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Note.—Various modifications have been embodied in the present paper which
are the result of further work in Southern Tyrol undertaken by the Authoress
from July to September 1892, The most important additions are those referring
to the Diirrenstein district. The lists of fossils have also been largely extended
from collections recently made in the field.

1. InTRODUCTION.

My interest in the Alpine Trias was first aroused by several geolo-
gical excursions in Northern Tyrol during the summer of 1891.
In response to a wish of mine to undertake some original research,
it was kindly suggested by Freiherr F. von Richthofen, of the
Berlin University, that I might make a detailed study of the

Q.J. G. 8. No. 193. B



2 MIS8 OGILVIE ON THE WENGEN AND [Feb. 1893,

Wengen and St. Cassian Beds in the valleys of Enneberg and
Ampezzo in Southern Tyrol, and with these valleys in particular the
present paper deals.

I shall ever regard it as a pecuhar honour that Freiherr von
Richthofen, whose early work, ‘ Geognostische Beschreibung der
Umgegend von Predazzo, St. Cassian, und der Seisser Alpe, o still
holds the highest place in the liberature of the Southern Tyrol
¢ Dolomites,” guided me in my first attempt in Alpine geology, that he
himself taught me the chief points at issue concerning the distriet
between Schlern and Ampezzo, and gave me, in a short space of
time, a far clearer insight into the work which lay before me than
falls to the lot of most young geologists.

In the course of my work during the two seasons of 1891-92, 1
have been led to extend somewhat my primary object, and to in-
clude some of the more interesting tectonic aspects of the whole
group of Upper Triassic strata in the ¢ Dolomite Alps.’

My most grateful thanks are due to Herr Prof. von Zittel for
the constant kindness he has shown me, and for his advice and
encouragement during the two years of my studies in Munich. I
am indebted to Herr Dr. Schifer for frequent help and suggestion
in carrying out the work of this paper, and also to Herr Dr. Roth-
pletz and to Freiherr Dr. von Wohrmann for their kind response
whenever I have had occasion to refer to them.

The Dolomite region of Southern Tyrol has long been one of the
most famous in geology. Not only is it pre-eminent for its beantiful
scenery, but in this district, as in Northern Tyrol (the Hallstadt
district, the Bavarian Alps, and the Vorarlberg), are found the litho-
logical and palmontological links which fill up the great hiatus
between the Paleozoic and the Mesozoic formations in Britain.

In Britain, as every geologist knows, the zoological break between
the Paleeozoic and the Mesozoic is absolutely complete. No species
is known to pass from the Carboniferous into the Jurassic across
the great hiatus marked by our sparsely fossiliferous Permian and
Triassic beds. Even in Central Germany, the rich limestone of the
Muschelkalk only affords a few transitional gevera of any conse-
quence, and these by no means fill up the gap.

But, in place of the barren Triassic sandstones of our own land,
masses of the richest limestone rise in the Tyrol, and our non-
fossiliferous Keuper marls are represented locally in that province
by extremely prolific fossil-bearing shales and limestones. No better
example of such fossiliferous beds in the Alpine Trias can be found
than the group which forms the main subject of this paper. Yet,
while the fossils contained in these beds are of remarkable interest,
and are well-known to all geologists, the stratigraphy of that district
of Southern Tyrol in which they pre-eminently occur has always
been a matter of dispute since the days of Leopold von Buch. I
may here indicate shortly, for the English reader, the present
state of opinion regarding the systematic position of these strata.

! This work was published at Gotha in 18G0; a preliminary notice appeared
in 1858, Jahrb. d. k. k. geol. Reichsanstalt, p. 466.
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The Muschelkalk is succeeded in Southern Tyrol sometimes by
an immense thickness of dolomitic rock, poor in fossils, sometimes by
a non-dolomitic series of strata. The lowest of the non-dolomitic
series are the Buchenstein Beds, a series of shales and limestones
comparatively poor in fossils, but indicative of shallow-water con-
ditions ; next, a group known as the Wengen strata, consisting of
sandstones and shales, formed apparently more or less by the wash-
ings of volcanic (sub-basic) material, and known usually as ¢ sedi-
mentary tuffs” These are cut through by augitic porphyry-dykes,
or are mterrupted at various hor17ons by ﬂows of augite-porphyry,
with voleanic tuffs, The sedimentary beds are fossil- bearing, and
while the spceies are few, the individuals are numerous.

Next follow the most celebrated beds of the whole Triassic series,
the marls and limestone-rocks of St. Cassian, which afford that
curious mixture of oider forms of life, as yet almost unique in the
geological world.

Above the St. Cassian Beds, according to one opinion, follow at
once the fossil-bearing Raibl Beds; in Southern Tyrol these are
especially characterized by the brilliant eolouring of the reddish and
violet marls, which are interstratified with dolomitic flags in the
upper horizons. According to another opinion, there is between
the fossiliferous St. Cassian and the fossiliferous Raibl Beds a
distinct horizon, formed by the same Schlern Dolomite as that
which extends in some localities in Southern Tyrol from the Raibl
Beds above to the Muschelkalk below.

The Dachstein Dolomite succeeds the Raibl Beds in all cases, and
above the whole Triassic series follow the acknowledged Liassic
strata.

The difficulty in Southern Tyrol arises in the anomalies presented
by those beds which are above the Muschelkalk and below the
Raibl strata, The dolomitic rock thickens out locally into moun-
tain-masses or is suddenly replaced by shales. The very fossili-
ferous beds of one locality are represented, a few miles off, by
strata wholly barren of organic remains.

As yet, comparison with the ascertained succession in Northern
Tyrol lends little help. In Northern Tyrol, the Raibl Beds, as a
series of marls and oolific limestones often richly fossiliferous, and
interbedded with unfossiliferous dolomite, limestone, and gypsum,
rest upon the thick development of limestone known as Wetterstein
Kalk. This limestone is generally regarded as the representative
of the dolomitic rock below the Raibl Beds in Southern Tyrol.
Below the Wetterstein Kalk and above the Muschelkalk are the Part-
nach strata, a series of dark thin-bedded shales which von Giimbel,
von Hauer, and others have compared with the Wengen strata of
Southern Tyrol, owing to the identity of some characteristic fossils,
e. g. Halobia Lommeli, Wissm.

Thick beds of hard limestone are interstratified at various horizons
in the Partnach shales and marls, and such limestones bear typical
St. Cassian fossils, e. g. Konincking Leonhardti, Wissm., and have
hence been called ©St. Cussian limestones.” Several of the species

B2
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appear again at the higher horizon of the Raibl Beds, together
with a certain number belonging to a distinet ¢ Raibl ’ fauna.

The Wetterstein Kalk in some places, however, lies directly upon
the Muschelkalk, no Partnach strata being developed; and in its
eastern and western extension the Wetterstein Kalk thins out. In
Kastern Tyrol its place is taken by the Hallstadt Limestone,' while
In the west the Raibl Beds lie conformably on the Partnach Beds.

The various opinions which have been beld regarding the pro-
bable representative in Northern Tyrol of the St. Cassian strata of
Southern Tyrol will be stated below in the review ‘of the special
literature. Suffice it to say that the name of *St. Cassian strata’
has now no value as indicating a sure horizon in the series of
Alpine Upper Trias; at most it has retained clear association with
the fauna found in the immediate neighbourhood of iSt. Cassian.

II, Previous DiscOVERY AND SPECULATION REGARDING TBE UPPER
Trrassic STRATA 1 THE TYROL (WITH SPECTAL REFERENCE TO THE
Sr. Cassian Beps 1v SovTHERN TYROL).

At a time when the historical geology of the British Isles, France,
and Germany had been firmly based on the careful and comparative
studies of geologists in those countries, the elements of Alpine
geology were scarcely understood. Those immense masses of lime-
stone and dolomite which characterize the northern and southern
zones of the Alps seemed without parallel elsewhere in Europe.

As the limestone-rocks have outwardly much similarity, and the
few fossils which they contain were for a long time unknown, the
older writers believed them to belong to one and the same forma-
tion, and grouped them conveniently together under the title of
¢ Alpenkalk.’ There are, however, here and there amidst the
wonderful rock-scenery of the Tyrolese Alps, high-lying stretches of
green meadow and ¢ Alm.? Gradually geologists carried their
researches into these remote ¢ Alpen,” and found the marls and
shales to be, in many cases, fossiliferous. Fossils were collected
and examined, and it became evident that the fauna occurring in
the Alpine mountains of the Tyrol had a character quite different
from that of any fossil fauna up to that time known in other parts
of Europe.

It was on such high mountain-meadows that the Awvicula con-
torta-zone was traced- in Northern Tyrol soon after Leopold von
Buch’s ® first discovery of the characteristic fossils at Hirschberg.

! The Hallstidter Kunlk belongs to the development of Trias in the
¢ Jumaseic Province’ recognized by Mojsisovics, whereas Wetterstein Kalk occurs
in the 'Mediterranean Province’ (this embraces the Western ana Southern
Alps). Mojsisovies also distinguishes a Lower Keuper division of the Alpine
Trias, the ‘ Noric zone,’ including the strata from the Upper Muschelkalk to the
Raibl Beds, and an upper division, the ¢ Karnic zone.’

¥ Aim or Alp is the German word for pasture-land in the mountains, where
cattle remain the whole summer through in the open air. n Southern Tyrol
bay is often grown and gathered into small huts, dlpenkiitten, acd for the
convenience of herd-boys empty huts are left, the so-called Kochhiitten. These

buls help much in reading the maps, as they are always marked.
3 ¢Schichten mit dvicula . ..., Abh. d. k. Akad. Berlin, 1828, p. 84.
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One definite horizon in Triassic strata was thus ascertained in the
Northern Alps, namely, the Kossen Beds of Upper Keuper age.

The next important group of fossiliferous strata to be observed
was o series of marls exposed on passes and mountain-meadows in
the midst of the delomite-rocks of Southern Tyrol.

As early as 1834 Graf Miinster! described the favourable ex-
posure of these strata in the neighbourhood of St. Cassian in Enne-
berg; and not long afterwards he and Wissmann * published their
well-known work, in which they described 400 species from the
St. Cassian strata, and tigured them in a masterly manner.

Klipstein® in the following years much increased the number
of known species. The remarkable fact was that no single species
agreed with species described from countries north of the Alps.

In 1844 Emmrich* examined the strata of Enneberg and came
to the conclusion that the St. Cassian strata were at any rate above
the Alpine Muschelkalk, the age of which had shortly before been
determined. In the course of a warm discussion, which arose after
the publication of Klipstein’s > work, Bronn ¢ wrote a short editorial
note which deserves to be mentioned. In it he promulgated the
opinion, still current among many geologists, that the fauna of
8f. Cassian had lived in the neighbourhood of rocks and cliffs in a
shallow sea, where coral-banks were numerous, and gasteropods,
sponges, brachiopods, ete. associated under conditions favourable
alike to all. In extra-Alpine formations of nearly all ages the local
occurrence of special faunas, and more particularly of the fauna of
a coral sea, had frequently been proved. And Klipstein was so far
misled by receiving from the collectors some Liassic ammonites
among the St. Cassian fossils, and by a general resemblance in the
characteristics of the St. Cassian fauna to that of the Upper
Jurassic Coral Rag at Nattheim or Kelheim, as to attribute a
Jurassic age to the St. Cassian strata. Bronn, on the contrary,
tbought from pal®ontological evidence that the St. Cassian strata
were equivalent to the Muschelkalk.”

Between 1850 and 1360 a marked advance was made in the
knowledge of the Triassic strata in Northern Tyrol through the
energy of Austrian and German geologists, A letter from Kscher

1 ¢ Ueber das Kalkmergellager von 8t. Cassian in Tyrol und die darin vor-
kommenden Ceratiten,” Neues Jahrb. 1834, p. 1.

% ¢ Beitrdge zur Petrefaktenkunde,’” Bayreuth, 184143,

2 ¢ Beitrage zur geologischen Kenntniss der ostlichen Alpen,’ Giessen, 1843,

4 «Ueber die Schichtenfolge der Klotzgebirge des Gaderthales, der Seisser
Alpe, und insbesondere bei St. Cassian,” Neues Jahrb. 1844, pp. 791-803 ; ¢ Ger-
vilgggschichten bei Lienz,’ Zeitschr, d. Deutsch. geol. Gesellsch. vol. vi. (1834)
P Schichtenfolge in Siid-Tirol,” Amtl. Ber. tiber die Naturforscherversammm-
lung zu Mainz, 1843 ; Neues Jahrb. 1845, pp. 799-801.

8 Neues Jahrb. 1845, pp. 504-508.

7 [In 1847 Sir R. Murchison made an excursion to St. Cassian, with von Buch
and de Verneuil (see Q. J. G. 8. vol. v. (1849) pp. 165167 ; where reference is
made to the work of Emmrich and others). Mr. W. J. Hamilton, in his Anni-
versary Address for 1855, discussed * The Position of the Fossiliferous Beds of
San Casciano,’ Q. J. G. 8. vol. xi. pp. Ixiii-lxix.—Ep.]
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von der Linth® in 1854 tells how he and others convinced them-
selves that the Raibl strata (‘ Schiefer u. Sandstein’) of the Vorarl-
berg and of Northern Tyrol were of Keuper and not of Liassic age ;
that similar strata with Cardite crenata, Goldf., occurred near Hall,
in Lavatsch Thal, and in several other localities, in close association
with strata containing Halobia Lommeli, Wissm, ; that these repre-
sented without doubt true St. Cassian strata, and must be regarded
as a marine equivalent of a part of the Keuper.

In a paper written by Merian® from Basel, a series of greenish-
grey sandstones with plants, now recognized as Raibl strata, was
included with dark-grey or black fossiliferous limestones, and beds
with Halobia Lommeli, Wissm., as ‘ Lower St. Cassian Formation’
below the horizon now called ¢ Hauptdolomit,’

Following a preliminary contributien made by von Hauer?® in
1855, Foetterle* gave in 1856 subdivisions of the Raibl strata
from observations which he and the first-named author had made
in the country from Raibl to Dogna. The succession he re-
garded as:—

Uppermost horizon.
Marly shales and limestones: characteristic fossils—
Astarte (Corbula) Rosthorni, Boué, sp., Ostrea montis-
Raibl Strata. { caprifis, Klipst., ete.
| Marls with Myopkoria Kefersteini, Goldf., sp.
Bituinous shales with plant. and fish-remains, forming
_ the lowest horizon.

While he remarked that the fossils, even up to the Corbula
Rosthorni-beds, much resembled the St. Cassian fossils, he gave
to the whole group the name of ‘Raibl strata,” and defined them
as the series of beds above the Hallstidter Kalk (=Wetterstein
Kalk of Giimbel) and below the Dachstein Kalk (=Hauptdolomit
of Giimbel).

In the following year, Hauer® gave a complete description,
with plates, of the mollusca of the Raibl sirata as exposed at
Raibl, at Agordo in Lombardy, at Schlern, and at other places.

The fossils of the lowest horizon of Raibl strata in Foetterle’s
subdivision were handled by Bronn.! In reviewing Bronn’s work
and combining the results of previous research, Hauer came

1 Zeitschr. d. Deutsch. geol. Gesellseh:. vol. vi. (1854) p. 519. In 1853 his
important work appeared (cf. pp. 49-52), ¢ Greolog. Bemerkungen iiber d. nordl.
Vorarlberg u. einige angrenzenden Gegenden,’ Neue Denkschr. d. allg. Schweizer.
Gesellsch, fiir die Naturwissenschaften. [See Abstract in Quart. Journ, Geol.
Soc. vol. xi. (1855) Misc. p. 16.—Ebn.]

2 ¢« Ueber die St. Oassian-Formation im Vorarlberg und im nérdlichen Tirol,’
Zeitschr. d. Deutsch. geol. Gesellsch. vol. vi. (1854) p. 642. [See also Quart.
Journ. Geol. Soc. vol. xi. (1855) p. 451.—Eb.]

3 Jabrb. d. k. k. geol. Reichsanstalt, 1855, pp. 744 & 745.

4 Jbid. 1856, pp. 372 & 373.

& <Ein Beitrag zur Kenntniss der Fauna der Raibler Schichten,’ Sitzungsber.
d. kais. Akad. d. Wissensch. Wien, vol. xxiv. (1857) pp. 537-566.

8 «Beitrdge zur triasischen Fauna u. Flora d. bitum. Schiefer v. Raibl,’
Neues Jahrb. 1838 ; ‘ Nachtrag iiber die Trias-Fauna von Raibl,’ ¢bid. 1859.
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to the conclusion that these Raibl strata were identical with the
Cardita-beds of Northern Tyrol.

YVon Giimbel* had in 1857 stated that the Cardita-beds overlying

the Wetterstein Kalk were the true equivalent of the St. Cassian
strata. -
In 1859 von Richthofen,® who had been working in the St.
Cassian district and in the Vorarlberg, expressed his opinion that
the Cardita crenata-beds in the last-named area ought to be in-
cluded with the Raibl strata ; but that in Northern Tyrol, and in
the Northern Alps generally, the Cardita-beds ranged lower than
the Raibl strata in Southern Tyrol, and that therefore their fauna
more closely resembled the St. Cassian fauna.

In the literature of this period the Raibl, Curdite-, and St.
Cassian strata were understood to belong -generally to the same
horizon, and the various names began to be rather loosely applied to
fossiliferous beds in the Upper Triassic Series of Northern and
Southern Tyrol.

Before leaving this subject, it ought to be mentioned that the
subdivisions made by Hauer and Foetterle for the Raibl strata
near Raibl were corroborated some 10 years later, and con-
siderable clearness attained, by means of the detailed examination
of these beds made by Suess?®; this author also suggested an
interesting comparison with the strata in Southern Tyrol.

A further paper on the subject was contributed by Stur,* who
published with it the first map of the Raibl and Kaltwasser district.
The opirion of Stur that the lowest subdivision of Raibl strata
made by Foetterle corresponded with the Wengen Beds containing
Halobia Lommeli in Southern Tyrol has not since been accepted,
the paleontological evidence adduced by him being afterwards
corrected by Mojsisovies. Comparison is now made between
this horizon, the so-called ¢ Fischschiefer,’ in the Raibl Beds and
¢ Aonschiefer,” a horizon of St. Cassian strata (see a footnoto in
Moisisovies’ work ¢ Dolomit-Riffe,” p. 61).

By means of the work of Sandberger® and Gimbel® on extra-
Alpine Keuper in Bavaria, comparison was made between the Raibl
strata in the Alps and the ¢ Gypskeuper ’ of Franconia.

Pichler,” in several papers published before 1862, placed the
strata with Cardita crenata, Goldf., between what be called ¢ upper
and middle Alpenkalk,” corresponding respectively to Hauptdolomit

! “Die Aequivalente der St. Cassianer Schichten im Keuper Frankens,
Jahrb. d. k. k. geol. Reichsanstalt, 1859, p. 22.

2 ¢« Die Kalkalpen von Vorarlberg u. Nord-Tirol, ¢bid. p. 101.

8 ¢8tudien iber die Gliederung der Trias- und Jura-Bildungen in den
gstlichen Alpen,” von Eduard Suess und Edmund von Mojsisovics, bid.
1867, p. 553. ‘

4 <Beitriige zur Kenntniss der geol. Verhiltnisse der Umgegend von Raibl
und Kaltwasser,’ ¢bid. 1868, p. 71.

3 ¢«Die Stellung der Raibler Schichten in dem Frinkischen und Schwih-
ischen Keuper,” Neues Jahrb. 1866, p. 34.

@ < Bavaria,’ vol. iv. L. p. 53 (Geology by Giimbel).

7 ¢« Zur Geognosie der Tyroler Alpen,” Neues Jahrb. 1857, p. 691,
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and Wetterstein. Kalk. But in later papers (1862, 1866, etc.') he
changed his opinion, mainly on stratigraphical grounds, and gave
two horizons with Cardita crenata, Goldf., the succession being as
follows : —

.

Upper borizon of Cardite crenate, Goldf.
= Cerdita-strata of Giimbel.
= Raibl strata of Hauer.
Strata with Chemnitzia Rosthorni, Hoern.
= Wetlerstein Kalk.
Lower horizon of Cardita crenata, Goldf,
= 8t. Cussian strata of Richthofen.
= Partnach strata of Giimbel, or strata with Halobia Lommeli of
Giimbel and other authors.

Mojsisovies > accepled, in the main, Pichler's horizons and gave
(in 1869) the following succession (in descending order) :—

Seefelder Dolomit (= Hauptdolomit).

Wetterstein Kalk.

Cardita (= St, Cassian)-beds.

Dolomitie limestone (Haselgebirge and Reichenhaller Kalk).
Partnach dolomite.

Partnach strata with Halobia Lommeli, Wissm., and St. Cassian [ossils.

In 1871 Mojsisovics ? recognized evem three Cardita crenata-
horizons, although they were lithologically and pal®ontologically
the same. The third of these horizons he introduced above the
Wetterstein Kalk as being the equivalent of Raibl strata. A year
later * he struck out the Cardita-zone below the Wetterstein Kalk,
saying that the Cardita-beds above the Wetterstein Kalk were the
equivalent of St. Cassianstrata. But, in 1874," Mojsisovics returned
to his opinion that the Cardita-beds above the Wetterstein Kalk
were Raibl strata, containing a fauna which would probably on
closer study be found to differ from the St. Cassian fauna.

As may be seen from the above references, the question of the
relative ages of these fossiliferous sirata has given rise to great
confusion in the literature. This is largely owing to the difficulty
of attaining a sound knowledge of the stratigraphy of the Triassic
rocks. Like other formations in the Alps, they have been much
folded and faulted, and names were given to the fossiliferous beds
before any comparison of the succession in different regions could
be reasonably made. In every case the succession must be deter-
mined for itself, as no formation in Northern and Southern Tyrol
or in Bavaria presents so many-sidcd a development as the Trias.

A careful study of the Cardite- and Raibl strata of the Northern

3 «Zur Geognosie Tirols, Jahrb. d. k. k. geol. Reichsapstalt, 1862, p. 531;
¢ Cardita-Schichten und Hauptdolomit,’ ibid, 1866. p. 73.

2 tUeber die Gliederung der oberen Triasbildungen der Alpen,’ Verhandl
d. k. k. geol. Reichsanstalt, 1869, p. 65.

3 «Ueber die Stellung der Nord-tiroler Cardita-Schichten,’ ibid. 1871, p. 213.

* ¢Parallelen in der oberen Trias der Alpen, 4bid. 1872, p.7.

* ¢ Faunengebiete und Faciesgebilde der Triasperiode in den Ostalpen,
Jahrb. d. k. k. geol. Reichsanstalt, 1874, p. 81.
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areas wus made a few years ago by von Wohrmann.! He came to
the following conclusions :—

(1) That in all the places where former writers believed Lower Cardila-strata
(i.e. the Cardita-beds below the Wetterstein Kalk) to be present, these
strata were none other than the Upper Cardita- or Raibl strata (i. ¢. the
Cardita-beds above the Welterstein Kalk) which had been brought
by faulting into the apparently lower position.

(2) That these so-called Cardifa-strata contain in their lower zones chiefly
St. Cassian fossils; on the other hand, in the upper zones, nearly all
the typical Raibl fossils are present,

The same author publishes this year, in co-operation with Koken,
a special work? on the fossils contained in the ¢ Rothe Raibler
Schichten ’ of Schlern.

Dr. T. Skuphos,® during the summer of 1891, examined the
Partnach strata in the Northern Alps; his results prove that these
beds lie under the Wetterstein Kalk and above the Muschelkalk,
and that the plant-bearing sandstones (previously in several
places included with the Partnach strata) belong to the Raibl horizon.
He further concludes that the Partnach strata form an upper
zone of Alpine Muschelkalk, while' the Wetterstein Kalk probably
represents the highest zone of the extra-Alpine Muschelkalk.

Before entering on the special stratigraphical work of this paper,
a short summary may be given of the marked general features in
the geology of the Southern Tyrol Dolomites and the explanation
they have found in previous research. These are :—

(1) The dolomitic character of immense thicknesses of rock.

(2) The apparently rapid variations in the thickness of strata,
noted chiefly in the dolomitie rocks.

(3) The occurrence of volcanic rocks, as flows and dykes, and the
admixture of volcanic tuff with ordinary stratified detrital deposits.

(4) The local development of the rich and highly typical fauns
of 8. Cassian.

Leopold von Buch’s* valuable researches first directed the atteu-
tion of geologists to the neighhourhood of the ¢ Dolomites,” and
various theories were propounded to explain the origin of the
imposing masses of dolomite-rock, These I need not here recount.
An exhaustive list of the literature which appeared during the first
half of the century is given by von Richthofen.’

The stratigraphy of the district first found full and systematic
treatment in the work of Richthofen above referred to. A coloured

! ¢ Die Fauna der sogenannten Cardita- u. Raibler Schichten in den Nord-
tiroler und bayerischen Alpen,” Jahrb. d. k. k. geol. Reichsanstalt, 1889,

. 181.

