stuores ' development. 
W engen series, with Halabta Lommeli. 

Upper Zone of Muschelke.lk or Middle Trias. 

As, however, Baron vo.n WO.hrmann, in bis comparative work on 
"The Raibl Strata," found the pe.lmontologice.l transition quite 
gradual throughout the Cardita and Raibl zones in South Tyrol, he 
included the whole series from the Halobia LommeU to the 01trce11 
beds as Raibl strata in wider sense (of. "Uebersichtstabelle d. 
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Raibler Schichten ": Jahrb., 1893). Hence, to continue to call the 
'Red Schlern Plateau' series 'Lower Ra.ibl' would undoubtedly 
cause confusion. The dist.ir10tion of Upper, Middle, and Lower 
Zones in a series of 'Raibl strata' (using the term in the now 
wider sense given by von Wohrmann), might be loually possible, 
but at the present time it is more important to arrive at a clear 
presentation of the complete series of palreontological zones in each 
Alpine locality. Thus in South Tyrol we have: 

LEADING FOSSIL-TYP.ES 
in the Wengen-Cassie.n-Raibl series(' Raibler-Sch.' in wider sense, von Wohrmann). 

All pass into the 
Calcueo - dolomitic 

facies in South Tyrol ; 
von Richthofen's 

' ScHLBRN DoLOMITB.' 

r ' ToRBR '-RAIBL ZoNB : Ost1·tea montis eaprilis, Mega­
lodus triqueter, etc. diverse local developments of 
volcanic mar ls and san�, limestone, gypsum, dolomite). 

I ' RBD BcHLBRN PLATBAU' RAillL ZoNB: Paehyca•·dia 
Haueri, Myophoria Keferateinii, Myophorieardium 
lineatum, etc. (diverse local developments of volcanic 
sand and calcareo-dolomitic facies; molluscan faunas 
contain almost exclusively Raibl species). 

UPPER CassIAN OR TRANSITION AL TUFF ZoNB: ..d.vieula 
Sturi, Tofante, and Oortinenlis, Pecten Landranus, 
etc. (diverse local facies of Upper Cassian series, 
containing a Inixed fauna of Cassian and Raibl 
species). 

BTVOREs-CasBIAN ZoNB: Koninckina Leonha1·dti, Cardi.ta 
crenata, Nueula atrigilata (tufaceous, marly, and 
calcareous series, containing almost exclusively 
Cassi an species) . 

I WENGEN ZoNB: Halobia Lommeli, Monophyllite• 
W enge1<aia, Trachyceras ..d.rckelaus, Posidonomya 
W engensis, etc. ; series of shales and limestones, 

L grits, tuffs, e.nd lavas. 

SUMMARY. 

(1) Conformably above strata containing the typical or Stoores­
Cassian fauna as known before my paper of 1893, and below any 
palreontologicnlly well-defined Raibl horizon, so regarded before 
von Wohrmann's paper of 1893, I found in Falzarego Valley in 
1891 a series of tufaceous breccias, shales, and quartziferous sand­
stones, containing a transitional Cassian-Raibl fauna, and passing 
upward into interstratified dolomite, dolomitic limestoue, and volcaniu 
sand and marl, or into a wholly dolomitic group of strata. 1'he 
latter I termed 'Schlern Dolomite,' stating it to be the time­
equivalent in part, or wholly, of the' red Schlern Plateau fossiliferous 
strata' which von Wohrmann had in 1892 called a Lower Raibl 
zone in South 1'yrol. Revised identifications of my Falzarego 
Valley material, carried out in accordance with the recent special 
monographs on Alpine Molluscan faunas by Dr. Bittner, Ur. Kitt!, 
Dr. J. Bohm, and others, have fully corroborated the palreontological 
11osition wh\ch I gave to the fauua in 1893-4 as a local 'tuff' facies 
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of part of the Sohlern Dolomite, comprising a gradual transition from 
a typical Stuores-Cassian fauna to the 'Travenanzes ' Re.ibl fauna of 
the Falzarego district. 

(2) The W engen and Stuores-Cl\ssian fossiliferous tufaoeous series 
are present throughout the district of Enneberg and Ampezzo in 
complete zonal development. These palmontological zones are 
therefore not, as has been said, the tufaceous facies of the dolomitic 
rock composing the maasives in these areas. On the other hand, the 
Upper Cassie.a zone and the higher Raibl zones are developed in 
varying degree within Enneberg and Aippezzo as local fe.cies of local 
dolomitic sediments. 'Cipit Limestones' (the true coral-reefs of the 
district) occur both in the tufaceous and in the dolomitic facies at 
all horizons as occasional local beds of comparatively small thickness 
(loo. cit., GEoL. MAG., 1894). 

(3) The Wengen and Stuores-Cassian tufaceous and calcareous 
series of Enneberg and Ampezzo represent time-equivalents of part 
of the calcareo-dolomitio series south of the Buchenstein-Me.hlkneoht 
passage-area of facies, that area having been oue of the chief localities 
of contemporaneous eruptive fracture-planes. 

(4) 1n many cases the passage-areas between facies of different 
lithological character, as well as the passage-bands between sub­
jaoent rock-groups of different lithological character, have been the 
seat of subsequent differential movement or distortion. So that the 
complex local developments of passage-areas and passage-bands in 
the Upper Trias of South Tyrol have induced many local effects of 
cross - movement which now complicate the stratigraphy of that 
district. 

(5) The more general movements associated with Cretaceous­
Tertiary upheaval in the Ee.stern Alps have called forth an ee.st­
west strike, which must be regarded as fond11mente.l in the district, 
and also a cross-compression from east and west or slightly oblique 
directions. The complex resultant system of folds, faults, and 
overthrusts has been out by subsequent faults associated with local 
subsidences. 

8tcphen Austin and Sona, Printers, Hertlotd. 
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