Py ‘Die Fauna der Raibler Schichten vom Bchlernplateau,’ Zeitschr. d.
Deutsch. geol. Gesellsch. vol. xliv. (1892) p. 167.

2 *Die stratigraphische Stellung der Partnach- und der segen. Unteren
Cardita-Schichten in den Nordtiroler und bayerischen Alpen,’ Jahreshefien
d. kgl. bay. Oberbergamt, iv. 1891.

* ¢ Geognostische Beobachtungen auf Reisen durch Deutschland und Italien,
vol. i. pp. 263-320. Berlin, 1802.

# «Geognostische Beschreibung der Umgegend von Predazzo, St. Cassian,
ete.” Gotha, 1860.
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geological map and several sections give additional value to his
original work, A clear idea will be gained of the succession of
Triassic strata adopted by that author from the important section
over the Seisser Alpe and the Schlern mountain.'

After his examination of the Triassic strata over a large tract in
the west and south-west of this district, Richthofen sought to
explain the peculiar local features by the application of Darwin's
theory of the origin of, and conditions attending, coral-reefs.
Whereas in the older literature it had been suggested that the
St. Cassian fossils, occurring in marly strata and limestone-beds,
had the special character of coral-banks and represented the
fauna of a shallow sea, Richthofen suggested that the dolomite
mountains themselves were in truth altered coral-reefs, formed
during subsidence of the land, while the fauna of the St. Cassian
and of the Raibl strata had been developed in the restricted lagoons,
bays, and channels of a coral sea.

This explanation® of the origin of the dolomite massifs in Southern
Tyrol as a varying and disconnected reef-facies curing continued
deposition of sedimentary beds has bcen accepted eand supported,
after careful original investigations in the district, by the well-
known geologists Stur ® and Mojsisovies.

The publication of the latter’s book, ¢ Die Dolomit-Riffe von Siid-
Tyrol u. Venetien’ in 1879 embraces the work of several geologists
assoclated with him in a survey of the district. A large extent of
country was mapped (scale 1:75000), and Mojsisovies entered fully
into the question of facies. In this work the nomenclature of
the strata differs somewhat from that of Richthofen, ¢, g. the
‘Sedimentary Tuffs’ and ¢ Cipit Limestones’ of Richthofen in the
Seisser Alpe section are included by Mojsisovies as Wengen strata,
and the name of ¢St. Cassian strata’ is limited to the small
upper series of beds containing the well-known and unusually rich
fauna collected chiefly on the Stuores meadow, near St. Cassian, in
the Enneberg Valley.

In developing and extending the application of the coral-reef
theory of Richthofen, Mojsisovies emphasized the ¢heteropic’*

1 «Geogn. Beschr. d. Umg. v. Predazzo,” pp. 40-43.

2 In several cases Austrian geologists hare found Richthofen's coral-reef
theory applicable to the occurrence of thick masses of limestone eleswhere,
and in other formations than the Trias. I may mention the recent work of
Dr. Franz Wihner in the Rofan Group, near the Achen See, in Northern
Tyrol. Dr. Wihner attributes the white Liassic limestones of Sonnwendjoch
to the agency of corals, while a facies-development of foraminiferal limestone
occurs quite near, on Pfons Joch. Zeitschr. d. Deutsch. Alpenver. vol. xxii. 1891,

3 <Eine Excursion in der Umgegend von St. Cussian,’ Juhrb. d. k. k. geol.
Reichsanstalt, 1868, p. 529.

* [On p. 6 of bis ‘Dolomit-Riffe, Mojsisovics explains, as follows, *hete-
ropisch’ (a compound apparently derived from érepos and &y, omds):—
‘ Bbenso wie sich zu gleicher Zeit und neben einander im selben Raume
verschiedenartige Facies bilden, erscheinen in verschiedenen Réumen (Pr.-
vinzen) und zu verschiedenen Zeiten gleichartige Facies. Die ersten nennen
wir heteropische, die letzteren isopische Bildungen. See also his paper ‘ Ueher

heteropische Verhaltnisse im Triasgebiete der lombardischen Alpen,’ Jahrb. d.
k. k. geol. Reichsanstalt, 1880, p. 695.—Eb.]
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nature of the Upper Triassic rocks. He differed from Richt-
hoten in assuming that the coral-reefs began to form in certain
localities directly after the deposition of the Muschelkalk strata.

A case in point is offered by the dolomite-rock of the Schlern
mountains. Referring to Richthofen’s section (op. jam cit. pp. 40—
43) this rock is regarded as a reef built on a subsiding portion
of Muschelkalk rock after the period of the deposition of the
Buchenstein and Wengen Beds exposed on the Seisser Alpe. The
highest beds exposed on the Seisser Alpe contain a St. Cassian
fauna, and these are the beds regarded by Richthofen as the
time-equivalent of the dolomite-reef in part; he further believed
that the reefs continued to grow after the St. Cassian period, and
that Raibl Beds and a Raibl fauna spread themselves then irregu-
larly above the reefs and above the St. Cassian Beds in the channels
beyond. The name of ¢Schlern Dolomite’ was given by Richthofen
to the dolomitic rock developed within these ages.

Richthofen’s idea that after Muschelkalk time a gradual uprising
of the rock, followed by subsidence, took place in the Schlern
district and farther south, was not accepted by Mojsisovies, who'
held that the reefs grew upon the Muschelkalk during the depo-
sition of the whole series of Buchenstein, Wengen, and St. Cassian
sedimentary beds. Mojsisovics, therefore, gave up the name of
¢ Schlern Dolomite,” and introduced names for the dolomitic horizons
in correspondence with the names of the non-dolomitic beds. The
alteration thus introduced by him may be represented as follows i—

RicHTHOFEN'S SUCCESSION. Modssisovics' SucCESSION.
Raibl Beds. |/ Raibl Beds. Raibl Beds.
g
‘F Schlern Schlern . :
2 . . . St. Cassian St. Cassian
8 { Dolomite. Dolomite. o Bads, " Dolomite.
Sl tl—————— < | B
“ . & 8
o { St. Cassian { - =
4 Beds. = { Wengen 2 Wengen
£ (Uneonfor- = Beds. E | Dolomite.
S | Wengen Beds. mity.) 2 8
= = =
S | Buchenstein 3 Buchenstein A | Buchenstein
Beds. Beds. { Dolomite.
Muschelkalk (Mendola Dolomite). Muschelkalk.

Many cases are quoted by Mojsisovies as affording proof of the
¢ heteropism’ of the strata, either by the thinning-out of the zones
of sedimentary beds in the dolomitic facies, or bv the conformable
succession of the Raibl Beds, sometimes on the dolomitic, sometimes
on the non-dolomitic facies of the St. Cassian horizon.
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Ever since its first publication the coral-reef theory has had its
opponents. In the year 1872 Giimbel' published a paper on
the Mendola and Schlern mountains, in which he gave several
sections, and made a comparison between the succession of Triassic
strata in Northern and Southern Tyrol. He proved that the Men-
dola and Schlern Dolomites could be distinguished as paleontological
horizons. In the Mendola Dolomite the fossil of most frequent
occurrence is Gyroporella pauciforate, Gimbel, characteristic of the
Muschelkalk in the Northern Alps, whereas in the Schlern Dolomite
other species of Gyroporella occur, especially G. annulate, Schafh.,
common in the Wetterstein Kalk in Northern Tyrol. Giimbel
defined the Schlern Dolomite in a twofold sense :

1. As the doJomite-rock equivalent in age to the whole series of
sedimentary strata, from the lowest St. Cassian Beds exposed on the
Seisser Alpe (Richthofen’s ¢Sedimentary 1'uffs’ included here) to
the ¢ Red Raibl Beds ’ of the Schlern plateau.

2. As the dolomite-rock denoling a distinct paleontological
horizon lying above the St. Cassian strata and below the Raibl strata.

Giimbel opposed Riechthofen’s coral-reef theory, chiefly on the
ground that there was liitle proof of coral agency, corals being
seldlom found in the Schlern Dolomite, whereas alg®e such as
Gyroporelle are often obtained and with their fine structure well-
preserved. He also showed that the variation in thickness of the
Schiern Dolomite was analogous to the variation in other rocks, such
as the Wetterstein Kalk in the Bavarian Tyrol. These objections
of Giimbel were replied to by Richthofen in a paper ¢ Ueber Mendola-
Dolomit u. Schlern-Dolomit.”?

Loretz,® who published the first detailed study of the Ampezzo
district in two papers (1874-75), did not accept the reef-theory.
At the same time he recognized two equivalent facies of strata, a
dolomitic and a non-dolomitic, representing the period between the
Muschelkalk and the Raibl strata. In thishe anticipated the view of
the complete ¢ heteropic’ development of the Buchenstein, Wengen,
and St. Cassian zones held by Mojsisovics.

Lepsius,* in his work on the Nonsberg massif, south-west of the
Schlern mountains, concluded that the Schlern Dolomite in that
district was a stratified marine deposit, covering an immeuose area,
and that the same deposit varied in thickness in the Schlern and
Fassa districts, mainly owing to the outpouring, during its period
of deposition, of masses of volcanic matter.

1 ‘Das Mendel- u. Schlern-Gebirge,” Sitzungsb. d. math.-phys. Classe d. k.
bayerisch. Akad. d. Wissensch. vol. iii. (1873) p. 14.

? Zeitschr. d. Deutsch. geol. Gresellach. vol. xxvi. (1874) p. 225.

? ‘Das Tirol-Venetianische Grenzgebiet der Gegend von Ampezzo,’ ibid.
p.377; ¢ Einige Petretaclen der alpinen Trias aus den Siidalpen,’ ibid. vol. xx:ii.
(1875) p. 784.

4 “Dus Westliche Sid-Tirol,” Berlin, 1878; see particularly pp. 77-83.
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III. TorocraPHY oF THE DISTRICT.

In the valleys of Ampezzo and Enneberg, south of the Puster-
thal, the Wengen and St. Cassian Beds are well exposed, and
abundant opportunity is afforded of studying their stratigraphical
position with regard to the overlying strata.

I mapped in detail three arcas in the northers part of the ¢ Dolo-
mite Alps.”*

(A) The classical district of St. Cassian in Enneberg and Sett Sass ;
(B) The Falzarego Valley, west of Cortina d’Ampezzo ;
(C) The Prags Valley and the Diirrenstein mountain near Toblach,

The field-work was done upon the Survey Maps of Austria-Hun-
gary, scale 1: 25000 ; the maps published with the present paper
are reduced to the scale of 1 : 50000, or 1:267 inch to the mile.?

‘With the view of securing at once a series of typical sections 1
made several traverses of other districts, such as the Seisser Alpe,
north of Schlern; the Sella Joch and the Grioden Joch; the Lower
Eunneberg; Tre Croci and Misurina. Only a part of my observations
in these districts is given here.

The Enneberg Valley opens into the mein east-and-west valley of
the Pusterthal at Bruuneck, while the Ampezzo Valley opens into the
Pusterthal at Toblach.

The Gader stream flows north through Enneberg, cutting in its
upper part through the Abtey slopes between Stern and St. Leon-
hardt (Abtey). At Stern the two branches of the Gader stream
meet ; these are the Pescadoi or Grosser stream from the west (on
which Colfuschg and Corvara lie) and the Sore stream (on which
8t. Cassian lies) from the north. The Sore is joined higher up by the
Eisenofen (or Valparola) and by the Stuores and Piccol streams.

The Gardenazza massif rises on the western side of the Enneberg
Valley, and the Sella massif extends farther south, forming the
watershed between this northern region and the Fassa district.
Between these two dolomite-massifs the Groden Pass leads from
Enneberg to the Grodenthal. The latter is the narrow valley north
of Lang Kofl, Platt Kofl, and Schlern, which joins the Eisack some
distance north of Botzeu.

On the eastern side of the Enneberg Valley the great massif of
Kreuz Kofl, La Varella, Centurinus and Lagazuoi extends south to
the Tra i Sassi Pass, The district of Sett Sass and Prelongei lies
between the two sources of the Gader (Sore and Grosser streams),
is bounded by the Buchenstein Valley in the south and south-east,
and is surrounded on every other side by dolomite-massifs.

The Tra i Sassi Pass leads from Enneberg eastward to Cortina,
between Sett Sass and Lagazuoi, and holds north of Nuvolau. The
Ospizio in Falzarego is high on the eastern side of the Pass, and the

! These three areas are included within the Austrian Map. Scale 1 : 75000;
Sheet Cortina, Zone 19, Col. vi.

2 The sectivons are drawn to the natural scale, vertical and horizontal ; but
in some cases the dip of the beds, and therefure the thickness, has been slightly
exaggerated.
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road to Cortina continues to descend for the greater part of its length
along the northern bank of the Costeana stream. Tofana Prima
and Secunda form high dolomite-massifs north of the valley, while
Nuvolau and Cinque Torri extend along the southern side.

Cortina lies in a deep basin where two tributary streams, the
Cosleana from Falzarego and the Bigontina from Tre Croci in the
east, open into the Boita Valley., Ascending the Boita Valley the
Ampezzo road leads north between Tofana and Pomagagnon, then
turns eastward at Peutelstein and passes between Croda Rossa and
Cristallo to Schluderbach. Here the road again turns northward and
follows the course of the Rienz stream past Landro to Toblach.
West of the road is the Dirrenstein massif, extending north and
south between the Rienz Valley and the high mountain-pass of the
Plitz Alp. Northward it is bounded by high-lying meadows; an
outer band of dolomite, the Sarl Kofl and Sarl Brand, forms then the
steep descent north of the Diirrenstein to the Pusterthal between
Toblach and Niederdorf.

IV. THE GENERAL STRATIGRAPHICAL STCCESSION.

The Triassic strata exposed within the district examined are, in
descinding oider :-—

. The Dachstein Dolomite.
. The Raibl Beds.

. The Schlern Dolomite.

. The St. Cassian Beds.

. The Wengen Beds.

. The Bucbenstein Beds.

. The Muschelkalk.

. ‘Lbe Werfen Beds.

H=INWARDTO-T®

1. The Werfen Beds.!—A glance at the geological maps accom-
panying this paper (facing pp. 18, 28, and 32) shows that the
Werfen Beds seldom have an outcrop in the districts examined.
They are mainly exposed in the neighbourhood of the erystalline
schists south of the Pusterthal, near Prags, and again in the Lower
Enneberg Valley. In the Cortina district they are nowhere exposed.
In the Upper Enneberg, an exposure of Werfen Beds oceurs from
the Groden Pass eastward towards the village of St. Cassian, but
their chief extent is farther south, along the valley of Buchenstein,

These strata are a series of dark-grey limestones and marls,
argillaceous shales, reddish micaceous or sandy clays, attaining a
thickness of 300 to 500 feet. Their characteristic fossils are Posido-
nomya Clarai, Emmrich, and Naticella costata, Miinster.

2. The Muschelkall.—In all the above-mentioned cases of outcrop
of the Werfen or Lower Triassic Beds, they are conformably suec-
ceeded by beds of limestone and dolomite, containing characteristic
Muschelkalk fossils. )

! The name was given to this lowest horizon of Alpine Trias from the village
of Werfen in Salzkammergut,
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This series has been subdivided in Southern Tyrol into :—

( Upper Muschelkalk (=Richthofen’s * Mendola Dolomite’),
Characteristic fossils: —
Trachyceras trinodosum, Mojs.
Ptychites gibbus, Benecke, etc.
{ Lower Muschelkalk (=Richtbofen’s ¢ Virgloria Kalk ).
Characteristic fossils :—
Trachyceras binodosum, Hauer.
Piychites Studeri, Hauer,
Terebratula vulgaris, Schloth.

At both horizons occurs the representative fossil alga, Gyropordla
pauciforata, Gimbel. Where exposed in the Buchenstein and
Enneberg Valleys, the Lower Muschelkalk Beds are dark, bitu-
minous, evenly-bedded limestones and shales varying from 40 to
60 feet in thickness. Near Prags, these beds are at least 300 feet:
thick ; in the lower portion they are greyish or reddish limestones
and bituminous shales, succeeded by a great thickness of greyish-
white dolomitic limestone and dolomite containing Gyroporells
pauciforata often in great number.

The Upper Muschelkalk is throughout a pure dolomite, drusy and
crystalline, brittle, and forming débris of small angular fragments,
Although well-bedded in thick massive layers, the planes of bed-
ding are often less striking to the eye than those of the vertical
joints and clefts, and are, moreover, in some measure obscured by
the general effects of weathering. Like the Lower Muschelkalk,
this dolomite also varies much in thickness ; thus in Enneberg it is
very little developed, not reaching more than 120-150 feet, while
in the Prags district it reaches a maximum thickness of 1200 feet.

3. The Buchenstein Beds.—The village of Buchenstein or Pieve
(from which these beds derive their name) lies in the Buchenstein
Valley, south of Prelongei and Sett Sass.

The strata succeed the Muschelkalk conformably, and their fauna
shows so great a similarity to that of the underlying formation that
several authors' have included them as a higher zone of Alpine
Muschelkalk. Besides such typical Upper Muschelkalk fossils as
Terebratule angusta, Schloth., 1. vulgaris, Schloth , Pecten discites,
Schloth., sp., Trachyceras binodosum, Hauer, others specially cha-
racteristic of this horizon oceur, e. g. T'r. Reitzi, Bockh, . Bockhi,
Roth., Halobia Taramellii, Mojs., ete.

Hard limestone-beds with siliceous concretions, and the ¢ Pietra
Verde’ rock so characteristic of Southern Tyrol, together with
interbedded fossiliferous shales, predominate in the exposures found
near Buchenstein and farther west. On the other hand, the ¢ Pietra
Verde’ and siliceous limestones, although present in the neighbour-

1 See especially Loretz, op. cit. Zeitschr. d. Dentsch. geol. Gesellsch. vol. xxvi.
(1874) p. 406. etc.
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hood of Prags, are less developed and of less marked character,
while thick beds of dark-blue limestones containing plant-remains,
and more rarely the typical ammonites and brachiopods, are inter-
stratified with dark bituminous shales, and form the greater thick-
ness of the Buchenstein series.

4. The Wengen Beds—The Wengen Beds, and indeed all the
higher members of the Triassic suceession, have a much wider dis-
tribution in the districts which I have mapped than the foregoing
strata.

The conformable succession of Wengen Beds above Buchenstein
Beds is proved in all the outcrops of Lower and Middle Trias already
indicated. Enneberg is the classical distriet of Wengen and St. Cassian
Beds. It was in the village of Wengen, lying in one of the trans-
verse valleys of Lower Enneberg, that the characteristic fossils
were first collected. The name of Wengen strata was then given by
Wissmann (¢ Petrefaktenkunde,” p. 21). Emmrich had called these
strata on the Seisser Alpe ¢ Halobia-strata’ Farther south, in the
vicinity of Spessa, on Armentara Berg, and throughout the whole
Gader stream-cutting from Abtey (or St. Leonhardt) as far as
the confluence of the Sore and Eisenofen streams, the outcrop of the
Wengen Beds and of the St. Cassian Beds succeeding them on the
higher ground has given rise to the slopes and meadows of Upper
Enneberg. More favourable exposures of the Wengen Beds are
found on the southern slopes of Prelongei, between the villages of
Corvara and Buchenstein, and from these the sections to be presently
described were mainly taken.

As the Cortina map shows (Map B, facing p. 23), true Wengen
Beds are but little exposed in the Ampezzo Valley.

In the Prags district, the Wengen Beds have a wide outerop on
the Sarl Alp and Schafriedl, and on the Kameriod Wiesen.

5. The St. Cassian Reds.—These richly fossiliferous strata are
spread over the Prelongei Alpe and oceur on the higher parts of the
surrounding slopes. In the other districts mapped, near Cortina
and the western slopes of the Diirrenstein, the St. Cassian Beds
extend, in my opinion, over a wider area than has hitherto been
admitted.

I now enter into the details of the original maps and sections
with regard to the Wengen and St. Cassian Beds; the strata lying
above them will be described later on in this paper.

V. STRATIGRAPAY OF THE WENGEN AND St, Cassian Beps,

The succession of these strata in the districts of Corvara, Pre;
longei, and Sett Sass is described in detail in the annexed Table,
with reference to the three typical sections (figs. 1, 2, 3, on pp. 17,
19, 21) through the area of Map A.



Tanurar DrscriprioN oF THE Sr. CassiaN AND WENGEN BEDs (IN DESCENDING ORDER).

(Mar A.)

MippLE St. CASSIAN,

MIDDLE ST. CASSIAN. Low. St.Cas.

Lower St. CAssIAN.

Lowrr WENGEN.

Favrr

{ careous material.

Secrrox I, p. 17.
Corvara and Ruones Wiese.

(Lower parallel section=cutting of
Kirchen Bach.)

15. Fossiliferous marls (character-
istic Stuores fossils) ; thin shaly lime-
stones with Posidonomya, n. sp.; ashy
grits, unfossiliferous  thin-bedded

f shales, limestones, and sandstones, with

frequent unrecognizable plant-remains.

14. Thick-bedded grey-blue lime-
stone, with augite-porphyry and tuff.
The limestone is altered at both its
\_contact-surfaces withthe volcanic rocks.
{ 13. Marls and hard thick-bedded
| limestone. Thislimestone has a rough,

4yellow-weathered surface, somnetimes

has no fossils, sometimes is full of
cidarid spines and stem-fragments of
Encrinus cassianus, Laube.

12. Fossiliferous marls and - thin-
bedded limestones, These are more
favourably exposed farther south, in
the Ruones Muren (see Additional
Remarks on p. 17); here some thick-
ness of beds is concealed under grassy
meadows before the complex of beds
No. 11 is reached.

11. Marls and limestones, the marls
ferruginous, the limestones oolitic and
contalning a few characteristic Stuores
or St. Cassian fossils, small gastero-
pods and brachiopods.

10. Dark bluish limestone, with a
few doubtful ammonite specimens,
along with one good specimen of
Trachyceras Aon, Minst. sp., and
several of Posidonomya wengensis,
Wissim,

L Augite-porphyry and tuff.

9. Thin-bedded marls (unfossilifer-
ous) ; volcanic bed, 1 foot thick (tuff),
beds of aragonite, one oolitic lime-
stone-bed with St. Cassian fossils.

{ 8. Hard, thick-bedded, yellow-wea-
thering Cipit Limestone with rough
surface ; in this are found occasional
specimens of Ciduris dorsata (Braun)
|Land other cidarid species.

{ 7. Blue, fissile marls (Posidonomya
wengensis) ; thick beds of limestone,
with veins of calcite, poor specimens

A

~ | 8p-; also stems of ferns,

= l Thin-bedded shales and limestone,
% ¢ often interbedded with aragonite-
g | layers.

- 5. Beds of voleanic tuff and ashy
& | caleareous grit (unfossiliferous).

5 Shales full of Posidonomya wen-

gensis and the small variety ol the

-t 8] riginatly krown inthe

Lliterature as Avicula globulus, Wissm.).

5. Thin-bedded black tuffs, shales,
marls, and limestones, occasionally
with fragments of stems and leaves of
plants.  These beds vary constantly
in strike and dip owing to bending
and slight faults.

4. Fine breccias of tuff and cal-
Shaly limestones
with Halobia Lommeli, Wissm., and
Posidonomya wengensis, Wissm.

3. Hard thick limestone.

2. Augite-porphyry, of great thick-
ness, and beds of volcanic tuffs,

1. Black Hualobia-shale, with the
well-known < Wengen flora’ from the
Corvara locality.

Secrion IL, p. 19.
Prelongei and Stuores Wiese.

Secriow IIT,, p. 21.
Sett Sass and Monte Sief.

(Lower parallel section=Castello
Wiese.)

of Amnonites, sp., and of Posidonomya, |

Mippre St. CASSIAN.

£

L. Wave. Ur. Weng, Low. St. Cass.

A

[ 12. Fossiliferous marls (concealed
in great measure by fallen blocks from
the Dachstein Dolomite and Raibl
Beds of the western part of Sett Sass)
containing several fossils, especially
ammonites ; together with large blocks
of limestone containing encrinite and
cidarid fragments, and scattered over
the whole meadows. These are pro-
bably the remnant of higher beds of
fossiliferous St. Cassian strata now
eroded from the ridge and slopes of
Prelongei.

11, Fossiliferous marls, and thicker
beds of fossiliferous oolilic limestone
with yellowish-weathered surface; in-
terbedded ferruginous marls and shales
and layers of aragonite. This hori-
zon is mainly that in which the great
number of Stuores fossils occur (50-G0
feet).

10. Less fossiliferous thin-bedded
shales, marls, oolitic and shaly lime-
stones, Beds of tuff and ashy sedi-
ment. Thin, blue, marly limestones,
with calcite veins; light grey shales
with Posidonomya, n. sp. ; ashy rocks
with fragments of fossils, especially
thick shells of bivalves. Among the
fossils actually found in position in
these beds are:—Nucula lineata, GAf.;
Terebratula cassiana, Bittn.; Mytilus
Miinsteri, Klipst.; Koninckina Leon-
hardti, Wissm. sp. ; several species of
Cidaris and corals. The fossils occur
in the marls and shales belonging to the
higher portion of the series. The whole
complex is exposed in a series of
‘Muren’ on the southern side of
Prelongei, as well as in frequent slips
on the northern side.

9. Blocks of augite-porphyry strewn
singly ; sometimes a bed of dark-blue
limestone occurs in position, and

augite-porphyry along with it.

g 8. U‘:Jfols)silitgrous shales and marls;
thick series of hard-bedded sandy-
looking limestone. This is sometimes
very fossiliferous (true St. Cassian
fossils), and sometimes it is developed
like the characteristic Cipit Limestone
of the Seisser Alpe.

7. Thin-bedded unfossiliferous lime-
stones and shales containing a few
poor specimens of cidarid spines.

6. Posidonomya wengensis - shales,
[ interbedded with grits, often ashy.

5. Thick series of black tuffs.

4. Beds containing Helobia-Lommeli.
3. Augite-porphyry and breccias.

2. Augite-porphyry and tuffs.

1. Buchenstein Beds.

Lowtr WENGEN.

Uw. LC.

B

Mippri ST. CASSIAN.

Schlern Dolomite,

14. Fossiliferous marls and thin
beds of limestone, containing the fauna
included in the fossil-list under Sett
Sass (Forcella). Interbedded lime-
stones contain almost solely corals and
encrinites,

13. Lens-shaped mass of drusy, un-
fossiliferous dolomite, known as ¢ Richt-
hofen Riff, thinning out in the series
of fossiliferous marls as thick beds of
limestone (Cipit Limestone), with
cidarid spines and, rarely, brachiopods.

12, Thin-bedded marls, covered
largely by blocks of the higher dolo-
mite and limestone. These beds are
continuous with the strike of the beds
on the Prelongei ridge, and agree with
them in lithological and palzonto-

-~

4 logical character (¢f. Prelongei section,

and fig. 2, p. 19). Yellowish shaly
limestone and fossil-bearing marls.

11. Coarse grits with fraginents of
fossils and of voleanie rock (mixed to-
gether as a rock possibly betler named
a voleanic and caleareous breceia).

Typical oolitic limestone with St.
Cassian fossils. Hard porphyry and
ashy grits. Beds of aragonile ; reddish
grits with fossils and yellow-weathered
limestones. Ashy grits and ferru-
ginous marls,

Thin-bedded shaly limestone with
Posidonomya, n. sp., which may be
followed eastward under the blocks.

10. Beds of porphyry and tuff.
Hard limestone with cidarid spines.
[ Volcanic tuffs,

9. Yellowish fossiliferous limestones
and marls. Blocks of Cipit Limestone
with corals.

8. Grits, shales, and ashy beds.

{ Some poor specimens of Posidonomya
wengensis found.
(7. Calcareous grits and shales, with
Halobia Lommeli, Wissm., Posidono-
mya wengensis, Wissw., Trackyceras
Gredleri, Mojs.

6. Argillaceous tuff, with plant-
remains.

; 5. Grey limestone-bed.

4. Voleanie grits and agglomerates.

3. Augite-porphyry and agglome-
rates, with lenticular masses of irregu-
larly-bedded felsitic rock.

2. Limestone (one thick bed), inter-
bedded with rough slaggy conglome-
{_rate and true porphyritic rock: - -

1. Unfossiliferous greyish-blue crys-
talline limestone, foliowed as two thick
bands of rock among interbedded
shales and ashy, thin-bedded limestone.
= Buchenstein Beds.

L. Cas,

Urrer WENGEN.

=

{ 7. Halobia-shales.

Note.—In the parallel section of
Castello Wiese, the beds of series
No. 11 (in part) and of Nos. 10 and 9
are wanting. The section then con-
tinues as follows:—

9a. Calcareons thick-bedded grits.

{ Impure ashy limestone with coarse
| texture and yellow-weathered surface.
(82 Thin-bedded oolitic limestones
and marls rarely containing fossils.
Cidaris dorsata, encrinite-remains, and
poor impressions of Posidonomya wen-
gensis oceur, together with frequent
impressions of plants. (These series,
Nos. 98 and 8% are wanting in the
upper section of Sett Sass and Monte
Sief.)

8. Ferruginous earthy beds, inter-
stratified with ashy grits. (Cf.No.8 in

upper section).
3 (¢f. No. 7 in

upper section.)
Tuffs and volcanie rocks.

[These lower beds strike through
the Castello Wiese as a continuous
series with Nos. 6-1 exposed on
Monte Sief.]

[*XI[X *[0oA *00g *J09Y) ‘UINOf *JTLY)
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Section 1, Corvara and Ruones Wiese. (See Table and Map A.)

Fig. 1.—Section through the Ruones Wiese.
(The lower section is along the Kirchen Bach.)

Corvara,
Corvara., Artara, Moor.

[Scale : m%:l@ inch to the mile.]

For explanatory index, see p. 19.

T

Additional remarks.—In the Ruones Muren, between Kirchen
Bach and Incisa Bach, very fossiliferous strata are exposed; they
correspond to bed No. 12 (Middle St. Cassian) in the first column of
the Table, and contain the same fossils as are found on Stuores
Wiese. 'These strata are (in descending order) :—

Marls, often ferruginous, and thin layers of aragonite.

Grey limestones and shales with irregular surface, sometimes ripple-
marked.

Oolitic limestone-beds, several inches thick, containing at infervals
highly fossiliferous layers from 1 to 3 iuches thick,

Unfossiliferous marls, limestones, aragonite, etc.

Fossiliferous, yellowish, oolitic limestone, sometimes crowded with ocorals
and sponges.

Fossiliferous marls and thin-bedded shaly limestones.

Thick bed of limestone in which alternating layers, fossiliferous and
non-fossiliferous, may be distinguished.

Marls, etc., of the more ashy series denoted in the Table as Nos. 10
and 11, ete., containing fewer fossils.

In the succession of beds described for Section 1, Nos. 13 to 15
are identical with the beds of Nos. 8 to 12, and these relations
continue for some distance north and south. A slight fault causes
the fossiliferous series to occur at the two levels,

From the fossils which I carefully collected at the various horizons
I classify the succession of beds in this section in two groups :—

St. Cassian Series = Nos. 15-8,
Wengen Series = Nos. 7-1.

Beries corresponding to
No.12 in the Table

} See Table.

The Wengen Series is continued with a general north-and-south
strike over the Incisa Pass, and has a wide distribution on the
heights of Campolungo. In the woods towards Rudort Valley the
exposures are unfavourable, and I found few fossils even in the
higher slipped portions of rock. The beds dip slightly outward from
the hill, and are at times much contorted. The best exposure of

Q.J.G. 8. No. 193, o
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‘Wengen Beds is seen along the Rudort stream where it bends
towards Corvara, cutting through a conformable succession of rocks
from augite-porphyry and Halobia-shales to St. Cassian Beds below
the Crap de Sella rock. The occurrence of some slight throws
does mnot seriously interfere with the succession. The ¢ contact’
appearances in the beds of No. 6 are here very clearly shown.

Section 2. Prelongei and Stuores Wiese. (See Table and Map A.)

Additional remarks.—The beds form a shallow syncline, dipping
more steeply on the southern side, 20° to 25° and less on the
northern, 5° to 10°; general strike east and west.

This section, described in the Table, offers peculiar difficulties,
owing to the slips of larger or smaller portions of rock. On the
southern side the beds of Nos. 11-7 are exposed in steep ¢ Muren,’
and the débris from these are heaped up at all the lower levels, and
on the banks of the Selvaza sources coming from Prelongei. Fol-
lowing the strike of the beds, frequent opportunities are afforded in
the streams and on the slopes above Contrin of convincing one’s self
that there is a conformable series from Contrin to Prelongei, agree-
ing in the main with the series in Section 1. This section has the
more value, as the underlying Muschelkalk and Werfen Beds,
exposed along the Buchenstein Valley, follow conformably in down-
ward succession. ,

On the Stuores side of Prelongei, the beds are so altered in their
position by the small throws, associated with the slips, that in the
meadows drained by the sources of the Piccol stream the exposures
have a north-easterly strike. Lower down the strike is more regular.

While the most richly fossiliferous beds are limited to the com-
paratively thin series No. 11, from 50 to 60 feet, these are borme
downwards as a cap, from the high ridge of Prelongei towards the
lower-lying meadows of Stuores and Piceol, on the soft yielding mass
of the underlying ashy and less fossiliferous beds. To this fact, as
well as to the very slight dip of the strata, and the many minor
throws they have undergone, we owe the ever-renewed abundance
of the St. Cassian fossils strewn on the banks of the streams and on
the hillocks of slipped material.

At the same time many fossils are found, belonging to true
St. Cassian species, in beds Nos. 10, 9, 8 in the tabular description
(facing p. 16), and according to their evidence the strata may be
grouped as follows :—

St. Cassian Beds = Nos. 12-8.
Wengen Beds = Nos. 7-2. } See Table.

Section 3. Sett Sass and Monte Sief. (See Table and Map A.)

Additional remarks.—The important fact here proved is that
the feesiliferous series of St. Cassian Beds underlie conformably
the dolomitic rock of Sett Sass, This is seen, not only on the
Forcella between Sett Sass and the Richthofen Riff, but also in two
or three places where Sett Sass bends round towards the west.
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Fig. 2.—S8ection from Contrin over the Prelongei Ridge to the Sore Back. (See Table,) N.

Btuores and

Contrin Belvaza Prelongel
mdsneg- Pioeol Alpe. Sore Bach,

(Belvaza Bach), Alpe,

P e — e
"
!

"\'A'}&";ﬁ IR
B
[Seale: zos = 1:267 inch to the mile.]
MO = Middle St. Cassian (‘ Stuores’ horizon). | LW = Lower Wengen Beds (Halobia Lommeli-shales).
LC = Lower St. Cassian (Cipit Limestone). AP = Augite-porphyry.

UW = Upper Wengen Beds (Posidonomya wengensis-shales). B = Buchenstein Beds.
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The fossiliferous beds of Prelongei continue in a general easterly
direction with the strike, although often lost sight of under the
long lines of blocks tumbled from Sett Sass Berg, and pass under
the lens-shaped dolomitic rock of the Richthofen Riff. They form
the slight hollow eroded between the Riff and the mass of blocks
on the Castello Wiese, and are occasionally traced on the banks of
streams flowing eastward to the Valparola stream. The series of
beds, Nos. 10 to 8 in the Prelongei section, are however cut off on
the Castello Wiese by an east-and-west line of fault, demonstrable
in two ways:—

(1) The light-grey shales with Posidonomya, n. sp. (the species
differs slightly from Posidonomya wengensis), which form a constant
horizon in the St. Cassian strata of this district of Prelongei (see
Section 1, No. 16, and Section 2, No. 10), pass over the ridge and
are traced beneath the blocks on the Castello Wiese. This is true
for other beds, such as the ashy series, the ferruginous marls, and
the beds of hard Cipit Limestone. One after another, these beds
are cut off, and beds of a different palaeontological and lithological
character appear in their place.

(2) The beds thus cut off have in the neighbourhood of the line
of fault a strike N. 50° W., and the beds faulted against them
strike N. 25°-30° E., the two systems meeting almost at right angles
to one another.

The succession of beds in the section, although interrupted by
this fault-line, fall into the main groups as before :—

Sett Sass and
Monte Sief. Qastello.

m

~
See Section 3
Table facing p. 16,

* % & .

St. Cassian Beds. .
No. 9 «.

Nos. 14-9. {Nos. 14-11 (in part).l s

%* %k %

* % % No. 8a.
Wengen Beds.. .. { Nos. 8-9. { No. 8-2.
Buchenstein Beds ..No, 1. No. 1.

The Wengen and St. Cassian strata of all three sections may be
further subdivided into well-marked zones, based both on paleontolo-
gical and stratigraphical evidence. A marked feature in the Prelongei
district is the occurrence of thickly-bedded and sometimes massive
limestones at the base of the St. Cassian Series, They have all the
appearance of, and agree paleontologically with, the Cipit Limestones
first recognized by Richthofen on the Seisser Alpe. In several
traverses which I made over St. Cassian and Wengen strata exposed
in various localities between the Seisser Alpe and the distriet of
Prelongei, I observed such Cipit Limestones always at the horizon
where the St. Cassian fauna . begins to appear, and where the
commonly occurring Wengen fossils begin to lessen in number.
I have therefore accepted this horizon as the best stratigraphical
limit between the Wengen and St. Cassian Beds.,
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This horizon is further accentuated by a sheet of augite-porphyry
in the fossiliferous marls and limestones immediately above the Cipit
Limestone, and the subsequent intermixture of ashy rock with the
ordinary marine sediments, The fossils in the ashy rocks are
few and fragmentary, but passing upward they increase in number
and variety, until in the beds on the Prelongei ridge the St. Cassian
fauna as such reaches its highest point.

As appears from Section 3, a higher seriés of fossiliferous marls
and shaly limestones succeeds, in which thick beds of limestone
and a dolomitic rock thin out. The limestone-rock has been called
¢ Cipit Kalk,” and indeed it looks exactly like the Cipit Limestone
of the lower horizon. Nevertheless, it is no constant bed at this
horizon ; the beds above and below have the same characters and
the same fauna, whereas the Cipit Limestone group at the lower
borizon has both a stratigraphical and palzontological value. Above
this, the highest fossiliferous series, the rock is entirely dolomitic.

For palzontological reasons which are explained below, I have
grouped the whole series of strata between the Lower St. Cassian
zone and the Schlern-Dolomite rock of Sett Sass as the ¢ Middle
St. Cassian’ or ¢ Stuores’ zone; farther east, a higher palaontolo-
gical horizon succeeds above the *Stuores’ zone and below the
Schlern Dolomite. In collecting the fossils in the St. Cassian
district I was very careful to keep separate these of the Forcella
di Sett Sass from those of Prelongei and Stuores meadows, the
¢ Forcella’ zone having been more than once referred to Raibl age.

Local Development and Exposure.

“The ‘heteropic’ strata of the Richthofen Riff and
Oastello conformably underlying the Schlern Dolomite.
Fauna : see List of Foseils found on Forcella di Sett
8.
The series of fossiliferous beds on the Prelongei
Middle ridﬁe.
St. Cassian Beds.- ) The less fossiliferous ashy beds forming the main
mass of the strata on Stuores, Piccol, Ruones and
Corte slopes.

Fauna: see List of Fossils, pp. 48 ¢ segg., under
‘Stuores’ (Prelongei, Stuores, Piccol, Ruones
and Corte slopes included).

"Hard thickly-bedded limestone, sometimes forming

massive rock—oceurring as a firm band throughout
Lower the lower level of the slopes mentioned above.

St. Osssian Bods. Fauna: pre-eminently that of a reef-limestone,

. . including : Cidaris dorsata, C. Remeri ; Encrinus

cassianus, Pentacrinus propinquus; Thamnasirea
Zitteli.

The best exposures of Wengen Beds occur on Monte Sief and
near Corvara; and, comparing these, a lower series, in which sedi-
mentary tuffs, ashy grits, and Halobia' Lommeli-shales predominate,

! [In a recent publication—¢ Die Perm- Trias- und Jura-Formation auf Timor
und Rotti’ (Palxontographica, vol. xxxix. Aug. 1892), Dr. A. Rothpletz has
shown (pEZ. 91-96) that the differences hitherto recognized between Daonella
and Halobia are not of generic value; the older name of Halobia is therefore
used throughout the present paper.]
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may be distinguished from an upper series, where the rocks remain
comparatively free from the black voleanic material and are filled
with remains of Posidonomya wengensis.

. Sett Sass and
Ruones. Prelongei. Monte Sief.

Upper Wengen Beds(Nos.7&6 Nos.7& 6 Nos. 82 & 8 (in Cas-
(not more than 100 tello section)
feet thick).

Lower Wengen Beds| Nos. 5-3 Nos. 5 &4 Nos. 7-5 (Monte
(not less than 200 Sief)
feet thick).
Augite - por%lrlyry, Nos.2&1 Nos. 3&2 Nos. 4-2 (¢bid.)
tuffs, and Halobia-
shales.

‘Wengen Beds.

Buchenstein Beds.| Buchenstein Beds.

It is more especially in the Lower Wengén Series of black tuffy
and thin-bedded shales that the bending and faulting occur. The
augite-porphyry is very thick, and, together with the tuffs and black
Halpbia-shales of Corvara, adds a considerable thickness to the
‘Wengen Series.

Only after a detailed examination of the Wengen and St. Cassian
Beds, such as has been above attempted, is it possible to attain
a clear idea of the tectonic relations of the neighbourhood of St. Cas-
sian. I could only map the main faults; while the numerous
small disturbances in the beds of a single series could not be shown
in the reduced map which accompanies this paper. Bub the fact
that it is impossible to walk for half an hour in these meadows
without meeting some apparently insignificant change in the strike
and dip is, if in the beginning bewildering, in the end the surest
testimony that the whole succession has been subjected at one time
or another to great strain and pressure; thesmall faults within the
series of softer beds have thus an important significance with regard
to much greater faults in the near vicinity.

The outlying parts of the geological map of Prelongei and Sett
Sags, those towards the Sella massif, Centurinus Spitz, and Lagazuoi,
were not examined in the same detail as the central area, but only
with the view of confirming the broad features of the succession
and of determining the tectonic relations of the district,

Sections 4 and 5. Enneberg (Abtey). (See pp. 26, 28.)

The next two sections which will be considered are taken from
the Abtey portion of Enneberg; they are to the north of the
area included within Map A. The first is drawn in an east-
and-west direction from the Xreuz Kofl (9500 feet) through the
exposures beside the Heiligkreuz Kirche (a pilgrimage chapel af
a height of 6600 feet), meets the Gader stream (4200 feet), and



24 MISS OGILVIE ON THE WENGEN AND [Feb. 1893,

ascends on the opposite side to the Gardenazza massif at a level
of about 6200 feet, In the line of section the Gardenazza Berg
does not reach a greater height than 7600 feet.!

Section 4 (see p. 26)..
A. GARDENAZzZA SLOPE.

Schlern Dolomite.

(A certain portion of marly beds almost entirely covered
by the dolomite-blocks from above.

Shaly thin-bedded limestones, with interstratified thick

Middle beds of fossiliferous limestone (the fossils are typical

{ ¢ Stuores’ St. Cassian).

Beds of dark blue limestone with calcite-veins, less fossili~
ferous (about the 1740 met. contour-line).

Ashy shales, and beds of tuff. (Sometimes fossils occur
in the shales ; plant-remains are very frequent.)

Oolitic limestone-beds, especially full of corals and

Lower St. Cassia.n.{ encrinites (Encrinus cassianus, Laube), various sponges
and cidarid spines.

Grey shaly limestones and dark shales at the 1600
met. contour.

Numerous well-preserved specimens of Posidonomya
wengensis and of the previously mentioned small
variely of Posidonomya (sp.?); Trackyceras furcatum,
Miinst,, 1 specimen. Several ammonites were found,
but not in good preservation.

Rough marls and limestones, with plant-remains and
unrecognizable fossils on the weathered surface. Some
of these were cidarid spines.

A series of ashy grits and sandy rocks, brown earthy
tuffs, and impure limestones; not well exposed,
except in the course of the Gader stream below

L St. Leonhardt (Abtey).

The St. Cassian Beds in this section strike through the Abtey
¢ Muren ’ towards Pescol, where the characteristic fossils are found
both lying free and in the hard limestone-rock.

St. Cassian.

Wengen, 4

B. HEILIGEREUZ SLOPE.
Dachstein Dolomite of Xreuz Kofl.

Raibl Beds.
IR EEEE
‘Heiligkreuz Schichten’' ? (according to the original
Tpper |  application of the name by Wissmann) = grey, thinly-
St Olt)igsia.n 1 bedded shaly limestones with (Natica) Ptychostoma
: * sancte-crucis, Wissm. sp.; P. pleurotomoides, Wissm,
. sp.; Nucula inflata, Wissm.; Avicula depressa, Wisem. ;

! T give these heights in the usual English measure, but the sections are more
conveniently described with direct reference to the Austrian Survey Map, by
using the 100-metre contours.

® The name of ‘Heiligkreuz Schichten’ was first used by Wissmann
(‘Beitrige zur Geognosie u. Petrefuctenkunde des 8.-O. Tirols,” Heft iv.

"pp- 19, 21, Bayreuth, 1841) to denote ‘einige graue Kalksteinschichten,
welche auf dem rechten (Giehange des Abteithals und zwar etwa in der Mitte
zwischen der weithin sichtbaren Heiligkreuzkirche und St. I.eonhardt (Abtei)
ganz isolirt zu Tage gehen.’ Wissmann then gives the list of fossils.
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J’ Av. Gea, g’Orb. ; (Unionites) fAnoplophora, Miinsters,

Wissm. ; Omphalophyilia boletiformis, Minst. sp.

St T(J)gg:i;n The horizon containiny these fossils extends some dis-

‘ ' tance above and below the Heiligkreuz Kirche (thickness
about 70 feet).

Series of marls and concretionary shales, with occasional
thicker beds of limestone much disturbed by slips.
l Fossils :—Nucula strigilata, Goldf.; N. lineata, Goldf. ;

Middle Mytilus Miinsters, Klipst.; Halobia Richthofent,

St. Cassian. Mojs. sp.; Koninckine Leonhardti, Wissm. sp.; Pen-

tacrinus propinguus, Minst. ; P. levigatus, Miinst.;
Cidaris (various); Omphalophyllia cyclolitiformsis,

\ Laube; Lobites pisum, Wissm.

[These beds were apparently included by Wissmann with
the * Heiligkreuz Schichten.’]

Thick beds of limestone below the 1900-metre contour
(at this horizon the weathered stones and blocks scattered
about had the Cipit Limestone character). Encrinus
cassianus frequent.

Limestones, thinly-bedded and full of Posidonomya
wengensis, Wissi. (below the 1800-metre contour).

Wengen Beds. Ferruginous clays and shales.

Plant-bearing sandstones and shales.
\ Ashy rock, chiefly earthy unfossiliferous tuffs and grits,
Although the Wengen Beds on both sides of the va.il;iv
have a large outerop, they are seldom favourably exposed,
and I did not succeed in finding good fossils,

Lower St. Cassian.

Having convinced one’s self of the conformable succession of the
Schlern Dolomite upon the St. Cassian strata at this part of the
Gardenazza massif, it is the more striking to find this dolomitic
horizon entirely absent in the section of the eastern side of the valley.
This fact, no less than the special character of the fossils in the
so-called ¢ Heiligkreuz Schichten,” has made the Abtey valley almost
as interesting to geologists as the neighbourhood of St. Cassian.

The stratigraphical question will be discussed later, but the
palzontological difficulty is to fix the age of the * Heiligkreuz strata.’
The beds immediately above them are indisputably of Raibl age ;
they are also very fossiliferous, and they have gradually become
known in the literature as ¢ Heiligkreuz strata.” This confusion
was largely due to a generally-held opinion that both series of strata
were of Raibl age, and the main line of effort in the literature has
been to determine with what horizons of the Raibl Beds they
should be correlated.

Richthofen’s sequence of strata from below the Heiligkreuz Kirche
up to the Dachstein Kalk may be thus shortly quoted (in descending
order) :—

(Limestone of Kreuz Kofl.

Red sandstone with lignite, interstratified with fossi-
liferous limestone (Ostrea montis-caprilis, Klipst.;
Fimbria (Corbis) Mellingi, Hauer, sp., etc.).

{ Reddish limestone.

‘ Heiligkreuz Schichten’ with Anoplopkora Miinstert,
‘Wissm., Avicula Gea, d’Orb., ete.
| Dolomile-bank with baryte.
| Fine-grained sandstone.




Fig. 4.—Section from Gardenazza to Kreuz Kofl.

Ww. E
Gader YValley. :

Bt. Leonhardt Heilighreuz Kreuz
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[Soale : - =1-267 inch to the mile.]

50000
DK = Dachstein Dolomite. (8} = Middle St. Cassian (‘ Stuores’ zone). | AP = Augite-porphyry.
a. Dolomitic marls, CK = Cipit Limestone beds % (Lower St. . .
B = Raibl Beds breccias, and flags. Cassian). Note.—The limestones shown at th:a Heilig-
- " 1 5. Marls and dolomite, | UW = Upper Wengen shales and limestones, | kreuz Kirche are ‘ Heiligkreuz Strata’ (Upper
¢. Fossiliferous beds. LW = Lower Wengen ashy shales. St. Cassian).

SD = Schlern Dolomite.
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Richthofen described the stratigraphical position of the ¢ Heilig-
kreuz strata’ as being above the St. Cassian Beds, and remarked
that it was possible, owing to similarity of the fossils, to look upon
the ¢ Heiligkreuz strata’ merely as a higher stage of St. Cassian.
However, influenced by other reasons, and from the fact that at that
time the same fauna had not elsewhere been found either in the
Raibl or St. Cassian Beds of the distriet, he concluded that they
belonged in reality to a much higher horizon than the St. Cassian Beds.

Stur! found the same fossils as those collected by Wissmann, also
Myophoria chenopus, Laube, and Cardinia problematica,? Klipst. A
comparison of the fossils found at the horizon of the ¢ Heiligkreuz
strata > and in the higher horizon of beds containing Ostrea montis-
caprilis, Klipst., led Stur to group the whole series together as the
probable equivalent in age of the ¢ Torer > horizon of Raibl strata
(i. e. Upper Raibl), He noted, however, certain resemblances
between the special mode of development of the ¢ Heiligkreuz strata’
and the strata on the Forcella di Sett Sass—both he regarded as
Raibl Beds. Mojsisovies, on the other hand, assigned the Heilig-
kreuz Series (* Dolomit Riffe,’ pp. 263, 264) to Lower Raibl, resting
conformably on St. Cassian strata containing Halobix cassiana, Mojs.
8p., H. Richthofeni, Mojs. sp., ete.

After comparison of the fossils from the ¢ Heiligkreuz Schichten’
of Wissmann (sections on pp. 24 & 25) I regard these beds as a true
St. Cassian horizon, succeeded unconformably at Heiligkreuz by a
true Raibl horizon (viz. the Ostrea-limestone, ete.). For there
is no characteristic fossil in the ¢ Heiligkreuz strata’ which has not
been found in the St. Cassian strata, either on Stuores or below
Sett Sass, Anoplophora Miinster:, Wissm., and Avicula Gea, d’Orb.,
occur in the strata below Sett Sass. The Ptychostomata oceur on
Stuores ; Myophoria chenopus, Laube (identitied by Wohrmann with
Myophoria W hateleye, Buch, sp., a characteristic Raibl form) is
found both below Sett Sass and on Stuores Wiese, as also Oardita
crenata, Goldf.

The peculiarity of the fauna rests alone in the fact thab ab
Heiligkreuz the species are few and the individuals very numerous.
In the main the fauna is of St. Cassian type, although some species
are common to the later ‘Raibl’ period. The horizon of the
¢ Heiligkreuz Schichten’ is higher than the St. Cassian strata of
Prelongei and Forcella di Sett Sass, and may be called * Upper
St. Cassian.” '

I must briefly mention Section 5 (p. 28) to the north of Gar-
denazza. On going over the pass between the Gader and Campil
valleys, St. Cassian fossils are found among the rocks below Gar-
denazza. Just as on the eastern side, the marls and limestones on

! Stur, ‘ Eine Excursion in die Umgegend von St. Cassian,’ Jahrb. d. k. k.
geol. Reichsanstalt, 1868, pp. 555, 556, and ‘ Beitrige zur Kenntniss d. geol.
Verhiltniese d. Umgegend von Raibl u, Kaltwasser, ¢vid. pp. 111-117.

* Cardinia (Unwo) problematica, Klipst. sp., is quoted by Klipstein as
ocourring in beds at a much lower horizon on the slopes; see his ¢ Beitrige zur
geol. Kenntniss d. 6stlichen Alpen,’ p. 265, Giessen, 1843.
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the western side have given way in a number of places, although no
such extensive landslip has occurred as on Abtey Muren, These
beds are continued westward and underlie conformably the Schlern

Dolomite of Zwischenkofl. (See p. 65 for further notes on this
Section.)

Fig. 5.—Saction from Gardenazza northward.

B, Abt; N.
Gardenazza. ‘M urg.’ Pescol.

\3

[Seale: z-i-- =19 inch to the mile.]
SD = Schlern Dolomite. B = Buchenstein Beds.
C = 8t Cassian Beds. ME = Mendols Dolomite.
W = Wengen Beds. Wf — vven'fo &B goml
AP = Augite-porphyry. = Werlen eda.

Cortina &’ Ampezzo (Map B).

The district of Ampezzo has occupied a less important place in
the older literature than Schlern and the Seisser Alpe or St. Cassian.
Loretz, who first made known the fauna of the Falzarego Valley,
Misurina, and Seeland Valley, laid the foundation of our knowledge
of the Ampezzo dolomites; and the work of Hoernes in co-operation
with Mojsisovics materially advanced the geology of the district.

The meadows and slopes west of Cortina d’Ampezzo proved of
unusual interest for the study of St. Cassian strata, and I spent
several days in collecting the fossils at various horizons. The
localities where the fossils weather out of the beds in any consider-
able number are :— '

(1) On the hill above Romerlo.

(2) Below the Majorera ridge, in the stream-sources and the
exposed slips of thick series of beds, facing Crepa.-

(3) Among the wooded slopes of Roscatto e Fratta, from the
highest beds below the rocks of Tofana to the Costeana
stream in the valley.

(4) South of the Costeana stream, in a series of strips along
its southern bank, eastward from Pec di Palu.

(6) West of Ospizio in Falzarego, in marls and limestones con~
formably underlying the dolomite-rock of Lagazuoi.
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Fig. 6.—Section through the Roces Alpe.

88.E. N.N.W.

Costeans, Falzarego Boces  Lagazuoi (Forcella i
Alp. di Travernanzes). Tofana I}?m.ma.

Nuvolau, Bach. Alpe.

[Scale: g = 2554 inches to the mile.]

DK = Dachst,ein’ Dolomite.

B = Raibl Beds.
SD = Sechlern Dolomite.
0 = 8t. Cassian Beds.

Fig. 7.—Section from Tofana (fontana negra) to the Falzarego Road,

Tofana Falzarego
(fontans negra). Verviers. Road.

- [Seale: g5s = 1:267 inch to the mile.]

DK = Dachstein Dolomite.

R = Raibl Beds.

SD = Schlern Dolomite,
Upper { 0K = Cipit Limestone Beds.

St. Oassian, | ¢ = Forruginous Marls.
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Fig. 6 (p. 29) has chiefly a tectonic interest, and will be referred
to under Part VIII. of this paper (p. 67).

The strata on the Falzarego Alpe, which conformably underlie the
Sehlern Dolomite of Lagazuoi, and extend down to the Costeana
stream, contain the typical St. Cassian fossils; and the series may
be traced farther west, conformably underlying the Schlern Dolomite
on both sides of the descent from the Tra i Sassi Pass towards Val-
parola. The same beds, containing an identical fauna, are exposed
beside the Raibl Beds and the Dachstein Dolomite north of Seth
Sass, and appear with their greatest outcrop freely exposed on the
Stuores Wiese, Prelongei, and the Forcella di Sett Sass.

Fig. 7 may be compared with fig. 8; in the latter a conformable
succession of the fossiliferous strata is shown from the Majorera
slope, at about the 1800-metre contour, to the meadows at the
base of Crepa, between the 1400 and 1500-metre contours. The
beds strike north and south, and dip not more than 10° west.

Fig. 8.—S8ection from Tofana (fontara negra) to Crepa.

N.N.W. . 8.8.E.
Tofana (fontana Falzarego
negra slopes). Majorera. Road. Crepe.
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[Seale: g5 =1-267 inch to the mile.]

For explanation, see index to fig. 9, p. 32.

{ Below the 1800-metre contour a hard, light grey lime-
| stone-rock, sometimes elightly dolomitic, containing
T St. Cassi spines of Cidaris dorsata, and looking like the Oipit
pper St. z‘Lssla,u Limestone of lower horizoms, In parts of the rock,
]?ed§ '(seeh ('.‘]‘:f’.r'«{ bedding is more marked, and fossils weather out. Ci-

[ “‘Fa' in the :ft i darid spines, small corals and gasteropods were found.
of Fossils, pp. 48 Shaly limestone-beds, breccias of tuff and limestone,
ot segq.). highly fossiliferous. This rock is often coloured dark

res by interstitial ferruginous earth.
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{ (About the 1600-metre contour) reddish-brown ferruginous
Middle St. Cassian | 12@rls, and black earthy beds, containing characteristic

(see* Romerlo’ in St. Cassian fossils and, in especial abundance, various
the List of Fos- species of Cidaris.
sils) Marls and thin-bedded limestones, aragonite and gypsum-

bands, with sometimes large geodes; very good speci-
\__mens of corals and sponges were found.
Hard yellowish limestone, breaking up in large blocks;
Lower St, Cassian. on. the weathered surface of some of these, lithoden-
droid corals and encrinites are frequently seen.
Wengen Beds (part). Ashy beds, exposed in the streams below Lacedel.
Débris at lower levels.

The character of the foseils which occur in the five lowermost
divisions of the above section ; the great predominance in number of
the small bivalves, gasteropods, cidarid spines, corals, and sponges ;
as well as the lithological character of the hard limestone, the
marly beds and loose ferruginous earth in which the fauna occurs,
enable one to refer these horizons with certainty to the St. Cassian
Series.

The Middle St. Cassian strata are present on the hill and the
¢ Wiese’ west of Romerlo, on the slopes west of the Verviers chalets,
again south of the Costeana stream, and west of Ospizio in Falzarego.
The Upper St. Cassian strala have their chief exposure south-east
from Verviers and in the stream-sources below the Majorera ridge,
conformably above the wide outerop of Middle St. Cassian on the
¢ Wiese.” The fossils found in the last-named strata are at once
recognizable as essentially a ¢Stuores’ fauna, but in the Upper
St. Cassian, although many species of corals, gasteropods, etec., are
characteristic of the ¢ Stuores” horizon, a certain number of species
are common to both St. Cassian and Raibl faunas (e.g. Griinwaldia
(Cassianella) decussata, Myophoriopis lineata, Avicula Gea, Ptycho-
stoma pleurotomoides, Cidaris dorsata), while several species, such
as the very commonly occurring Avicula, n. sp., and Placunopsis,
1. 8p., have not yet been found in any other locality.

The paleontological relations of these two horizons of St. Cassian
strata are more fully discussed in Part VII. of this paper (p. 45).

.As has already been said, the ¢ Heiligkreuz strata’ of the previous
section contain a limited fauna which seems to diverge from that
of the Middle St. Cassian strata of Stuores. The fossils of the
¢ Heiligkreuz strata’ do not definitely prove a higher horizon ; they
might be simply a local facies. It is therefore very important to
find that two of the characteristic species found in the ¢ Heiligkreuz
strata,” Peychostoma pleurotomoides and Nuaticopsis neritacea, are
common in these Upper St. Cassian strata of the Cortina district.
This fact suggests that the ¢ Heiligkreuz strata’ are the equivalent
in part of the Upper 8t. Cassian horizon.

I have dwelt at some length on the St. Cassian strata of Cortina,
chiefly because they have for the most part been included with
the Wengen strata by Mojsisovies, with the Schlern-plateau strate

(Raibl fauna) by Loretz, and also because the fauna up to this time
was comparatively little known,
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As the Cortina map shows (Map B, facing p. 28), St. Cassian
Beds are faulted against all the higher strata—Dachstein Dolomite,
Raibl Beds, and Schlern Dolomite, and the identification of the
fauna, is all-important for the tectonic relations of the valley.

Section 9. St. Cassian and Wengen Beds in the Diirrenstein
Massif (Map C).

Although the fossils collected in the Seeland Valley, north of
Schluderbach, have been familiar to pal®ontologists since Loretz’s
first examination of them in 1874, the exact age of the strata in
which they occur remains still doubtful. Loretz referred the beds,
like those on Cortina and Falzarego meadows, to the horizon of the
Raibl strata known generally as Schlern-plateau strata, while in
Mojsisovics’ ¢ Dolomit-Riffe’ they are regarded as Wengen Beds,
with the exception of a very small portion at the head of the Seeland
Valley, which are recognized as St. Cassian Beds.

The strata of the Seeland Valley are composed of fossiliferous marls
and shales, unfossiliferous beds of hard light-grey limestone with
celestine or calcite-veins, and thinly-bedded unfossiliferous shaly
limestones. In the higher horizons some thick limestones occur,

Fig. 9.—Section through Knollkopf and the Diirrenstein,
W.B.W. EN.E.
Knappenfuss Pliitz Diirrenstein
E‘ial. Knollkopf. Wiese, (Hellthaler Bchlechten).

f __g_____ ————

[Beale: =1-267 inch to the mile.]

1
50000
"[The Schlern Dolomite of the Diirrenstein should have been shown dipping
to the W.8.W., and passing conformably under the Raibl Beds.]

DK = Dachstein Dolomite,

R Raibl Beds (marls, limestone, rauchwacke).
SD = Schlern Dolomite.

UC = Upper St. Cassian Limestones,

C = St. Cassian Strata (marls of the Stuores zone in fig. 8; fossili-
ferous marls and limestones, unfossiliferous marls and shales
in fig. 9).

W = Wengen shales and limestones.

1 ¢ Einige Petrefacten d. alpinen Trias a. d. Stidalpen.” Zeitachr. d. Deutsch.,
geol. Gesellsch. vol, zxvii. (1875) p. 784 ; see also sbid. vol. xxvi. (1874) p. 377.
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full of corals and sponges, and larger blocks from these, weathering
to a bright yellow colour, are strewn across the valley. The fossils
in the marly beds weather out loose, and are found, as at Stuores, in
a perfectly preserved state. If the ground here be carefully studied
and the fossils collected in the individual beds, the extent and
distribution of the various horizons may be clearly marked, and it
is found that the confusion complained of in the Seeland Valley is
largely owing to two small cross-faults which have brought the
fossiliferous strata in immediate contact with less fossiliferous beds.
I have attempted to represent these relations in Section 9 by
drawing parallel sections in perspective through different heights of
the Seeland Valley, from the Ampezzo road (at a height of about
4600 feet) to the prominent rock on which the new fort is buils
(height about 6600 feet).

The interest of the Seeland Valley centres in the fauna, and _
referring to the List of Fossils (pp. 48 ef seqq.), it becomes at once
clear that, as in the case of Cortina, the greater number of species
agree with the true Stuores fauna, but a certain number are new.
To accept the Seeland Valley strata as a facies of Raibl Beds would
be difficult on stratigraphical grounds, for they unquestionably dip
under the Schlern Dolomite of the Diirrenstein. As St. Cassian
fossils oceur in greater or lesser number throughout the whole series
of strata exposed in the valley, I have mapped these as St. Cassian,
distinguiching the higher horizons, containing many new species, as
Upper St. Cassian Beds. In recent palamontological work this view
is already gaining ground. For example, Bittner' says, with re-
ference to the brachiopods which he describes from Falzarego,
Misurina, and the Seeland Valley :—¢The strata of these three
localities belong apparently to the same horizon, which, if not
identical with that of St. Cassian, stands, as regards fauna and
stratigraphical position, at any rete very near [to it].”

Kittl® says :—¢ Judging from the position of the 8t. Cassian strata
on the Seeland Alpe, these seem to answer to the upper part of the ;
Aon-zone of the Stuores-Wiese St, Cassian Beds, with which they
agree in lithological characters.”

In the second part of the same paper, Kittl, influenced by the
occurrence of the same species in all three localities (Stuores
Wiese, Heiligkreuz, and the Seeland Valley), says in a short note
that probably, after all, the Heiligkreunz strata may not be far
removed from the Trachyceras Aon-zome. The specimens in
question were of Ptychostoma pleurotomoides: this species, and
also the characteristic Naticopsis neritacea, I found on the Cortina
meadows. Without doubt, the further examination of the fauna
in all four localities will supply corroborative evidence of their close
relationship.

! *Brachiopoden der Alpinen Trias, Verhandl. d. k. k. geol. Reichsanstalt,
vol. xiv. (1890) p. 112.

2 *Die Gastropoden der Schichten von St. Cassian der siidalpinen Trias,
Annal. d. k. k, Naturhist. Hofuiuseuns, vol. vi. pp. 166-262, Vienna, 1891.

Q.J. G. 8. No. 193. D



Fig. 10.—8ection from Badmeister Kofl to the Diirrenstein.

N. Badmeister Kameriod Heimwald Kirchen- Dtirren-
Kol. - Wiesen. Kofl. Bchafriedl. schroffen, stein, 8.
1 |

i
|
i
|
I
|
1
i
|
1
i
1

<ERXN \
\\\*\\\\:‘:\%‘3 . '\‘ K

1300 mel. conlonr

Fig. 11.—S8ection from Sues Kofl to the Diirrenstein.
Bues Puez  Lung Mesner Barl Flodiger Diirren-

N. Kofl. Alpe. Kofl, Kofl, Kifele, Wiesen. stein. 8.
) h . | \ . .
1 1 1 } |
] ] ] 1 2
i I
! ! | | \RI\/.
/ ' N - AN
i N AT S
- N S
0 Mﬂ ‘j\\\§ ~l::t:L\ ) \\\E\CE\\\\\QEA
SN MRS
2 ’ ===
\:~\\\
SR
1200 Meé. contour \\
SD = Schlern Dolomite. B = Buchenstein Beds and LMk = Lower Muschelkalk,
0 = St. Cassian strata. Upper Muschelkalk. Wf = Werfen Beds.
W = Wengen Beds. MD = Mendola Dolomite.




ga
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On the Misurina Alpe, the fossiliferous strata are identical with
those of the Seeland Valley, and they dip eastward beneath a low
range of hills towards Rimbianco. In the stream at the bend of
the Rimbianco Valley towards Monte Pian I found some particu-
larly fine corals and sponges, small cidarid spines, and bivalves
in dark earthy marls. Above these St. Cassian strata one finds
dolomite in position on the low hills forming the Misurina and
Rimbianco watershed ; it occurs on the eastern slopes as blocks,
sometimes massed together like huge ruins of a continuous wall,

The further occurrence of fossiliferous horizons below the Schlern
Dolomite of the Diirrenstein massif is on the steep slopes between
Stolla and Briickele and on Flodiger Wiese. Just above Stolla,
at the 2000-metre contour, a thick bed of Cipit Limestone forms
a prominent rock on the wooded slopes. It belongs to the highest
horizon of the St. Cassian Beds. Lithologically, the beds have the
same character as in ‘the Seeland Valley, but except at one or two
favourable points, such as the Stolla and the Briickele Alpen,
the fossils do not weather out in the same abundance. This arises
partly from the steepness of the incline on which they are exposed,
and from the constantly increasing screes of débris from the over-
lying rocks ; largely also because a scrubby vegetation of larch and
dwarf-pine prevents the free exposure of the fossiliferous marls.
Within the last two years new landslips have oceurred just south
of Stolla, and the St. Cassian Beds are now laid open below the
Diirrenstein over a considerable area—so that in course of time
fossils of that age may be readily collected there.

This case I emphasize, because it is analogous to several others,
where the St. Cassian Beds underlie the Schlern Dolomite in their
normal thickness, but are apparently poor in fossils, and where no
favourable outcrop on a broad ‘¢Alp’ or * Wiese’ is afforded to
them in the immediate vicinity.

The Wengen Beds are not exposed on the Misurina hills or in
the Seeland Valley; but towards Prags the Wengen Series follows
conformably below the St. Cassian. The distribution of the beds is
shown in Map C, facing p. 32, and in figs. 10, 11, & 12 (pp. 34
& 35).

Th)ey are not of an ashy character, as in the exposures farther
west, but are interbedded shales and limestones, containing few
fossils except in certain brown, banded shales full of Posidonomya
wengensis and more rarely containing specimens of characteristic
ammonites and Halobi« Lommeli.' The thin and unevenly-bedded
limestone, often with a micaceous glance on the bedded surface,
the thick blue limestone with strongly marked calcite-veins, and the
comparative poverty of fossils, are the chief features of the Wengen
Beds in this locality. On the other hand, the Buchenstein Series
below them is more fossiliferous than in the western districts; as
already mentioned, it also includes but little ashy rock.

! See Loretz, Zeitschr. d. Deutsch. geol. Gesellsch. vol. xxvi. (1874) p. 378,
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Seisser Alpe.

The particular interest attached to the exposure of Wengen and
St. Cassian Beds on the Seisser Alpe lies in their stratigraphical
relations with the Schlern Dolomite of Schlern. These have been
discussed at length in the works of Richthofen, Giimbel, Mojsisovics,
and others.!

On entering the Seisser Alpe from the Pufels ravine, the augite-
porphyry aud tuffs of Lower Wengen age are succeeded by a series
of ashy rocks, strike N.70°E., dip slightly southward, as follows :—

Cipit Limestone series, almost entirely eroded from the
Middle St. Cassian Alpe.
Beds (in part). Fossiliferous marls, interbedded with unfossiliferous
earthy tuffs, and ashy shales and grits. i
Lower St. Cassian. {FoIs{;s_iliferm_xs limestone=first Cipit Limestone-bed of
ichthofen.

Grey shales with Halobia Lommeli, fine breceia of tuff
snd limestone-fragments. Black earthy tuffs and
shales.

Plant-bearing sandstones, grey limestone, with rough

Wengen Beds. <{ weathered surface on which badly-preserved fossils
are observed.

Tuffs and augite-porphyry=the ‘Regenerirte Tuffe’
geries of Richthofen; Packycardia rugosa occurs in
the tuffs.

The Cipit blocks scattered on the higher parts of the Seisser
Alpe are yellowish-brown limestone full of lithodendroid corals
and Encrinus cassianus. These are found in position near the
source of the Cipit Bach, hence the name originally given by
Richthofen.

The strata on the Seisser Alpe form a syncline, and the same
beds bend upward and are found on the Giinserbuchl and
the Mahlknecht slopes below Rosszihne, The rocks west of
Mahlknecht are interbedded breccias and tuffs dipping slightly
north. Wedged in the breccias are irregular masses of the Cipit
Limestone, and upon the whole system the Schlern Dolomite of
Rossziihne rests with a slight unconformity,?

The term ‘regenerirte Tuffe’ was applied by Richthofen (op.
cit. p. 91) to the development of tuffs and conglomerates in the
Upper Fromm Bach on the Seisser Alpe, previously observed by
Emmrich, and containing Pachycardia rugosa in great abundance.
Richthofen took these beds for a local development of Raibl strata
resting upon the sedimentary tuffs of the Seisser Alpe, but Stur?
observed the continuation of the ¢regenerirte Tuffe’ over a wider

1 Richthofen, ‘ Geogn. Beschr. d. Umg. v. Predazzo,’ p. 40, ° Seisser Alpe-
section ’; Giimbel, ‘ Das Mendel u. Schlern Gebirge,’ Sitzungsb. d. k. k. Akad.
d. Wissensch. Wien, 1873 (Pufler Schlucht-section); Mojsisovics, ¢ Dolomit-
Riffe, p. 154 ; Fraas, ‘ Scenerie der Alpen,’ Leipzig, 1892, pp. 137, 166, etc.

2 T owe this observation at Mahlknecht and Rosszihne in the first instance
to the kindness of Dr. Rothpletz; -in 1892, on a later visit to Schlern, I
myself saw the relations of the Cipit Limestone and the tuffs at Mahlknecht.

3 Jahrb. d. k. k. geol. Reichsanstalt, 1868, p. 541.
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area of the Seisser Alpe and underlying the marls containing
St. Cassian fossils,

Mojsisovics quotes ¢ Pachycardia-tuffs’ in Wengen strata from
other distriets, referring them to a horizon immediately above the
plant-bearing sandstones (‘ Dolomit-Riffe,” pp. 55 and 56).

Emmrich, in 1840, found certain fossils in the higher marls, and
on a later visit he obtained a great number and recognized them as
a thoroughly representative ¢ Stuores Wiese ’ (. e. St. Cassian) fauna,
The fossils however occur, comparatively speaking, seldom ; some of
the characteristic species in Emmrich’s collection are : Cidaris bacu-
lifera, C. Rameri, C. Buchii, C. trigona, C. dorsata, C. decorata,
C. flevuosa ; Encrinus varians, E. cassianus, etc. ; many Tercbratule,
Koninekina Leonhardt: ; Cardita crenata, Nucula lineata, and many

" gasteropods. Emmrich says, referring to the Stuores fauna :—* The
agreement was complete ; even their general appearance and their
mode of occurrence were the same.” )

In other words, as a general conclusion from the above sections,
the St. Cassian strata of the Seisser Alpe correspond only with a
part of the St. Cassian strata of Stuores; the richly fossiliferous
zones on the ridge of Prelongei and below Sett Sass are not present
on the Seisser Alpe,

Another feature which is at least worthy of mention here is
the occurrence of the fossiliferous marls and Cipit Limestones on
the Seisser Alpe, interbedded with ashy rocks; this is exactly
how those fossiliferous horizons are found which I was enabled
to distinguish in the Prelongei and Stuores district as Lower
St. Cassian, and the ashy, less fossiliferous portion of Middle or
¢ Stuores’ St. Cassian. .

Richthofen called the strata of the Seisser Alpe ¢ sedimentary
tuffs with interbedded St. Cassian Limestones and Cipit Limestones.”
This is analogous to the Northern Tyrol contemporaneous series—
namely, the ¢ Partnach marls and shales with interstratified beds
of 5t. Cassian Limestone.” '

‘Mojsisovics maps all the strata on the Seisser Alpe as Wengen
Beds. While it is impossible to draw any but an arbitrary limit
between the complex of Wengen and St. Cassian Beds in Southern
Tyrol, I believe a clearer conception of the Upper Triassic succession
will be gained by grouping these fossiliferous marls and lime-
stones as a St. Cassian Series in which (at least throughout the wide
district from Schlern to the Diirrenstein) St. Cassian fossils form the
bulk of the fauna, while retaining the name of Wengen Beds for
the thick ashy series underlying them, with a remarkably limited
fauna and interrupted by dykes and flows of augite-porphyry. The
occurrence of Posidonomya wengensis (Which is quoted even from
the Raibl Beds in the Esino district) in the St. Cassian Series, or,
conversely, the occurrence of Cidaris dorsata and a few other
forms of higher range in beds of Wengen age, need not preclude
a convenient subdivision of the whole complex into the two main

1 See Giimbel (op. cit. 1873) : the * St, Cassian strata ’ include a great part of
the ‘sedimentary tuffs ’ of Richthofen.
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sub-groups recognized throughout the sections that I have just
described.

VI. TuE STRATIGRAPHY OF THE BEDS ABOVE THE
St. CassiaN SERIES.

6. The Schlern Dolomite.)—The Schlern Dolomite is a drusy, crys-
talline, greyish-white rock, less splintery than the Mendola Dolomite,
and breaking up into débris of fairly large stones and blocks.

Within the districts of Ampezzo and Enneberg which I have
examined, the conformable succession of the Schlern Dolomite upon
the St. Cassian Beds has been observed at Zwischenkofl and Garde-
nazza, Sella, Sett Sass, Lagazuoi, Tra i Sassi, Diirrenstein, and the
massif east of Misurina. The thickness is normally from 1000 to
1400 feet : but it varies, e. g. at the Diirrenstein it is 2000 feet.

In all these mountains, the Schlern Dolomite rests upon the
St. Cassian Beds and is succeeded by Raibl strata. In districts south
of those which I have personally examined, such as Scblern (south
side), Rosengarten, etc., the Schlern Dolomite rests upon the Mendola
Dolomite and has there a thickness of 3000 feet.

Other localities occur where the Schlern Dolomite is apparently
wanting, or where it has a very slight thickness. One or two
cases of the disappearance of the Schlern Dolomite come within
the scope of this paper, and I shall refer to them in considering
the tectonic details (Part VIIL.).

Fossils are very rarely found in the Schlern Dolomite ; but the
occurrence of Gyroporella annulata, Schath., is important, as it is a
species frequently obtained in the Wetterstein Kalk of Northern
Tyrol. Corals occur occasionally, but are not well preserved.
Among other casts of gasteropods, a large species of Chemnitzia has
been found.

7. The Raibl Strate.—The Raibl strata form a characteristic
series, largely dolomitic, above the Schlern Dolomite, and below
the Dachstein Dolomite. As their development is especially subject
to local variation, a rapid review of a few sections noted within
the districts examined is desirable. On the western slope of Sett Sass
the Raibl strata are exposed below the Dachstein Dolomite in the
following succession (in descending order) :—

I. Sett Sass (western slope).
Dachstein Dolomite.
(Pale greenish or white dolomitic flags.
Variegated dolomitic marls, red, bluish purple, and greenish.
Fossils rare ; ooly one found :—Myophoria, sp.
Fine conglomerate; fragments of brightly-coloured marls and of
{ dolomite cemented by a whitish dolomitic sand. This rock is
very striking, and occurs frequently at the same horizon.
Variegated dolomitic marls as above, containing iron ore. Inter-
stratified beds of dolomitic flags and dolomitic limestone,
| Brown sandstones containing Myophoric Kefersteini, Klipst.

! See Introduction (p. 3), where the different names hitherto applied by
geologists to this dolowatic rock are enumerated and explained,

Raibl
Beds.
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The whole series is not more than 200 feet thick and rests upon
the Schlern Dolomite. The same series is again favourably exposed
in the neighbourhood of Valparola Alphiitten, north of Sett Sass.
There I found more fossils, among them a small Megalodon (species
not easily identified), Corbis Melling:, and several specimens of
-Myophorva Kefersteini.!

Some beds, apparently at the base of the Raibl strata, were ex-
posed in the course of the Eisenofen Bach some little distance above
the Liuts—hard, yellow-weathering limestone, with spines of various
species of Cidaris and fragments of Pentacrinus tirolensis, Laube;
also a light-coloured ‘dolomite and dolomitic limestone full of a
lithodendroid coral.

II. Heiligkreuz. (Compare fig. 4, p. 26.)

The Raibl strata exposed below the Dachstein Dolomite of Kreuz
Kofl consist essentially of three series. The uppermost horizons are
thicker here than at Sett Sass. The succession is, in descending
order:—

Variegated marls, interstratified with dolomitic shales and limestones.
Thick banks of limestone and dolomitic limestone, interstratified with
dolomitic marls. Occasional beds of a reddish breccia and of a hard
) siliceous limestone, with a few cidarid spines and encrinite-remains.
- Sandstones and breccias with plant-remnains and lignite, Ostrea-limestone
and Lumachellen-limestone, very fossiliferous: Fimbria (Corbis) Mellingi,
Hauer, sp.; Ostrea montis-caprilis, Klipst., ete.

(See Part VIII. of this paper, p. 64.)

ITI. Falzarego,? Cortina. (Compare figs. 6, 7, 8, pp. 29, 30.)

The Raibl strata throughout this part of Ampezzo have much
the same development as at Heiligkreuz. The higher beds form a
series of terraces on Col dei Bos by the alternation of the variegated
dolomitic marls with hard beds of dolomite corresponding to the two
lower beds in the Heiligkreuz section (thickness about 360 feet).
The fossiliferous lower horizon, with a thickness of 50-70 feet,
rests conformably on Schlern Dolomite, here apparently not more
than 300 feet thick. Below the escarpment of Schlern Dolomite,
in the neighhourhood of the Roces Alphiitten, is a wooded hill
entirely made up of dolomite-blocks.

On the opposite side of the Costeana stream, the Raibl strata
are again exposed. The beds of the lower fossiliferous horizon
are seen striking towards Ospizio and dipping at a high angle.
In these strata I collected a number of typical Raibl species,
viz. :—Trigonodus rablensis, Gredl., sp.; Ostrea montis-caprilis,
Klipst. ; Fimbria (Corbis) Mellingi, Hauer; Megalodon, cf. com-
planatus, Wohrm. ; Megalodon, sp. indet. ; Placunopsis, sp. indet,. ;
Cidaris Braunii, Desor.

1 See Loretz, Zeitschr. d. Deutach. geol. Gesellsch. vol. xxvi, (1874) p. 378.
2 Ibid. p. 448, ete. ; and Mojsisovics, ¢ Dolomit-Riffe,” p. 260.



Vol. 49.] ST, CASSIAN STRATA IN SOUTHERN TYROL. 41

Conformably succeeding these beds on the Nuvolau slope are
thickly-bedded dolomite, then marls with interstratified dolomitic
flags, and the same breccia as that which occurs on Sett Sass.

On the Pomedes and Majorera slopes the Raibl Beds are un-
usually well exposed. In the higher horizon ot thinly-bedded smooth.
dolomite and marls some beds are filled with casts of Megyalodon, sp.
(Loretz had previously found these); in the middle horizon gypsum
occurs, interbedded with dolomite-layers; and the thicker banks
of dolomite are remarkable for the very intimate combination
they show of marls, dolomitic sand, and breccia.! The fine inter-
layering of these different materials forms a dolomite-rock differing
essentially from the drusy, crystalline Schlern Dolomite. :

The fossiliferous beds are reddish breccias with small fragments
of silica, brownish sandstones with stems of plants, hard white
sandstone, dark limestones with Myophoria Kefersteini and Megal-
odon sp., and greyish limestone with cidarid spines. These beds
rest on a dolomite-rock 50—60 feet: thick, and at other parts of the
slope they succeed a bed of Cipit Limestone and St. Cassian
marls. The difficulties presented by the succession here are much
increased by an extensive slip, between Majorera and Romerlo,
of the Raibl Beds and of the dolomite-layer beneath upon the
St. Cassian marls, as also by the growth of trees and underwood
upon the lower slopes.

IV. Plitz Wiese, Diirrenstein. (Compare fig. 14, p. 42.)

This broad meadow-land at the height of 6000 feet has for its
soil the Raibl marls. A section drawn west and east from the
Wiillsche Boden and Knoll Kopf to the Diirrenstein gives, in con-
formable succession :—

Dachstein Dolomite.

retaining enclosures of gypsum.
Bituminous limestone and shales with layers of gypsum.
Raibl strata, 4' Dolomitie limestone and breccia.
160-200 feet thick. | Variegated dolomitie mmarls, intercalated with thin beds of
dolomite and dolomitic flags. Gypsum layers occur
l frequently.
\ Thicker beds of dolomite, of shaly uneven surface.

[ Rauchwacke, brownish-grey, very porous, sometimes still

{ Thickly-bedded dolomite, showing on close examination
fine layers of red or greenish marl, between layers of
dolomitic sandy breceia.

Dolomite with smooth compact structure; a bed of
lithodendroid coral-limestone occurs in this dolomite

| just below the fort.

Dolomitic strata, i
probably of Raibl
' age.

Drusy, crystalline Schlern Dolomite.

1 Gimbel, ‘Das Mendel- u. Schlern-Gebirge,’ Sitzungsb. d. k. k. Akad. d.
Wissensch. Wien, 1873, p. 14. Giimbel observed occasionally also in Schlern
Dolomite, ¢ diinne, oft nur haut-ghnliche Zwischenlagen von Mergel.
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There are no fossiliferous sandstones and limestones as in the
Cortina and Heiligkreuz district, but the entire series is highly
dolomitic, and the transition to the Schlern Dolomite very gradual.
This explains in part the greater thickness of the dolomitic rock of
the Diirrenstein.

V. Schlern Plateau: Raibl Beds.

These have been long familiar in the literature of Southern Tyrol,
and have been again re-
cently made the subject of
special research.! 1 quote
briefly the result of these
paleontological studies for
comparison with my sections
elsewhere. The fossiliferous
beds exposed in the Schlern
Klamm pass on the plateau
into a facies of coral-bearing
dolomite, and farther on
into red and bluish-purple
ferruginous marls. These
rest upon a stratified dolo-
mite, in which a bed of
augite-porpbyry and tuff is
locally present, and are suc-
ceeded by stratified dolo-
mite, in which corals and
cidarid spines, and, at
higher horizons, small spe-
cies of Megalodon often
occur.

A full comparison of the
fauna has been made by
Wohrmann, and the con-
clusion drawn that the
fossiliferous Schlern-plateau
strata correspond with the
Myophoria Kefersteint -
horizon at Raibl and the
upper part of the Cardita-
strata in Northern Tyrol.

A number of species are
entirely peculiar to the one
locality of the Schlern plateau ;. others occur in St. Cassian or
Raibl Beds, or are common to both. But, as more St. Cassian
species are present in the Schlern-plateau Beds than in the
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1 Wohrmann u. Koken, ‘ Die Fauna der Raibler Schichten vom Schlern
plateau,’ Zeitschr, d. Deutsch, geol. Gesellsch. vol. zliv. (1892) p. 167.
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fossiliferous Raibl horizon which I have mentioned in the above
sections, one must conclude that the Schlern-plateau Beds are still
older. The Raibl Beds of Southern Tyrol fall into the following
sub-groups :—

Variegated marls and Megalodon-bearing dolomitic flags.
Ostrea-limestone
Raibl Beds.j Myopkoria-limestone passing into a dolomitic
Scﬁlem—plateau strata, and dolomitic facies.
| encrinite- or coral-limestone

8. The Dachstein Dolomite—The Dachstein Dolomite is the
highest subdivision of the Triassic system in Southern Tyrol. It is
a continuous development of dolomite and dolomitic limestone several
thousand feet thick ; and since it lies conformably above the Raibl
Beds and below the Liassic strata it is the representative, in the
Southern Tyrol Dolomites, of the ¢ Hauptdolomit’ Kiesen Beds, and
the Dachstein Limestone of Northern Tyrol.

The rock is a crystalline dolomite, generally greyish-white in
colour, but sometimes reddish. It is always well stratified, and
may be either of compact or drusy structure. Fossils occur commonly
enough, although in small variety. The typical fossil Megalodon
triqueter, Wulf., is common also in the Dachstein Kalk of Northern
Tyrol. Specimens of a very large Megalodon occur sometimes in
great number in the Dachstein Dolomite of Tofana.

VII. ParzonTornoeIcAL CoNCLUSIONS.

The first nine columns of the List of Fossils (pp. 48 et seqq.),
containing 345 species, include the various localities in Enneberg
and Ampezzo where I worked. The tenth column, referring to
Partnach Beds, etc., is introduced only to show the particular species
in this list which are already known to occur elsewhere in other
strata. The fauna of the Partnach Beds in Northern Tyrol is com-
paratively meagre, about half the known species being identical with
St. Cassian and Wengen species in Southern Tyrol. On the other
hand, only about 6 per cent. of the fossils given in the Wengen and
St. Cassian horizons in the list have been found in Partnach strata.
Comparing then the tenth column with the others, we find that
165 per cent. of the St, Cassian species occur also in Raibl Beds
(including all the districts referred to). The faunal relations of
the two series of Upper Triassic strata are readily seen from the
following percentages :—Of St. Cassian sponges 13 per cent. are
present in Raibl strata, of corals 59 per cent., of echinoderms
33'8 per cent., of brachiopods 3 per cent., of lamellibranchs 40-3
per cent., of gasteropods 8-2 per cent., of nautiloid and ammonite
forms 19-2 per cent.

The writer collected also a number of fossils in the Raibl strata
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exposed within the district of Enneberg and Ampezzo. These
are:—

Ostrea montis-caprilis, Klipst. Megalodon, cf. complanatus,

Gervillia Bouéi, Hauer. Wohrm.

Hoernesia Johannis-Austrie, Klipst. Placunopsis, sp. indet.

Myophoria fissidentata, Wohrm. Halobia rugosa, Gambel.
Kefersteini, Klipst, Thecospira Gimbeli, Pichler, sp.

Trigonodus rablensis, Gredler, sp. Cidaris Braunii, Desor.

Fimbria (Corbis) Mellingi, Hauer, sp. | Pentacrinus tirolensis, Laube.

Megalodon, sp. indet.

On the western slopes of the Diirrenstein, a bed of lithodendroid
coral-limestone occurs, and may be followed for some distance
between the thinly-bedded dolomitic flags belonging to the Raibl
series.

In considering the list of Wengen and St. Cassian fossils, the
extreme faunal poverty of the ashy Wengen strata calls for
remark, Species of Halobia and Posidonomya frequently oceur,
but in addition to these I found only a few ammonites, the
majority, unfortunately, too badly preserved for identification.

There are, among the 345 species of St. Cassian fossils tound, 23
sponges, 51 corals, 30 echinoderms, 32 brachiopods, 62 lamelli-
branchs, 121 gasteropods, 26,nautiloid and ammonite forms, together
with a number of polyzoa. The great preponderance of gasteropods,
of which only about 10 per cent. continue into the Raibl period,
is very striking, and they indeed give a quite peculiar stamp to
the St. Cassian fauna. The brachiopods are mostly peculiar to
Middle and Upper St. Cassian strata; the number present in Lower
St. Cassian or in Raibl Beds being extremely limited.

The following table shows the percentages of 8t. Cassian species
which occur at all the horizons in the list on pp. 48 et seqq.

Percentage Tuble.

N. TyroL. ENNBEBERG AND AMPEZZO. N. & S. Avps.

Partnach [Wengen SL. Cassian. Raibl.

Strata. | Strata. | 1 wer | Middle. Upper. {Lower. (Upper.
Corals ....cccoreeenns 0 0 8 745 666 | 6 0
Echinoderms ...... 266 66 266 | 866 | 636 | 30 | 166
Bracbiopods ......... 21-8 0 31 781 34-83 3 0
Lamellibranchs...... 64 5 64 | 645 | 548 | 387 | 177
Gasteropods ......... 0 0 0 776 | 454 | T4 08
Naut. and Amm.sp.;, 77 ? 115 | 807 | 1563 1192 | O

A few typical Wengen fossils still continue in the Lower St. Cas-
sian zone, which I identify with the first bed of Cipit Limestone
on the Seisser Alpe. In this zone the first significant beginning. of
the St. Cassian fauna occurs; the fauna reaches its maximum
development in Middle St. Cassian time ; still continues strongly
marked in Upper St. Cassian time; dwindles gradually, or sporadic-
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ally reappears in a limited variety, during the Lower Raibl period,
and is almost entirely absent from the highest or ¢ Torer’ zone of
Raibl strata.

Lower St. Cassian Zone.—Instead of the continuous stratified
Cipit Limestone present at this horizon in the St. Cassian and
Prelongei district, there is, at several places farther west, a charac-
teristic blocky structure. Large blocks and masses of coralline
Cipit Limestone are embedded in ashy strata; for instance, near
the higher sources of the Cipit stream, at Mahlknecht, below Platt-
kofl on the Christiner Ochsenwald, on Sella Pass, at Val la Sties, at
Cima Pasni, south of the Pordoi Pass, and again in the lower part
of the Cortina meadows. Cidarid spines belonging to one or two
species, and lithodendroid corals, are the only fossils which I found
in these blocks or lenticular beds of Cipit Limestone.

Middle St. Cassian Zone.—In all cases, the marls and limestones
immediately succeeding the ¢Cipit’ horizon contain St. Cassian
fossils of the ¢Stuores Wiese’ type. The Middle St. Cassian
Beds are not more than 150200 feet thick in the Mahlknecht and
Plattkofl district, and the ¢blocky structure’ recurs at several
horizons, The dolomite-rock of Schlern Mountain and Rosszihne
succeeds immediately above this comparatively slight thickness of
St. Cassian Beds on the north-eastern side. Farther east, the St. Cas-
sian Beds become thicker, until on the eastern side of the Sella
massif the higher and very fossiliferous beds of Middle St. Cassian
age reach their first complete development on the Prelongei ridge,
and above the Richthofen Riff, continuing farther in the Enneberg
Valley (Abtey slopes), on the Valparola Pass, and in the Falrarego
Valley (west of Verviers, and at Romerlo, etc.).

T was inclined at one time to regard the fossiliferous beds exposed
on Forcella, between the Richthofen Riff and Sett Sass, as of Upper
St. Cassian age, but the material which I have now collected here
and at Stuores does not justify a paleontological separation of the
two horizons. The fauna on Forcella, excepting one new species
of Omphalophyllia, has been entirely identified with the St. Cassian
fauna described by Miinster and Laube. At the same time, the
absence of some of the fossils more characteristic of lower horizons
on Stuores (e. g. Koninckina Leonkhardti, Wissm.), and the presence
in greater number of fossils characteristic of higher horizons (e.g.
Avicula Gea, d’Orb., Macrodon strigilatumn, Mnst., sp., Anoplophora
Miinstert, Wissm.), mark the Forcella beds as a clearly higher
horizon of the Middle St. Cassian fauna.

The difficulty of attaining a positive result arises from the fact
that the fossils from Prelongei, Stuores, Sett Sass, Abtey, and
Heiligkreuz could not be kept apart in the literature, for the fossil-
collectors of the district mixed them all together. To take an
example from the appended list of fossils : among 18 corals occurring
on Forcella di Sett Sass 6 are identifiable only with Middle St.
Cassian (Stuores) corals, 5 only with Upper St. Cassian corals, 1
with both Middle and Upper St. Cassian, and 6 were found only
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on the Forcella. But as 5 out of these last-named 6 specimens
are species described in the ¢8t. Cessian fauna’ of Miinster
and Laube, they may or may not occur at Stuores, Prelongei, or
Abtey. Two thirds of the gasteropods and brachiopods actually
found on Forcella di Sett Sass are forms which I also found on
Stuores ; this and other results are in favour of including the Sett
Sags-Forcella Beds with the Stuores or Middle St. Cassian zone.

Upper St. Cassian Zone.—In the Falzarego and Seeland Valleys,
(also in the district of Misurina and Rimbianco), strata which belong
to the Middle St. Cassian or Stuores zone are succeeded by beds
which I have distinguished as Upper St. Cassian on account of the
occurrence of many new species. The percentages of species common
to both Middle and Upper St. Cassian strata in the appended list
are—sponges 217 per cent., corals 27-4 per cent., echinoderms 533
per cent., brachiopods 156 per cent., lamellibranchs 16-1 per cent.,
gasteropods 17-3 per cent., nautiloid and ammonite forms 115 per
cent. At least 2 mew species of corals are present from Cortina,
and 7 new species from the Seeland Valley (one agrees with a new
species of Thecosmilia from the Seeland Alpe previously described
by Loretz). Of 10 brachiopods 6 species are common to both
Middle and Upper St. Cassian horizons, while 4 species are confined
to the Upper St. Cassian strata; among 20 species of lamellibranchs
from Cortina, 10 are Middle St. Cassian forms and 10 are new
species (1 of these is a Raibl form, and 3 have affinity with Raibl
species). On the Seeland Alpe only 4 lamellibranchs were found ;
3 are identified with St. Cassian forms and 1 is a new species.
Of the gasteropods from the Cortina locality 10 are Middle St.
Cassian forms, and 8 are either new species or of doubtful identity,
while among 39 gasteropods from the Seeland Alpe 25 are Middle
St. Cassian forms and 14 are indeterminate or new species.

The ¢Heiligkreuz strata’ (as explained on pp. 24-27) contain
few fossils, but as they are all of frequent occurrence in the Upper
St. Cassian of the Cortina district, it wounld seem best to refer
the ¢ Heiligkreuz strata’ Lo that zone.

Again, in comparing the Cortina and Seeland strata with one
another, it is found that several commonly-occurring species are
peculiar to them ; but each locality bears the impress of a local faunal
facies, further supported by the nature of the rock at both localities.
The thick-shelled and other new species of lamellibranchs at Cortina
are not found on the Seeland Alpe, whereas the great number of
sponges and polyzoa at the last-named locality are poorly repre-
sented at the other. The gasteropods, brachiopods, and corals show,
however, a closer relationship between the fauna of the two localities.

Summarizing the above palzontological facts, we conclude—

(1) That the St. Cassian strata are present throughout a wide
extent of country, from the Seisser Alpe in the west to Misurina
and the Seeland Alpe in the east.

(2) That in the west only the lower and less fossiliferous horizons
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_of 8t. Cassian strata are present; the typical Stuores or Middle
Bt. Cassian zone is first completely developed in Enneberg, while
above it there succeeds, at Cortina, Misurina, and the Seeland Alpe,
a fossiliferous Upper St. Cassian zone.

In the wide district north of Falzarego and Ampezzo Valleys, where
St. Cassian strata are not exposed, their non-ocourrence is due to
tectonic relations.

The fossiliferous horizons of Raibl strata exposed in Enneberg
and Ampezzo represent the Myophoria-beds and the slightly higher
Ostrea montis-caprilis horizon of the typical species of Raibl strata
near Raibl. The unfossiliferous variegated marls, the thin-bedded
dolomitic flags, the beds of gypsum and dolomite, and the rauch-
wackes which succeed the fossiliferous Raibl Beds in Enneberg and
Ampezzo, represent at least in part the ¢ Torer” or highest horizon
of the ¢ Raibl’ succession.

On several of the dolomite-massifs (Gardenazza, Sella, etc.) the
rock immediately underlying the Myophoria-horizon is dolomitie,
but is not the characteristic drusy Schlern Dolomite. This variable
thickness of dolomitic shaly flagstone or sandy rock is of Lower Raibl
age. At Schlern the unique development of fossiliferous ¢ Schlern
Plateau’ Beds has been proved by the recent work of Wohrmann
and Koken (see footnote, p. 42) to be of Lower Raibl age, I
found no exactly corresponding fauna in the districts of Enneberg
and Ampezzo.

Thus, in the Raibl period also, the occurrence of rock-facies is
Tecognizable in the district from Schlern to the Diirrenstein, while
the dolomitic or flaggy development of Lower Raibl beds extends
higher in the Diirrenstein district than in Enneberg or Falzarego.
In the Raibl strata on Plitz Wiese (Diirrenstein distriet) no
Myophoria or Ostrea montis-caprilis beds are present, but the
highest marls-and-rauchwacke horizon succeeds a continuously dolo-
mitic development. -

Inequalities of thickness are remarked in the rocks of all horizons
from the Muschelkalk to the Dachstein Dolomite ; these inequali-
ties are correlated with the frequent occurrence of ashy beds
and of angitic volcanic rock during the Buchenstein, Wengen, and
8t. Cassian periods, and with the highly magnesian and ferruginous
contents of the sea~water during the Schlern-Dolomite and Raibl
periods. _

The accompanying diagram illustrates the general stratigraphical
relations in the districts examined.

The fossils found in the various localities are enumerated in
the appended list. I must express my thanks to Herr von Suttner,
of Munich, for having kindly identified the ammonites; and to
Herr Sghle, who was good enough to identify the fossils found on
Stuores during the second season of my field-work.
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Disgram oF Upper TRIAsSIC STRATA IN ENNEBERG AND AMPEZZO.
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Lisr or FossiLs FouND BY THE WRITER ' IN VARIOUS LOCALITIES OF
SovrmerN TyroL (ENNEBERE AND AMPEZZ0).

Note.—The numbers in the tenth column of the following table denote the
occurrence of similar species in corresponding strata of other districts: —

1. 8t. Cassian (Partnach) strata of Northern Tyrol.
2. Lower Raibl or Cardita-strata of Northern Tyrol.
3. Upper Raibl or ‘ Torer’ strata of Northesn Tyrol.
4. Fischschiefer (Lower Raibl), Oarinthia,
5. Myophoria-beds (Lower Raibl), Carinthia.
6. Torer Beds (Upper Raibl), Carinthia.
7. Raibl strata, Friaul.

8. Raibl strata, Lombardy.
9. Lower Schlern-plateau Beds, Sonthern Tyrol.

SronGIDA.2

EBudea polymorpha, Klpst.sp. ...

Manon, Must. sp.  ...........
Colospongia dubin, Mf:nst. §p. ...

Verrucospongia armata, Klpst. sp.
Cryptocelia Zitteli, Steinm. ......

Peronella Loretzi, Zittel ......

—, sp.?

Corynella gracilis, Mnst. sp.
astroites, Mnst. sp. ...

—— rotularis, Mnst. sp. ......
—— Manon, Mnst. sp.
=, T AP ceeeeinnenen
Spongia, n. gen. .................
Sestrostomella robusta, Zitt. ... .
? dmorphofungia granulosa, Lbe.

P2 e
Steltispongia variabilis, Mnst. sp.
stellaris, Klpst. sp.  .........

g
‘%
@3
2|0
SRPE
= o
Sl
213

*

St. Cassian.
Middle or
Upper
‘ Stuores’ Zgge
Zone. ’ 8é
- SR
=7 2
RE:] =
= |2 5E
&l |, 22
. 5|72 2 23
gl =lsl 1= ©
=% ~— = <
=1 =< ]
=212 154
AR A ]
2o ol 255
glEig|aZIEIS
2lel2|2132(8
7| |h RO |»
*
* |
. * 2,
-| # [Spong. indet.9
o * 2,7.
. S 2,7.
|
.| %
RE | =
BE.4
HE A0 o *
RES
x| |
NE
BES
S
. o *
% VO O

1 Several fossils have been kindly given me by Freiherr Dr. von Wéhrmann
from Seisser Alpe, Stuores, and Forcella di Sett Sass.

2. Besides the sponges in the above list, many species are as yet. unidentified ;
some (among which are 10 specimens of Pharetrones) are in the hands of Dr,
Rauff, of Bonn, others are in the Munich collection. Species were found at
Cortina, and more especially at Romerlo, which are the same as some of the
figures given by Laube, but identification, according to wore recent work on
sponges, has not yet been accomplished,
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St. Cassian.
id
“Sinore: | Upber
Zone, one. S s
T =3 g E
. N (3]
g =1 5
& 85 82
218 || |82 |8 S 3
RISl (B &y 15 <°
Al 18 ‘Jg [
a | @ = QD
CEHREEEHE
JHHEIREEHE
B 65 < /8 (o7 [T (O (A
SpoNGIDA (continued).
Leiospongia rugosa, Mnst. sp.  .oooeevevnnennnne JO O N *

radiciformis, Must. sp. ..... e | *

— verrucosa, Lbe. ........... R R PO PP O O PO RN

—retwulams, Mnst. sp. .vivneees cevesensieness SN (RN RS SPY A I PO PO
CELENTERATA, )

Calamophyllia cassiana, Tbe.  ....c.ovveuerienvdons| e | 2 Lo o e foun]oc [ %

Cladophyllia subdickotoma, Lbe. . colensf e | |ouel 2

~—— subl@vis, Mnst. sp. ....cccen.u.. L N Y P

—— gracilis, Mnst. sp, B T 3 PO P
....................... o %

Rka,bdophpyllm recondita, Lbe. SN O O 3 OO O

Thecosmilia neglecta, Lbe. ..... B R N Y 3 Y

Hoernesi, Lbe. ... U SN 3 PR PO N PPN PN .
——rugosa, Lbe. ......... RE P | %

—— granulata, Klpst. N L I3 B
—— drregularis, Lbe. ..... o ™
—— confluens, Mnst. sp. coafoecfen | Hefeea]een] R
—— Zieteni, Klpst. sp | *
—,n.8p. 1 &2 ... BN O e £

—,n.8p.3 &4 BES
— I8P D e, *
Montlwaltm tirolensis, Wohrm, e AR 2.

caspitosa, Mnst, «.o...coevennnen I N R F
—— capitata, Mnst. ... REIRNESEY
—— crenata, Mnst. ........ 8 PO PO I3 OO DR

radiciformis, Mnast. RES
—— obligua, Mnst, ........ L
—— rugosa, Mnst. ... o
—— perlongata, Mnst. AE]

—— recurvata, Lbe. ...... cofe REY

granulata, Must. veel e
—— acaulis, Mnst. ......... ool RES
—n.8p. 1 &2 [ o*

o T REN | *
Azosmilia aipina, Loretz ............. el .| *
Omphalophyllia _qmczhs, Mnst. sp ols AR

cyclohtqformzs, e eeees S S S o
pygmea, Mnst. sp.  ........ FN RN R O PO RN Y PR

ba otiformis, Mnst. 8p.  cocccvveensenerinenns J PN PO JOO IO PR 3 IO 2.

Q. J. G. 8. No. 193. E
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St. Cassian.
Middle or
¢ Stuores’ Iégper
Zone. ne. 8 g
) =P gg
g =g
ElCIE TETE
AR £l ko)
AP NE S EE
HERREEEE
EREEREESE
CELENTERATA (continued).
Omphalophyilia, n. 8P.  eeveeicrireceecsesrnecnnnn. O PN PR O PO .4
Elysastrea Fischeri, Lbe, ..... vee]eefreeleee]ensfeee] ¥
Pryllocenia decipiens, Lbe, .. J®
DL BP. cemecerecesnnanes irfoefeee] %
Astrocania Oppeli, Lbe. |
Isastrea Gimbeli, Lbe. | X *
—— Hawers, Lbo.  cvveeeerinsenssessenienns o ®
Latimeandra Bronmi, Klpst. sp.  ....... o[ * | *
plana, Lbe. ...cccevveriieiianncennnes -
—, cf. labyrinthica, Klpst, ..... .| *
Thamnastrea Zitteli, Wohrm, .. * [ % * E3E] 2.
Dimorphastrea, n.sp. 1&2 ..... IO VU (0% RN R FOR PO PO B I
SEYling, D, 8P, euveereeeeeicoiiiiiiroisiensiraessonne DN N R N IO DO PP
ECHINODERMATA,
Encrinus cassianus, Ibe,  ......cccviiviiinrenanas vo| e %]] ]l {1’2’3’6'
—— varians, Mnst, ........... T B E AR R E N + Oy T
—— gramulosus, Mnst. ........... I PO ™S RN O 1,2
Pentacrinus propinguus, Mnst. .. PRI EAE IR dE 1,28.
— tirolensts, Lbe, .....cc..uveee- ALY Y A e A £ , 6.
—— subcrenatus, Mnst. ........ IR ALY
— levigatus, Mnst, .......... REZEIRNE SR L.
Cidaris dorsata, Braun w x| w e (x] e [%(1,2,87,92),
NSRS | T £ O PR IR PO RO DR PO UM
—— Hausmanni, Wiesm, . IR IR IR AR 1.
—— Braunii, Desor .. | wlelnl.]x|%] 1,286
— semicostata, Mnst. REZR RS R S L)
—— alata, Ages.  ..ceennnnns AEE I PR E 1 A 1('13,9.
— Roemeri, Wissm. ..... IR ESE X
—— linearis, Mnst. ........ ]| %
—— Liagora; Mnst. ........ I P T 3 PO
—— triserrata, Lbe. ........ o |ead]oadee]esd] 7.
—— flezuosa, Mnst. ..... I EIRE Y 1.
—— decorata, Mnst. .......c.cconreenn AR IE I )
—— trigona, Mnst. ....ocoienieenenee B PR PO I &
— subsimilis, Mnst. ..... JRN R PO PO PR PO
—— fasciculata, Klpst. ....c.oevveeennrniiinnnne. JON O i
—— Klipsteinii, Desor . 3K
—— 5pin0sa, ABBB. ..eeereriiiins coreieieiiiiiinis S O P A A AP R
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St. Cassian.
Middle or U
¢ Stuores’ prer
Zone. one. 8 3
Py 33
2 a =~ ]
41| R HE
/1 N |-317] N o 3 y
2C| & Els| |5 °°
=) ?5 4 '% Sla _E' & :
5 a | a
HEE S
15| < o6 [ [ S |8
EcHINODERMATA (contimued).
Cidammasta,dsza, Schafh, accceriiirinenne. JUUN PR PR PN USROS PO 2,3.
JE— obilis, Mnst. ..... NE]
—— Buchii, Must. ....... A
—— biformis, Muost. ..... REXE 1.
—— serobiculata, Braun .......ccoevenennanse oo %
Rhabdocidaris subcoronata, Mnst. sp. ......... verlond % K]
Poryzoa.!
. : 2 (C. ene-
Cerigpora, sp. divers. ............ cerreerneeneaee { midium).
BRACHIOPODA.
Waldheimia Minsters, A'Orb. 8P, «ecevvrerennen. JU O RN PN P
—— Budora, Lbe.sp.  cecocvveneences [ *
— subangusta, Mnust. sp. REIBNEAE
— carinthiaca, Rothpl. .......... AE3E 5,7.
Rhynchonella tricostata, Mnst, sp. . S feaden) # *
—— semicostata, Mnst. sp.  ....... A *
— subacuta, Mnst. 8p. ... gl J P 1.
— Unguligera, Bittn. .... %] JOR SO D S 1.
— gquadriplecta, Mnst. sp. ........ B [ S R O PO OO ™
——— subacuta, ver. coralliopkila, Bittn. el PO F O ™
Ampkiocling Suessi, Lbe. ..coceceerouneennnn | *
—— amena, Bittn. .......... JN O T )
— soitula, Bitth. «.ovcviaiieiiiiiniiniin. K
Roninckina Leonkardti, Wissm., 8p. ...... e 1.
— 0. :lp. Craeerreseeneasioriusraseareontansas
KRoninckella triadica, Bittn. ......... R PO O 1.
Spirigera Wissmanni, Mnst. sp. ... % [on] % il ] % 1.
| —“indistincta, Beyr.sp. «.eceveunens PR E I EY %% 1.
— subcurvata, Mnst. sp. . JR U OO O 3
— quadriplecta, Mnst. sp. .... % Jeasfens| %
— — (var. euplecta, Bittn.) WAL
— Schloenbackii, Lbe. sp. ....... | *
—— flezuosa, Mnst. Bp. ..c.....e. e E fee]ees] ¥
—— contraplecta, Mnst. 8P.  ovenveneenininnen corfee| %

1 Several species of polyzoa were found in all the above localities, but they

have not yet been identified.
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Lisr or Fosstus (continued).

St. Cassian,
Middle or T
‘ Stuores’ prer
Zone. one. 8
- a8
: = & S
K 3| 5 E
48 (.| (5@ |4 3.5
28| 2] =] |8 o7
Sl elsla]E
AAEINEE CEE
SEHEEEEEEE
; B 1S i < [ ) e (o |8
Bracurorona (continued).
Retzia Klipsteinii (nov. nom. K]lpst sp ),Blttn ceeleed] %
—— distoria, Bittn., . JUR O PO DU *
yTLBP. evinieiininnnnan, .
C’yrtma Zutteli, Klipst. sp. . | %
SpmfmnaFrechn, Bittn. ... N ) N N RN POON PO IR D
, 8p. indet, ............... DO PO N R DR JOON
Orama Calymene, Klipst, ................ erfoar]end] ®
Discina (Orbicula) discoidea, Mnst, gp, .........|...|
LAMELLIBRANCHIATA.
Lima subpunctata, @Orb. .......vvvevveeennenn.n. Y TN P O N PN FO ™3 N 8.
—— ISP aeeaene cereenn BN VO RN N PO PO PO N 4
Plzwzmopszs indet. ....c.ceuvnnrennnn. o[ *
g,ﬁ&szsz‘mata Winkler . JUN RN R DU PO VO FO
meztes obhguu.s Lbe. ..ooviviiernnes deeeloed]
Pecten Nerei, Must. ............ E ‘
_ subalterna,ns, d’Orb. el 2,8,6,7.
—— tubulifer, Mnst. ... JO PPN PO O O ™
— subdemissus, Mnst, ...... OV IO I 3 PO I
———, cf. Schlosseri, Wohrm. .. FUR O U PO R O PO OO ™4 3,6
' UL ) SRR TN PR O P N N I N ™
Gryp}ma arcta, Braun cee|ear]eee] %
— avicularis, Mnst. | *
Avicula arcuata, Mnst, LR * ... 7.
~—— depressa, Wissm, ... RE2R .| *
— Gea,d’Orb. ............ dx). %, 2,6,7,8
—, n. sp. aff. Gea, d’Orb. ........ |oe| #
Cassianelle decussata, Mnst. sp. ..... RS A Y EN T 2,8,9
—— grypheata, Mnst, sp. ........... A * =)
—— Tepuistriata, Mnst. ..... | *
euglypha, Lbe. .............. AR E
Halobia Richthoferi, Mojs. JOON JO 08 3 I PO AN 1.
Lommeli, Wissm, ...... O S A A 1, 2, 4(?)
rugosa, Griimbel ........... B R N O 1,2, 8.
Posidonomya wengensis, Wissm, .. AR 2, 8.
I BP. 1 e, )
—, I8P.2 ... | %
Gervillia angulata, Mnst. ] % K| % | *
—— angusta, Goldf. ...... vor|iacond] % | ¥ *| %] %l 3,6
Nucula lineata, Goldf. ....cooeeevveevnenninnnn. PRI RS *
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List or Fossms (continued).

8t. Cassian.
Middle or
‘Stuores’ gg)}):r
Zone. . 83
— TR 5 §
3 & [ =]
HERNELE Sk
38 || |58 (¢ 82
E A T T
MEIRCEIEEE :
AMEIP Il
§|E|Z |88 |25 55
1315 (e | [ [O &
LAMELLIBRANCHIATA (continued),
Nucula subcuneata, Goldl. .......... cneveneres o e B EE
—— strigilata, Goldf I T % O Y P 6, 8.
—— inflate, Wissm. ....... *
— subtrigona, Mnst, *®
—— cordata, Mnst. ..
—— subobligua, €0rh. .......... oo # Jeecfeae].nn 70,
—— expansa, Wissm. .......... Jowe|ens|oee]ere] %
Cucullea impressa, Mnst. .....cooevneineee. Y SR % P O (O PR I 3 O ?).
Macrodon strigilatus, Mnst. sp.  ......... Jeodeadfoaclerd| # [eee)en].oe(2, 3, 8,7, 8, 9.
Leda elliptica, Goldf. .................. dfoee| %
—— preacuta, Klipst. .......... D 0% N 1™ PR RN DOON DO PO S 7.
— tirolensis, Wohrm.  .......... celeedhonacleaslad]ee # el 2, 8,7, 8.
Myophoria Whateleye, Buch, sp. .............. dolo ] oo %] %) (2, 8,5,6,7, 8, 9.
(=Myophoria chenopus Lbe.) -
—— karpa, Mnsk. 5P, .ocoveeeeniiresionnnnennnn. B 1S PO O IO 3
Griimwaldia (Myophoria) decussata, Mnst. sp. T 720 PP O P PO 3 ™ 2,8,7.
Myophoriopis lineata, Mnst. sp. ........ceveveenss PN U 3 PO PO O 3 3 O 2,7
Anoplophora Miinsteri, Wissm. ............ k(=] 8,7, 8
rect@, Gmb. BP. <vveeerierens P O OO R O ") P O 3.
Cardita crenata, Goldf. ............... BIEE 3 RN RNE
——— ——, var. Giimbeli, Pichl, ......... Aowalooeloosloanfonstoasleend % 2,3,17.
I SP. cierenreiiacenrestivrnnienns wes oJoeleadfeesfinn]ees]oactoanf 3
Packyrisma rimosum, Mnst, sp. A 7, 8.
rostratum, Must. 8p. .......cc...
e T BP: ceeieereneenrernnaning Jood| %
Thgomdus rablensts, G-redler Pl 78,9
Modiola, cf. obtusa, Eichw. B SO Y I 9.
%aozh.s, KIpst....ccornrvnnces B F300 Y OO TG T I 5 OO Y A /5% - - X
Mytilus Miinsters, Klpst. ....... SR E Y IS OO 1
— ML BPh ceerieniecnurenesnie S OO Y O R PO
Lucing anceps, Lbe. .......ooveveviorivenennecns o el 8,9.
Fimbria (Corbis) astartiformis, Most, 8. «..ee-|ee.|oed| # |o - 2,8,9.
Pinng, D.BD.  veeveriinniiiiiiniene e PR R PR PN N PO IO It
GASTEROPODA. v
Dentalium decoratum, Mnst. ......cc.oeeeees Jeaefeec]easfenefeei]ens]ere] #
| — wndulatum, Mnst. .... voe] # [ea]eeefene]eee]ees]sen 3.
Patella granulata, Muost. .......... L -
Emarginula Miinsteri, Pictet ....... IR ENRE S *
Zygites delphinula, Klpst. 8D, ...cevveiierensnen ooeee| %
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List oF Fossmzs (continued).

St. Cassian.
Middle or T
¢ Stuores ’ prer
Zone. one. s
=F g g
E el E B
<13 |.] 58] |s 8.3
S g s F1?| ) & oo
M1 %‘ S o § q
|2 gl || 3| -]
HHEEHE R
@ 3281835
[ (3 |68 (< (= 13 | O 8
G4ASTEROPODA (continued).
Raphistomella radians, Wissm. 8P. ..coveveer.. ceefen ] ®
Kokenella costata, Mnst. sp. S
Temmotropis falla.z-, Kittl vefeneeen] *
— bicaringta, Lbe. ...ccovvivecenrenieniiiennnn. OO T PO O OO O
Pleurotomaria, 1. sp. aff. nodosa, Munst. ...... SR OO N DO (OO PO O IO
Worthenia (Pleurotomma coronam, Mnst. sp SRR E SRS E
~—— (—) cirriformis, Li [ PR E
—— (———) subcostata, ‘Mnst. sp .
— (—) canalifera, Must. sp. ....... *]. * 9.
——— (——) subgranulata, Lbe. sp. .... |
—— (——) Mimnsters, Klpst. sp. ....... . *
__ (—g spuria, Mnst. sp. ....... %
—— (——) coralliopkila, Kittl S
—— (——) turriculata, Kittl ....... | * .| *®
—— (——) Jok.-dustrie, Klpst. .... coefounfons| ¥ ]eul| #
—— (——) rarissima, Kittl ... JUON R OO O JOR
—— (——) casstana, Xittl g *
Chilotoma Blumi, Mnst. sp. E AR R
Laubella, 0, 8P, «eveervocoernaercisasioennineeicie R O S O L
Buomphalus (=Schizostoma, Xittl) denfatus, e
MDst. seeererimnnrenrreisrnianairennens cessenees vl ®
—— spiralis, Mnst. ...ceoeeevenreirnnnnn.. [2:179) P IO 3 O PP Y PO X
(= Margarite levigata, Mnst. sp., Kittl '
—— Uneatus, Klpst. 8p.  ..cevveeereriians e PO R O R OO I
Calocentrus Pichleri, L%e T, [N AL S NE AR
Schizogonium soalare, Mnst. sp. ]
serratum, Mnst. sp.  ......ceevnes vee| ®
——— Laubei, Klpst. n. sp.
Turbo vizcarinatus, Must. J
—— subcarinatus, Mrst. . *
——TLBP. ceeeeeneieerennenaiennens . *
Umbonium kelicoides, Mnst, sp. .......
Pachypoma Damon, Lbe ........... ) T N P
—— calcar, Mnst. sp. ..... RE AN
Trochus subglaber, Mnst. ..... % feei]oas]e .| *
—— nudus, Mnst. ........... .| *
—— sub-bisertus, d'Orb. Jd*
— subconcavus, Mnst. ..... . %
— lissochilus, Kitil ..... J®
— bistriatus, Mnst. .. | *
—— glandulus, Lbe. ..... RIS
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St. Cassian.
Middle or
‘ Stuores’ ggg:r
Zone, . 93
T = g3
: )
30 BE || &z
<& (.| [52] |¢] 3.2
2O 18 By &l <°
- a a_;’ . 2 S g E § <
SN 28
& | &[] 2 |2 é’ic g
SHEETEHEERE
NG 1S
GrASTEROPODA (continued).
Ziziphinus ( Trochus) semipunctatus, Braun sp.)...[...| * [-..|---| * |- *
Colonia cincta, Mnst. 8D, ..oocevnnveares coufoee] Ffeanfone| ¥
Eunemopsis dolomitica, Kittl ..
~—— Epaphus, Lbe. sp. ........ .| *
Delpkinule levigata, Mnst, ............cccc..... ol ceafrefene] *
Clanculus (Monodonta) cassianus, Wiesm. sp. | oo % | %} *
—— (——) nodosus, Must. sp. «.....ceuuees . e ene]eae|
Neritopsis ornata, Mnst. sp. .... copfens]oee] ¥
—— armata, Must. sp. ..... 2 PN SO TR DO SO 9.
—— armata, var. plicata, Kitt] el %] 9 ging, N
ety i o e L P
Scalaria triadica, Kittl ..... O PR PPN O O IO
—— ornata, Mnst sp. veele el .| *
——— Damesi, Kittl ........... S TN E
—— venusta, Mnst, sp. ..... J{ Y O P &
—_— Innodosa, Mnst. sp. ... .| *
—— biserta, Must. sp. J*
— elegans, Mngt. sp. ........ | *
—— supranodosa, Klpst. sp. .... RES
Paleonarica constricta, Kittl .... L
~—— concentrica, Most. 8p.  ...coeveveeriennnnnn. NI L * 9.
(Cf. pseudofossarum, Koken.)
Oncochilus globulosus, Klpst. sp. ......... PO N TR PO PP
Naticella concentrica, Mnst. ...... deodfoeefens %
aff. sublineata, Mnst. sp. JL L3 0N % PO PO P I
Naticopsis neritacea, Mnst. sp. DN O A O & 3 KT
—— @mpressa, Mnst. sp........... R AP L S PR R
—— ornata, Mnst, sp. ..... I IE OO VR PO O 3 13
—— expansa, Lbe. sp.  ........ e eefene]eo | %
elongata, dOrb. sp. .......... el ofeee| #
——, cf. cassiana, Wissm. sp. JRPON P P O O
, 8p. indet.  .......ees BN R PO *
Natica Mandelsloki, Klpst. S *
neritina, Mnst. ........ | *
—— sublineata, Mnst. .....ocovvniaanes cofeas]ees| %
Amauropsis paludinaris, Mnst. sp. TR VORI % FRR PN PR PR TR
——, SP. indet. cevuiiieiiniiiiieiiiinicens JUR VO PO PO P O PP
Ptychostoma plewrotomoides, Wlssm SPe eennne R ERE S RE L AL AR
—— Wikneri, Kittl  ..coivvevicienieiinniarnnnns vl
, BP. indet. ......eeerenns cererseenenesan ceenren R N PO X o *
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-List or Fossmua (continued).

St. Cassian.
Middle or
¢ Stuores’ gcgier
Zone, 23
—— = g8
: g f |
8 el 5E
318 (s 127 g 84
N
25 18518 |5
AR R
RN EEEE
JHEEEEEE
Bl3E<iEEE S
GrASTEROPODA (continued).
Lacuna Karreri, Kittl ....ee..vrerireenreniinnnen. PO I 4
Delphinulopsis binodosa, Mnet, sp * *| %
= Laubei, Kittl ..........
——, sp. indet. ............. O RO Y ORI JORN N (OO RN P
Zm-rztellasubtzlestnata, Klipst. .....covvennnnnens JORR N PO R O P O &
—_ (Undulana, Koken) mrmata, Mnst. ...... N OO 2 PO P PO PO PR I 9.
P DL BP. cerrereresensertnniiiieitesnsiieiieennaes FURY OO PR O P Y PO [
Lo.rcmemasubomatum, Mnst, ......... JRUPIY RN N PO Y OO 2% N O 2
— fenue, Mnst. sp. ..ceeuvennes AN RN O I O R N PN B ™
—— obligquecostatum, Bronn . FN PO U P .| * 8,9.
—— arctecostatum, Mnst, s cocfens| ® een 9.
(For the preceding two, cf. Zyy«mlewra,, Koken)
— acutecostatum, Mnst, sp.  ....cooevevennnn e #
~—— Haueri, Klpst. sp. ....... ¥
—— hybridum, Mnst. g J*
,n sp (cf. Hg/pszp a,?) o |
............................. ees]e eoefeenf.e| ¥
C’hemmtm gracilis, "Mnst, 8p. N E N
—— longissima, Mnst. sp. ............ | *
—— supraplecta, Mnst. ....... A *
—— subcolumnaris, Mnst. .... RE RN
—— subscalaris, Lbe. ............ J* feae]eac]eecfonefend] %
—— turritellaris, Mnst. sp. . J*| eefond]eee| %
reflexa, Mnst, .......eue... R O T
—— Dunkeri, Klpst. .......... BN O I
Cerithtum fenestratum, Lbe. . A ] %
—— Koninckianum, Lbe. .... | *
—— nodoso-plicatwm, Mnst. . B B
—— bisertum, Mnst. .......... Jea]end] %
——, sp.indet. ....cciciiiiiennnn, Y TS PO TN RN DN PO ™3
Holope aLo'mmeh Mnst. sp. RN E
Niso comca, - ) « SRR NANE
Neritaria, cf. antz}:s? Klpst. PR P O Y PO IO
Katosira, of. fpagzhs? Koken .eeunonnn. Y PO PO RO O OO OO D ™3 9.
——, of. Zygopleura spinosa, Koken ... B R N P R O R JN 3 9.
Hypsiplewra, 0. 6p. 1 &2 ....covvvvvveininninnn. S I YN Y PO P O
CEPHALOPODA.
Aulacoceras inducens, Mojs, ......cceevierennnns N OO0 £ PO (O R 3 S O 9.
Orthoceras elegans, Must. ....... ervireivesanens SN O RPN O O Y ™
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Lisr or Fossirs{ (continued).

8t. Cassian, l
Middle or
¢ Stuores’ IZIPP”
Zone. one. 23
—_ AT g3
g =8 o)
R T|E 5 g
5|3 . =2 . P>
|2 1 ey 89
MEARSIECIEIA
PPIEIREE
N HHEREEEEE
b ERERE S S|E
CrrHaLoroDA (continued). )
Orthoceras, aff. subellipticum, Mojs ........ Jenefeesfond] ¥
Nautilus granulosostriatus, Klipst. ..... cefeed| ¥
——, cf, linearis, Mnst, .............. vas|ene| %
Arcestes bicarinatus, Mnst, I I PO O
—, off. Gaytani, Klipst. o[ *
———, BP. INd6b. .eevirniieniieaiiiiiiinee R P RN O
Joannites cymbiformis, Wissm. ..... JOUN N PO I3 N PO U O IS 2,9,
Lobites piswm, WissIM. .oveveereeerrrverrenieinnenss R
(ace. to Mojs. = nautilinus, Lbe.)
Celtites, afl. Buchi, Lbe. .....c..ovvveeiiaeeacnione IR 1 S R Y PN 1) 1
—— epolensis .........ccccu.... #
Klipsteinia Boetus, Wissm, ........... oleee| ¥
—— drregularis, Mnst, .....oooovviieiiniierinnnns |
Trackyceras Aon (forma—typical dom), Wissm.|...1 % | %% .l e]een 1,4
—— —— (forma Miinsters), Wissm. .... Sl ®
—_ (forma Brotheus), Wissm., cofeeafiee| ®
Surcatum, MOst. .......ovvveeivsesieirennnnnns 3% U R O T O OO SO 4.
~— Basileus, Wissm. (= Busiris, Lbe.) ...... BN N I O R Y F O 4.
——— Zeuschnert, Klipst. ......veevsirveniienannens vt
—— suleiferum, Must. (= Saulus, Lba.) ...... RS
—— Gredleri, Mojs. .eeeieevrnernriiimeinenieenn, *
——, ef. Archelous, but an evolute form ; see|...|...[-..[...f...]...]o.c| #]... 8(2).
also Parona,  Fauna Raibliana di Lombardia.’
Badiotites Bryz, MDst, ....cccceveereerennciennens R AR
Megaphyllites Jarbas, Mnst. .......eeevevvennnnes vl e
Lecanites glawcus, Mnst. .......coceveeriienenenns oo %

Nore.—Besides the well-known plant-fauna occurring in the Wengen Beds
near Oorvara, badly-preserved remains of plants were found both in the
- 8. Cassian and Raibl Beds, but the identification of these is impossible.
The fossils occurring in the Wengen Beds at Prags have been so fully quoted
by Hoernes and by Loretz that it is unnecessary for the present writer to mention
the specimens found by her.
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VIII. Tee Trecronic RELATIONS.

(See General Tecton'ic Map, facing p. 70.)

Before entering into a detailed consideration of the geological
maps, it is perhaps advisable to rlefer to the general tectonic relations
of the northern district of thle Dolomites ; the three separate
districts which I have specially{studied will thus be more clearly
brought before the reader. My dwn knowledge of this wider region
is based on a study of the literature, as well as on personal obser-
vations in several places. ar

A glance at a geological mapp of the Dolomites shows that the
pre-Triassic rocks are exposed in the Pusterthal, and are succeeded
in the south by younger strata, In the neighbourhood of Prags,
west of Toblach, we meet Wer/fon and Muschelkalk beds; these
continue westward in the Hoch Alpe towards St. Vigil and Wengen,
and cross the Enneberg Valley north of Pedratsches. Here they
bifarcate, the northerly branch passing off in the Villngs direction,
the southerly over the valley of :Campil to that of Groden. From
the Gréden Valley it turns southward, and, leaving Schlern on the
east, is exposed in the Tiers Velley and farther south. The same
strata strike along the base of the Rosengarten massif and the Fagsa
Valley, eastward over the Pordoi Pass into the Buchenstein Valley ;
from Buchenstein they strike south-west towards Caprile, where they
are in great measure lost sight of, owing to an east-and-west fault-
line, but may be partly traced as far as St. Vito in the Boita Valley.
Within these limits the older Triassic strata are nowhere ex-
posed, with the exception of a small band from the Upper Groden
Valley, over the Groden Pass to Colfuschg and St. Cassian. The
younger Triassic strata attain, on the other hand, an extended out-
crop, so that in a merely general sense we may regard this as a
synclinal area, in which at one part (Gréden Pass—Langs-da-fiir
—=t. Cassian) the older beds form a broken anticline. This folding
of the beds, although indicated on a broad scale, has been modified
and sometimes entirely destroyed by a number of faults.

Not many miles distant from the outer zome of older Triassic
strata there rises abruptly a great complex of Dachstein Dolomite,
succeeded in many places by Jurassic and Cretaceous rocks. This
Dachstein-Dolomite complex embraces Hohe Gaisl, Seekofl, Heilig-
kreuz Kofl, La Varella, Tofana, Monte Cristallo, and one may add
Gardenazza in the west. Numerous faults have let down this
whole region of Dachstein rock, and it is perhaps better to speak .
of it as a subsided area than as a syncline. In many of the sections
given by Mojsisovies (* Dolomit-Riffe,” pp. 209, 213, 288, 289, etc.)
the lines of disturbance and faulting are shown.

The relations in the outer zone of older Trias vary. At many
places (e. g. the Diirrenstein, Wengen district, Puflatsch) the older
Triassic strata arelet down by step-faults, whereas in the neighbour-
hood of Pedratsches they are folded.

Of more importance are the faults which have brought down
the younger Triassic against this zone of older Triassic rocks.



Vol. 49.] ST. UASBIAN STRATA IN] SOUTHERN TYROL. 59
‘est course, and extend along the
rea. If, now, the strata on the
ght down to the level of the Men-
of the fault, we have from the
outcrop of dolomite up to the

These faults have an east-and-
whole region north of the sunken
southern or downthrow side be bro
dola Dolomite on the other side
Lower Muschelkalk a continuou:
Raibl strata.

Loretz has previously explained
east-and-west faults. Mojsisovics

this as in part the result of such
on the other hand, has explained
part of which is a ¢heteropic’
development of dolomite correspondling in age to the marls, tuffs, ete.
of the St. Cassian, Wengen, and Bjachenstein periods.

In several cases I found that fthe younger strata were brought
down by faults against differenty horizons of older strata; natu-
rally, in the particular case off two dolomitic horizons being
faulted against one another, the lijne of fault, or even its presence,
is extremely difficult to prove, |not only from the lithological
similarity of the two rocks, but alio from their poverty in fossils.

One of the main fault-lines rgcognized by Mojsisovics (in co-
operation with the survey of Hoexnes) is the Villnés fault, which,
he says, may be traced through gkhe Villngs Valley, over Campil,
then across the Enneberg Valley, through Fanis, south-east to
Peutelstein and towards Tre Croci., I could not convince myself
that this was one and the same faulk-line ; for instance, Mojsisovics
says (0p. cit. p. 293) :—* West of they Wengen Valley, the northern
wing of the fault-line is the downthrovy ; east of the Wengen Valley,
on the contrary, it is the southern wing which is the downthrow.”

So far as my own observations go; the Villnds fault, from the
Upper Villngs Valley up to near Campil, belongs to the set of
step-faults already mentioned, which have thrown down the older
Triassic strata to the north. That part of the Villngs fault which
is found west of the Enneberg Valley is one of a set of parallel
faults with a repeated downthrow to the south occurring within the
sunken district of Dachstein Dolomite. .

The system of older Triassic rocks faulted up both east and west of
the Groden Pass meets farther west the outer zone of Werfen Beds,
Muschelkalk, etc. West -of the Tschisler Alpe and Wolkenstein,
therefore, we find no outerop of Dachstein Dolomite and younger
Triassic rocks, the Gardenazza massif and Puez forming the western
limit of the sunken area. Hence it is, also, that the relations of
the strata are so much simpler towards Puflatsch and Schlern.

Two of the districts mapped lie in the southern portion of the
wide area just discussed. That of Prelongei (Map A)is precisely on
the boundary-limit where, in the Buchenstein Valley, the southern
wing of the broad syncline of older Trias bends up ; that of Cortina
(Map B) lies just south of the area of subsidence, below the
Dachstein massif of Tofana. But the map of the Diirrenstein
(Map C) lies partly in the outer zone of older Trias, and shows
interesting transitional features from this zone to the Dachstein
Dolomite,
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(i.) The District of Brelongei and Sett Sass.
(See Map A} facing p. 18.)

At the north-eastern corner off the Prelongei map lies Centurinus
Spitz, a peak of Dachstein Dokomite. Southward, towards Sore
Bach, this Dachstein Dolomite i in contact with the Schlern Dolo-~
mite, and below the Schlern Dolognite are the St. Cassian Beds. Very
little farther south the St. Casjsian Beds form the slopes below
Lagazuoi, and above them follpws the complete succession, ¢. e.
‘Schlern Dolomite, Raibl Beds, ahd Dachstein rocks. :

The Raibl Beds and part of the; Schlern Dolomite have disappeared
at Centurinus Spitz, owing to ah east-and-west fault. The Laga-
zuoi massif is south of the faulft-line, while the Centurinus Spitz,
north of it, is on the downthrow sfde, Dachstein Dolomite having been
faulted down against Schlern Dofomite. This fault-line bends round
towards the north, and may be! followed along the eastern side of
the Enneberg Valley. The rocks east of it are everywhere let down
against older strata. I shall h{ive occasion to refer again to this
fault in connexion with the Heiligkreuz section.

The Falzarego fault- line, observed by Mojsisovics in the Fal-
zarego or Cortina Valley, is further continued over the Tra i Sassi
Pass and Valparola in a south-east and north-west direction, and
cuts off the Lagazuoi massif from Sett Sass. The relations at this
western end of the fault remain the same as those already proved in
the Falzarego Valley, 7. ¢. the rocks south of the fault-line are in all
cases thrown down.

In the Falzarego Valley Raibl strata and Schlern Dolomite are
faulted against St. Cassian strata ; at Valparola, within the district
‘of my map, Raibl strata and Dachstein Dolomite are faulted against
St. Cassian strata and Schlern Dolomite. The throw is greater in
-the west than in the east, where Schlern Dolomite is present above
‘the St. Cassian Beds south of the fault-line. According to the
explanation of Mojsisovics, the Raibl strata rest at Valparola con-
formably upon 8t. Cassian strata, as a natural consequence of the
‘thinning-out of the Schlern Dolomite of Sett Sass. As may be seen
in Map A and in fig. 3 (p. 21), there is clear evidence of the already
mentioned fault north of Sett Sass, bringing at first Raibl Beds and
then Dachstein Dolomite down to the horizon of the St. Cassian strata.

Moreover, I have proved that south of Sett Sass the higher
Middle St. Cassian horizons are separated by an east-and-west
fault from the Wengen Beds of Monte Sief, while towards the
west the Schlern Dolomite, Raibl Beds, and Dachstein Dolomite
are cut off from the St. Cassian strata of Prelongei and Stuores by
a north-and-south fault-line of considerable throw.

The Sett Sass Berg has a horseshoe shape, steep cliffs rise all
round the outer convex side, but the rocks descend more gently
towards theinner side. In thisway the woods and Alpe of Valparola
lie in arocky hollow. The strata have a general east-and-west strike,
and a northerly dip.

The southern wall of Sett Sass is Schlern Dolomite, succeeded
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towards Tra i Sassi (on the easte 'n limb of the horseshoe) by Raibl
and Dachstein - strata. On the lTsouthem well itself these rocks
have been eroded, but are seen lying conformably upon the Schlern
Dolomite in the Valparola hollow; here the dip of the beds is
steeper than the angle of incline of the mountain (see fig. 3, p. 21).
On the western limb of the horsedhoe the Raibl and Dachstein rocks
have a wider outcrop than on the eastern limb, and are brought
against the Schlern Dolomite and/ the Raibl strata at Valparola by
means of a south-west and northeast fault-line.

The fault is seen again at the south-western corner of Sett Sass,
between Raibl strata and Schlern Dolomite. It is, however, merely
of minor importance, branching from the mnorth-and-south fault
which extends between the whole of the western limb and the
Stuores Wiese. Both transverse’ faults are then cut off by the main
longitudinal east-and-west Valparole fault, this triangular break
having thrown the western limb farther down than the rest of Sett
Sass. Towards Prelongei, long lines of Raibl and Dachstein blocks
and débris occur in the course of the fault below Sett Sass and
above Stuores wood.

The system of Monte Sief and Col di Lana belongs to the pre-
viously-mentioned anticlinal outerop of older Triassic strata. In
the valley between Andraz and Pieve the Werfen Beds strike
east-and-west ; above them Muschelkalk, Buchenstein Beds, and
augite-porphyry follow in symmetrical succession, both southward
towards Marmolata and northward towards Sett Sass. This valley
was not included in my detailed study, although in the map I have
for convenience indicated the general relation of the older Trias to.
the strata exposed on Prelongei.

On the northern side of the valley the Buchenstein limestones
and the augite-porphyry and sedimentery tuffs have an unusually
thick development on the Col di Lana hill. The strata dip north-
ward, and are bent up towards the south as an anticlinal arch,
which may be very clearly observed in the north-east and north-
west of Monte Sief—in the north-east, where the stream running to
Castello takes its source; in the north-west, where the slopes of
Monte Sief descend steeply to Montagna della Corte. Here the
bed-surface is often almost parallel with the slope of the hill, and in
many places, where the Wengen Beds have been eroded, augite-
porphyry reappears suddenly, sometlimes with a fairly large out-
crop.

The strike of the older Triassic rocks continues west over Cherz
and Varda to Arabba. They dip northward, and are here also
conformably succeeded by Wengen Beds. A complication is caused
by an east-and-west fault above Varda, throwing down the southern
wing, and cutting off the exposure of Werfen Beds on the northern
wing. - I found, however, Werfen Beds (which I identified by the
fossils occurring in them) on the right hand of the ascent to Campo-
lango Pass. These strike north-east and south-west, dip 30°-40°8.E.,
and are succeeded by Muschelkalk and Buchenstein Beds, This small
outerop of older Trias is then faulted from the Buchenstein Beds and
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[
volcanic agglomerates exposed higher on the Pass. The whole
gystem on the Pass belongs to the northern wing of the Varda
fault ; augite-porphyry forms the, southern wing, and is present
below the exposure of Werfen Beds in the stream which flows
towards Arabba. The Buchenstein anticline is therefore broken
north of Arabba by an east-and-wlest fault of reversed hade. I did
not follow the eastward continudtion of this Varda fault, but at
Cherz I observed that the successiom from the Werfen to the Wengen
Beds was conformable. The latter are exposed on a wide hilly
upland between Cherz and the Incisa Bach ; again, descending along
the Incisa Bach towards Corvara, they are found in complete suc-
cession, resting upon the augite-porphyry near Corvara (see fig. 1,
p- 17). This whole system meets (along the transverse fault west
of Campolungo) the system of Wengen and St. Cassian strata which
underlie Sella. Close under the rocky wall of the Sella massif
several small faults occur; Dachstein Dolomite and Raibl strata
are faulted down against St. Cassian strata; sometimes, again,
the Schlern Dolomite remains in considerable thickness above the
St. Cassian Beds.

North of Monte Cherz the Prelongei succession is exposed (see
fig. 2, p. 19) ; in this the St. Cassian strata are predominant. A
fault of small throw runs from the north-west at the Incisa Bach
towards the south-east. Although this fault can be easily traced
towards Corvara, it is difficult to follow it through the meadows of
the Selvaza Bach, partly owing to the presence of slipped débris,
and partly because its course kere is only through different horizons
of Wengen Beds. It apparently meets the (east-and-west) Monte
Sief fault near Cherz, and the Prelongei succession north of it is
slightly let down.

That succession, which occupies the central portion of Map A,
is cut off eastward towards Sett Sass by the north-and-south
fault against the Dachste'n Dolomite; southward by the Monte
Sief-Cherz fault and the Cherz-Incisa Bach fault against the Wengen
Beds ; north-westward and northward by the fault from the Groden
Pass. Another fault runs parallel with the Groden Pass-and-
Prelongei fault, and north of it ; between them, on Langs-da-fiir,
the older strata, from the Werfen to the Wengen Beds, are ex-
posed. This is the southern wing of the Griden Pass anticlinal
fold ; the northern wing is cut out here, but is exposed farther west
and faulted against the Gardenazza massif at Sass Songe, north
of Colfuschg.

The main strike of the Langs-da-fir system is south-west and
north-east, and the strata dip south-east. On the northern slope
(towards the confluence of the Grosser Bach and the Sore Bach) the
Langs-da-fiir system is faulted against Wengen Beds, which form
part of the system of Wengen and St. Cassian Beds exposed on both
sides of the Gader Bach (see fig. 4, p. 26).

Near St. Cassian the Werfen Beds and the Muschelkalk are again
cut off against younger strata by a minor east-and-west fault.
Augite-porphyry and bedded tuffs are the rocks chiefly exposed in



Vol. 49.] ST. CASSIAN STRATA m{ SOUTHERN TYROL. 63

the lower part of the Freiner Bach, along with a great many blocks
of Buchenstein limestone; but the. strata are largely hidden by all
kinds of débris. They strike in ian east-and-west direction across
the valley at St. Cassian. Immediately north of St. Cassian is a
thick mass of augite-porphyry, and above it follow the Wengen
shales containing Halobia Lommeli. The higher Wengen horizons
and the St. Cassian strata form the Ru and Peravuda slopes on
the north. At St. Cassian, therefore, a small outcrop of augite-
porphyry and Halobia-shales is cut off on all sides, except Langs-
da-fiir, against younger strata, the outerop being essentially a
continuation of the Langs-da-fiir anticline, only slightly disjointed.

To return now to the central Prelongei succession, we may con-
sider it as a shallow synclinal exposure of Wengen and St. Cassian
strata., Southward (Selvaza or Buchenstein Alpe) the series of
beds dip at a small angle, 15° to 20° north, whereas on Stuores
Wiese, wherever a sure reading of the beds in their true
position is obtainable, they are found to dip at a still smaller angle
(5° to 10°) south. The most fossiliferous St. Cassian horizons are
found on the ridge of Prelongei, and, as I have already said,
are repeated in Ruones Muren (see fig. 1, p. 17). For, towards
Corvara, the strata on Prelongei are twice let down by small step-~
faults. A large district in the north-west, known as ¢Siadu,’ is also
faulted down from the Prelongei succession, so that the St. Cassian
strata, which are in position between Sorege and the Piccol Bach,
have a quite different strike-system from the strata between
the latter stream and the Stuores Bach. Numerous blocks and an
unusual thickness of dolomitic débris cover the St. Cassian Beds of
Siadu, and indicate the presence at a former period of a continuous
bank of Schlern Dolomite in that locality.

The palzontological difficulties introduced by the landslips on the
Stuores Wiesen have already been touchec upon (p. 18). The con-
stant sliding down of younger strata upon older strata, and of a whole
piece of meadow into a secondary and quite irrelevant position, may
be observed at every part of the morthern slopes of Prelongei.
The soft marls, shales, and ashy Wengen Beds become saturated
with water, and give way under the St. Cassian marls, with their
numerous interstratified beds of hard Cipit Limestone, Slips then
occur in the St. Cassian strata on a more or less grand scale, and
one finds remnants of thick 8. Cassian limestone at varying heights,
looking at first sight like tongues of limestone thinning out in the
fossiliferous marls, and only with difficulty recognized as the broken
and slipped fragments of originally continuous beds.

Naturally the slips oecur more readily on Prelongei than in cases
where Schlern Dolomite rock still remains as a protection upon the
St. Cassian strata. The mossy hollows and high meadows of Pre-
longei form an extensive eroded surface exposed to the action of
heavy rains, melting snow, and swollen streams, and the down-wash
of centuries is spread as a loose soil upon the outcrop of older
beds.
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(ii.) The Uprper Ennederg.

Although no map of the Abtey, portion of Enneberg is presented
in this paper, I made very careful observations of the tectonic rela-
tions, and they are best considereid in conjunction with the Prelongei
district. The Wengen and St. Cassian strata are in place on both
gides of the Enmneberg Valley; they dip on the Gardenazza side
westward, and on the Heiligkreuz side eastward. The succession
in the northern part of the Gardenazza massif is complete from the
Wengen Beds to the Dachstein Dolomite; but southward, between.
Varda and Colfuschg, the succession is broken by the Grdoden Pass.
faults, and the Schlern Dolomite is found abutting against various
horizons, ¢.g. at Sass Songe, against augite-porphyry and Wengen
tuffs. Inthe central portion of the massif Jurassic and Cretaceous
strata are faulted down, the relations within Gardenazza showing
a general similarity to those in the large ¢ Dachstein’ area farther
east.

The relations of the strata exposed below Heiligkreuz Kofl and
La Varella are more complicated.

As T have already said, in dedcribing fig. 4 (pp. 25-27, 40), the.
Raibl Beds appear to succeed St. Cassian strata. The exposures of.
acknowledged Raibl Beds containing Ostreea montis-caprilis, Corbis
Meilingt, ete., lie north of the Heiligkrenz Kirche. They strike
N. 15° W., dip slightly east, and are succeeded on the steep slopes
below Kreuz Kofl conformably by a series of marls, breccias, beds of
dolomitic limestone, and dolomite interstratified with thinly-bedded
dolomite-flags. The ° Heiligkreuz Schichten’ behind the Kirche,
which contain St. Cassian fossils, strike north-and-south, and, if
followed northward along their strike, would continue in part
directly into the fossiliferoas Raibl Beds, while above them are strata
belonging to a higher horizon of the Raibl Series than the Ostrea-
limestones. A slight cross-fault cuts, therefore, the succession of
Raibl Beds just north of the Kirche from the ¢ Heiligkreuz strata.’

Going southward, thy, Raibl Beds, now with a different strike
(N.15°E,, dip 45° E.), crop out all along the road and strike
against different horizons of the same system of St. Cassian strata
as that to which the exposures at the Kirche belong. A north-and-
south fault is thus proved between the Raibl and St. Cassian
Beds here. In the system north of the cross-fault, owing to large.
glips and to the thick surface-covering of fallen blocks, it is impos-
sible to follow this north-and-south fault, but better evidence of its
presence is found farther south. Again, on the Medis Wiese, the
whole system is cut by a cross-fault; and, as before, the St. Cassian
strata are faulted up on the southern side.

On a mountain Alp, above the woods of Peravuda, there are steep
exposures of the grey limestone-shales (‘ Heiligkreuz Schichten’)
and, below them, St. Cassian limestones full of fossils (Halobia
Richthofeni, Mytilus Miinsters, corals, ete.). Still farther south a
ridge may be seen running out towards Ru. I did not myself
examine it, but Dr, Rothpletz has kindly communicated o me



Vol. 49.] ST. CASSIAN STRATA IN SOUTHERN TYROL. 65

the result of observations he had previously made here. The marls
and limestones on the ridge are St. Cassian strata, above which
Schlern Dolomite follows conformably. The dolomite has, however,
only a thickness of 80-100 feet, and is then faulted against the
Dachstein Dolomite of La Varella. Very little farther north Dr.
Rothpletz had seen the succession of Raibl Beds in full sequence,
The outerop of the Raibl Beds is therefore cut off on this ridge
by a north-and-south fault. As I have already mentioned, the
Schlern Dolomite is also faulted against the Dachstein Dolomite on
the southern wall of Centurinus Spitz (see Map A, facing p. 18).

Considering now the relations on the northern side of Kreuz Kofl,
we find the high Alpe of Armentara, on which Wengen tuffs are
in place; only a small outerop of St. Cassian strata oceurs close to
the mass of débris from the Kofl. Dachstein Dolomite then rises at
once as a precipitous crag, faulted from the strata on the Alpe.

These facts—namely, that different horizons of Raibl strata
meet St. Cassian strata, and that Dachstein Dolomite is brought
down to the level of Schlern Dolomite and of St. Cassian rocks—
prove that an important fault-line, whose general direction is
north and south, occurs along the western limit of Kreuz Kofl and
La Varella. This conclusion need not surprise us when we con-
sider that these mountains are included within the sunken area
of Dachstein Dolomite. The Gardenazza massif, togetber with the
whole system of strata in the Enneberg Valley, is less deeply sunk
than Kreuz Kofl, and, further, the downthrow of the Gardenazza
massif 18 locally minimized by the anticlinal folding of the strata
in the Enneberg Valley.

I must say a few words in explanation of Section 5 (p. 28). At
that section the St. Cassian strata strike east-and-west, and dip
gently below the northern wall of Gardenazza, whereas in Section 4
(p. 26, across the Enneberg Valley) the same beds strike north-
and-south. The strata therefore bend round, as is also the case
north of Kreuz Kofl, towards the Armentara Alpe. At the lowest
point of the pass between Enneberg and Campil, Wengen strata
are exposed; these may be followed westward and are seen to
crop out on the Campil Alpe a little south of the saw-mills, This
outcrop is farther north than the position of the same strata on the
pass, and although, owing to the rich vegetation, there are few
points at which a dip-and-strike reading can be obtained with
certainty, it may be concluded from their direction of outcrop that
the Wengen Beds dip steeply northward. The succeeding strata form
outstanding features, and are more easily studied. Augite-porphyry,
Buchenstein, and Muschelkalk strata appear northward from the pass
in the usual succession, but their strike is east-and-west, and they
dip steeply towards the north. Again, below the two saw-mills, on
the Campil Alpe, the beds occur in the same way, and the Werfen Beds
are also exposed. This inverted succession of older Trias must be
separated from the St. Cassian Beds below Gardenazza by a fault-
line. Farther north the same beds form a normal succession, as anti-
cline and syneline. thelatter extending north to the pre-Triassicschists.

Q.J.G.S. No. 193. F
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I have also drawn a parallel section in the Gader Valley below
the pass. As the fault which separates the inverted system from
that of Gardenazza does not strike exactly perpendicular (%. e. east
and west) to the plane of the section, but W.8.W. and N.N.E., the
St. Cassian and Wengen Beds of the Gardenazza system exposed in
the Abtey Muren extend farther north than in the Pass section.

Recapitulating briefly the tectonic relations in the Upper
Enneberg :—

(1) We havein Abtey, west of Kreuz Kofl, a region of less sinking,
where Wengen and 8t. Cassian Beds possess an extended outcrop.
The same result is attained in Prelongei, and the St. Cassian strata
are still more favourably exposed by the folding of the whole series
into the form of a flat syncline. Towards the Buchenstein Valley the
Prelongeisyncline passes intoan anticline, and, erosion having removed
the higher beds, the older Triassic strata are there fully exposed.

The system of older Trias which comes over the Groden Pass
separates the Wengen and St. Cassian strata in Abtey from those
of Prelongei; and the strike of the two systems is different: in
Abtey the strike is north and south, on Prelongei it is east and west.

(2) 8t. Cassian strata lie conformably below Schlern Dolomite on
the southern side of Sett Sass, at various parts of Sella, Gardenazza,
and Zwischenkofl, at one part of La Varella, at Centurinus Spivz,
Lagazuoi, and Tra i Sassi. In all other places the Schlern Dolomite
has either been removed by erosion (Prelongei and Abtey), or it has
been faulted down.

(3) At Heiligkreuz Kirche, on the western side of Sett Sass, and
at Valparola, the Raibl strata do not lie conformably upen St. Cassian
beds, but beside them, separated by faults.

(iii.) The District of Cortina and Falzarego.

The Cortina map (B, facing p. 28) forms the easterly continuation
of the Sett Sass district and embraces the high-lying valley of
Falzarego between the Tofana and Nuvolau massifs, and the western
portion of the Cortina hollow. Over an extent of ground measuring
12 miles as the crow flies, from Falzarego northward to Schwalben
Kofl, one meets no other rocks than Dachstein Dolomite, Jurassic,
and Cretaceous strata.

The road from St. Cassian to Ospizio in Falzarego leads over
Valparola and Tra i Sassi. As was shown in discussing the Pre-
longei map (see pp. 20. 60), the fault separating the Valparola and
Lagazuoi system from Sett Sass passes eastward towards Falzarego,
while the north-and-south Heiligkreuz fault bends round north of
the Sore Bach, and is continued eastward over Monte Cavallo.

These relations may be thus shortly represented :—

NorTH. NoORTH.
Centurinus Spitz ...c.covverenrsvreennerirosnannas Sunk.
* x Fault » = * :
Lagazuoi and Valparolg ............ccooneeeennne. Raised.
* » Fault » = *
Selt BaSS....ueeeieiretiiiriieiiireiiraare e, Sunk.

(Gradual passage to the anticlinal fold of older Trias.)
SouTH, SovrH.
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The Lagazuoi system consists of Dachstein Dolomite forming
Fanis Spitz, then a band' of Raibl strata, resting conformably upon
the Schlern Dolomite rock of Lagazuoi, and lastly, below the
Schlern Dolomite, the St. Cassian strata exposed west of Ospizio; south
of these we meet again Raibl strata on Nuvolau. Whereas the
St. Cassian strata below Lagazuoi dip only slightly northward, the
Raibl Beds on Nuvolau dip very steeply in the same direction, and
the Schlern Dolomite below them is exposed on the high ridge of
Nuvolau. Farther south (on the slopes of Nuvolau towards Andraz
and Buchenstein), St. Cassian, Wengen, and older Triassic strata
follow in regular succession below the Schlern Dolomite.

These strata on Nuvolau form the continuation in part of the
anticlinal fold of Wengen and older Triassic strata on Monte Sief
and in the Buchenstein Valley, while the continuation of the east-
and-west fault from Sett Sass throws down the Nuvolau system
against the St. Cassian strata, west of Ospizio in Falzarego.

Before I follow the Falzarego fault farther east, I would like to
refer to certain observations of Hoernes which seem to indicate the
eastward continuation of the fault between Centurinus Spitz and
Lagazuoi (see Mojsisovies’ ¢ Dolomit-Riffe,” p. 291). According
to Hoernes, the southern peak of Tofana Secunda is formed
by Dachstein Dolomite and Lias, the northern peak by Jurassic
rocks alone ; a fault separates the two peaks, and the strata to the
north of it have sunk. It seems probable that the fault-line which
I observed at Centurinus Spitz coincides with this one observed on
Tofana Secunda, in which case relations analogous to those farther
west at Valparola and Sett Sass exist here :—

Norrr. Norta.
Monte Casale (northern peak of Tofana Secunda)... Sunk.
* % Fault x * *

Tofana Secunda (southern peak) eeu.eereeierevenoneanens Raised.
* * Fault x * *
NUVOIAU «..oeervariiiiiiciiii et v s rreevanos Sunk.
(With passage to the anticlinal fold of older strata.)
SovurH. SouTH.

Looking up from the Falzarego road at the dolomite-cliff of
Lagazuoi, nothing can be seen either of the Raibl strata or of the
Dachstein Dolomite. They lie at a height of more than 1000 feet
above the road, and their outerop is some little distance north of .

East of Ospizio in Falzarego, the Raibl strata are seen on Col dei
Bos at a relatively low level, and above them the Dachstein Dolomite
forms the imposing wall of Tofana Prima. Associated with this
unexpected geological feature, a change in the mere terrain makes
itself felt (see fig. 6, p. 29).

Lagazuoi descends southward with steep walls close to the
Falzarego road, and eastward it descends towards a good stretch of
meadow, the Roces Alp. Some little distance back from the road,
Tofana rises above the meadow, and between Lagazuoi and Tofana a
narrow ravine leads up from the Roces Alp to the Travernanzes Pass.
In this ravine there is a north-and-south fault-line cutting Lagazuoi’

completely off from the Roces Alp and from Tofana Prima.
F2
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The Tofana system east of the fault has been thrown down;
hence it is that Raibl strata are in contact with the Schlern Dolomite
of Lagazuoi, and blocks of Schlern Dolomite cover the greater part
of the Roces Alp near Lagazuoi. The continuation of this fault-line
is followed across the Costeana Bach, where it passes between
fossiliferous Raibl beds (mentioned in the stratigraphical part of
the present paper) on the western or upthrow side of the fault, and
unfossiliferous variegated marls on the eastern or downthrow side. .

The general strike of the Tofana Prima massif at the Roces Alp
is east-and-west, and the dip north; but on the eastern slopes of
Tofana Secunda the strata strike north-and-south, and dip west.
(This bending round of the strata ‘is similar to that which was
observed in the Enneberg Valley, north of Gardenazza and Kreuz
Kofl, and again at Centurinus Spitz; the strata always dip towards
the central area of Dachstein Dolomite.)

This bending round has been accompanied in the neighbourhood
of Cortina by several radial faults. I cannot enter into the minute
details of these. Figs. 7 and 8 (pp. 29, 30), together with a glance
at Map B, show that the radial faults are again broken by faulws
parallel with the main direction of the mountain massif. The
higher strata are faulted down, and are always brought to different
horizons, until, at Col Druscie, Dachstein Dolomite and Raibl strata
extend down to the Boita Valley.

The Schlern Dolomite is seen only at two places within the
system of radial faults. One of these is near the Verviers or
Federale chalets ; the other is on the Majorera slope, just north-east
of the Lago di Majorera. A downthrow of Raibl Beds oceurs imme-
diately below the Schlern Dolomite on Majorera, and these are again
faulted in a north-and-south direction against St. Cassian strata.

At the Roces Alp a triangular arrangement of faults has raised
the St. Cassian Beds; in the south they come in contact with
Raibl strata (the ¢ Falzarego fault’), in the west with different
horizons of the Col dei Bos system, and in the east they reach
quite close up to the sharp angle where the Dachstein Dolomite is
faulted so far forward, and forms the prominent Verviers (or
Federale) ridge. . Near Cortina the outcrop of the St. Cassian Beds
forms a wide undulating meadow, in many parts entirely covered
by a superficial mass of slipped débris and broken masses from the
steep Tofana slopes. Extensive slips have occurred in the neigh-
bourhood of the Romerlo chalets, where the red Raibl marls and
the lower fossiliferous beds have slipped eastward.

The Schlern Dolomite crag of Crepa rises abruptly from the
midst of these Cortina meadows. South of Crepa, a small stream
has cut its way through a rocky gorge in the dolomite; and imme-
diately south of that, St. Cassian and Wengen strata are seen in
place. Exposures of these strata-are, however, better seen in the
Costeana stream and near Peec di Palu. Crepa is faulted on all
sides, and is a part of the overlying rock let down in the midst of
the St. Cassian and Wengen strata.
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The observations detailed above, so far as they go, show that:—

(1) The Cortina district has, in its western part, the closest
tectonic connexion with the Valparola district.

(2) The strata of Tofana Secunda bend round near Cortina by
means of radial faults.

(8) There follows in this nelghbourhood south of the sunken area
of Tofana, a raised system of strata in W]n(,h St. Cassmn Beds now
form the surface-outcrop.

(4) Within the raised system, Crepa occurs as a faulted-down
block of younger beds.

(8) St. Cassian strata conformably underlie Schlern Dolomite in
the neighbourhood of Ospizio in Falzarego; in the other parts of the
map' the St, Cassian Beds are faulted, and come into contact with
the Schlern Dolomite, the Raibl Beds, and the Dachstein Dolomite.

(iv.) The District of the Diirrenstein and the Sarl Alp.
(See Map C, facing p. 32.)

As already mentioned, the district of the Diirrenstein is inter-
mediate between the outer zone of older Trias forming the low
hills south of the Pusterthal, and the sunken ¢ Dachstein’ district
represented here by the great dolomite-massifs of Croda Rossa,
Cristallo, ete.

The Werfen Beds and the Muschelkalk are exposed north-east of
Alt-Prags. The Muschelkalk is repeated three times, at Lung Kofl,
at Mesner Kofl, and at Sarl Kofele ; the strike is always east-and-
west, and the dip southerly. Faults parallel with the strike of the
beds separate the three systems from one another ; these faults must
be regarded as one system of step-faults, throwing down the strata to
the north and repeating them to the south. I referred, in the general
remarks on the tectonic relations (p. 58), to such step-faulting as
being of frequent occurrence in the outer zone of older Triassic rocks.

The Werfen Beds are exposed north of Badmeister Kofl and
Alwirtstein, and pass over Puez Alp, Sueskopf, and Troger Alp,
eastward to the Toblach Valley. At Badmeister Kofl and Alwirt-
gtein, Lower Muschelkalk, Mendola Dolomite, Upper Muschelkalk,
Buchenstein strata, and Wengen Beds succeed the Werfen Beds
regularly, the lower strata dipping at a very high angle southward,
the higher strata not so steeply (strike W.N.W. and E.8.E.).

The Wengen Beds form the Kameriod Wiesen and extend south-
ward towards Heimwald Kol. Heimwald Kofl is a steep cliff of
Mendola Dolomite rock, succeeded on Schafried! by highly-contorted
beds of Buchenstein, Wengen, and St. Cassian age. The general
strike of this system is north-eastward, the dip south-easterly. A
fault therefore separates the systems of Heimwald Kofl and Schaf-
riedl from the Kameriod Wiesen.

The Mendola Dolomite of Lung Kofl meets in the Lung Valley the
Buchenstein and Wengen strata of the outer system. Again,in the
ravine between Lung Kofl and Mesner Kofl, Buchenstein and Wen-
gen strata occur, Here they have a very high dip and are much
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crushed and folded between fault-lines both north and south. The
Lung Valley outcrop is less disturbed, the Mendola Dolomite of
Lung Kofl being merely the continuation of the Alwiirtstein system
thrust forward.

On the southern side of Mesner Kofl the Buchenstein and Wengen
Beds on the Sarl Alp are again faulted down below Sarl Kifele.
The strata of sll three systems, Lung Kofl, Mesner Kofl, and Sarl
Kofele, have a north-easterly strike and dip to the south-east.
The same transverse fanlt which is observed in the Lungthal may be
followed southward between the Kameriod Wiesen on the downthrow
side and the Sarl Alp and Mesner Kofl succession on the upthrow.

From Lung Kofl the outcrop of Mendola Dolomite and Lower
Muschelkalk is continued eastward over Sarl Kofl and Sarl Brand
to the Toblach Valley. On both sides of the Ampezzo road, from
Lake Toblach to Schluderbach, dolomite is present, nowhere inter-
rupted by marly strata. The dolomite-rock of Sarl Kofl and Sarl
Brand strikes north-east and dips south-east; this changes, how-
ever, south of the Sarl Bach, for the Mendola Dolomite which
forms the lower part of Nockboden strikes north-west and dips
south-west.

Lastly, wedged in between Sarl Kofl, Sarl Brand, Nockboden,
Kasamiitz, and Mesner Kofl, we find Buchenstein and Wengen
strata on the Sarl Alp, and they have much the same tectonic
relations to the Mendola Dolomite around them as the outerop
between Lung Kofl and Mesner Kofl. Here, however, the strata
are thrown down by a triangular break.

Summarizing these observations, we find therefore the system of
older beds from Prags to the Toblach Valley broken up into three
main sub-systems by two transverse faults :—

a. b, e
Alwiirtstein. Lung Kof. Sarl Kofl.
Kameriod Wiesen. Mesner Kofl. Sarl Brand.

| Sarl Kéfele—Sarl Alp. Nockboden.

Sarl Brand is somewhat sunk from Sarl Kofl towards the Toblach
Valley ; the fault may be followed farther north in the Werfen Beds
exposed in the Troger Bach.

Looking southward from the Sarl Alp beyond the low dolomite
escarpment which extends (although in some places more or less
eroded) from Sarl Kifele to Nockboden, the view is entirely shut in
by the Diirrenstein massif. This massif is of Schlern Dolomite rock
and lies conformably upon the St. Cassian strata exposed on the
Flodiger Wiese. The St. Cassian strata of the Flodiger Wiese rest
apparently conformably upon the dolomite-rock of Sarl Kifele and
of Kasamiitz. Regarding the dolomite here as Mendola Dolomite,
the following section is obtained (in descending order):—

Schlern Dolomite of the Diirrenstein,
St. Cassian strata of the Flodiger Wiese.
Mendola Dolomite of Sarl Kofele and Kasamiitz.
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At Nockboden, where St. Cassian strata are no longer present,
the section, according to the same reading, would give :—

Schlern Dolomite.
Mendola Dolomite.

This is, so far as mere succession of beds goes, a case exactly
analogous to the succession in the Tiers Valley, the Rosengarten,
and other massifs of the western region. It has been proved in
that district that the strata which in many other places intervene
between the Mendola Dolomite and the Schlern Dolomite thin out
gradually in a continuous development of dolomite. And this very
natural explanation has also been applied to the distriet north of
the Diirrenstein. The evidence which previous authors have found
in the latter district is largely based on the appearances at Mesner
Kofl and at Sarl Kofele; these are regarded as dolomitic masses
belonging to Wengen or St. Cassian time and thinning out in the
marls or shales of the Sarl Alp and of the Kameriod Wiesen, a con-
formable succession being thus presented from the Diirrenstein to
Lung Kofl (in descending order):—

Diirrenstein ...ccoovvveevverniniiinnnee Dolomite (by some regarded as St. Cassian
Dolomite).
Flodiger Wiese....v.covvunenrraaennnnn St. Qassian strata (non-dolomitie).
Sarl Kofele ......ocovvinniienieinnen. St. Cassian or Wengen Dolomite.
R Wengen strata (non-dolomitic), with eon-
%Z:aslntll'PKoﬁ ....................... { temporaneous
Reef-dolomite.
Intervening Valley ... .....cc....... Wengen and Buchenstein strata (non-
dolomitic).
Lung Kofl.......coooviiniiinnaninnns Mendola Dolomite.

According to the same view, the non-dolomitic strata are repre-
sented above the Toblach Valley by a dolomitic facies continuously
developed during all the periods that elapsed between the laying
down of the Mendola Dolomite and of the Raibl strata.

The dolomite-rock of Mesner Kofl is, according to the succession
quoted, a Wengen Dolomite, and not Mendole Dolomite. As yet
no fossils have been found in it, but in the districts east and west
Gyroporella pauciforata, a Muschelkalk form, occurs frequently in a
dolomitic rock which has also been assigned to the Wengen period.

With respect to the dolomite of Mesner Kofl I can only bring
forward stratigraphical evidence. As I have already said, and as
may be seen in my map, the Buchenstein and Wengen Beds which
are exposed in the valley between Lung Xofl and Mesner Kofl are
strongly crushed and sheared. The Wengen Beds come in contact
with the dolomite-rock of Lung Kofl on the ridge, while lower down
on the western slope the Buchenstein Beds are in contact with that
of Mesner Kofl. Farther east, on the eastern slope of the Sarl Alp,

"the Buchenstein and Wengen Beds are cut off against the dolomite
of Mesner Kofl, and have a different strike from it and from the
outcrop of the same beds on the western slopes.
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South of Mesner Kofl large blocks of the characteristic Buchen-
stein limestones with siliceous secretions are found on the grassy
slope, and on the Sarl Alp Wengen Beds are in place. Nowhere
is it possible to see the thinning-out of the Mesner Kofl dolomite-
rock in the series of Buchenstein and Wengen strata, and we are
confronted therefore by two stratigraphical possibilities :—

(1) The dolomite of Mesner Kofl may be a reef-dolomite thinning
out in Buchenstein and Wengen strata, although, owing to later
faulting, the relations of dolomitic and non-dolomitic beds have been
obscured.

(2) The dolomite of Mesner Kofl may be Mendola Dolomite
brought into its present position as the axis of a small antielinal {fold
embracing the whole system between Sarl Kafele in the south and
Lung Kofl in the north, This anticlinal fold is the result of crush,
and is broken in several places by fault-planes.

The same conclusions are applicable with slight differences to the
case of the Heimwald Kofl dolomite-rock and its relations with the
Kameriod Wiesen system of non-dolomitic rocks.

The dolomite of Sarl Kifele (below the St. Cassian strata) and of
Kasamiitz (also underlying Cipit Limestones probably of St. Cassian
age) forms a no less debatable point. Thinning-out of the dolomite
in bedded limestones and shales is said to occur between these two
prominent rocks. But the limestones and shales which are exposed
do not occur in the same direct east-and-west line with the dolomite,
and their exposure might be explained as the result of erosion.
Leaving this for the present, we find that below Kasamiitz the whole
of the Sarl Alp system of strata is cut off against the dolomite.
This system is also cut off north and south above the rocky ravine
of Surl Bach, so that nowhere is thinning-out of the Sarl Alp
non-dolomitic strata directly observable.

The St. Cassian strata above Kasamiitz are still very thick, nor
are they observed to thin out gradually in the dolomite of Nock-
boden. In short, the disappearance of the Buchenstein and Wengen
strata on the Alpe below and of the St. Cassian strata on Kasa-
miitz is not gradual, but sharp, and takes place exactly in the same
north-and-south line. This is a north-and-south fault-plane sepa-
rating the central or Sarl Alp system (general strike E.—W.) from
the eastern or Toblach Valley system (general strike N.N.W.-8.8.E.).
It may be said that in this case, as at Mesner Kofl, the actual
thinning-out of the strata has been faulted out of sight, and this is
very possible. It is at the same time striking that there should
be a perfectly normal thickness and perfectly characteristic de-
velopment of non-dolomitic St. Cassian strata on Kasamiitz, so close
to the dolomitic facies of Nockboden.

Following the dolomitic rock exposed on Sarl Kifele westward,
it is seen to strike across to Kirchenschroffen, Here it meets
the Schafriedl system of non-dolomitic beds, with which it has no
possible relation of thinning-out. A further complication is infro-
duced by the Diirrenstein system, and the beds at Kirchenschroffen
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are thrown into a series of large folds, which prove the presence at
one time of important strain between the two large systems—that of
the older Trias of Prags and the Sarl Alp, and that of the younger
Trias of the Diirrenstein massif. The Sarl Kiofele Dolomite dis-
appears finally in Kirchenschroffen, and the Wengen and St. Cassian
strata of the Schafriedl system come in contact, very little north of
Briickele, with the Wengen and St. Cassien strata of the Dirrenstein
system.

If now both Kirchenschroffen and Heimwald Kofl are Wengen
Dolomite, we have (according to the view which accepts for this
district a gradual transition of non-dolomitic into dolomitie strata)
again the following conformable succession between the Diirrenstein
and the Kameriod Wiesen :—

Locality. Nature of Rock. Probable age.

. . Dolomitie. :
Diirrenstein. Non-dolomitic. } St. Cassian.
Kirchenschroffen. Dolomitic. ’
Schafried]. Non-dolomitic. l w
Heimwald Kofl. Dolomitic. engen.
Kameriod Wiesen, Non-dolomitie, J

Buchenstein and older Trias.

But below Kirchenschroffen the non-dolomitic strata are St.
Cassian with beds of Cipit Limestone, and they are the same
beds as those which apparently follow conformably above the dolo-
mite of Sarl Kofele and below the dolomite of the Diirrenstein ;
hence, even if we accept the view of facies-developments, we must
rather consider the Kirchenschroffen and Sarl Kifele Dolomite as
a dolomite-bed in the St. Cassian marls, such as we have at
the Richthofen Riff, in marls of the same age below Sett Sass.

From the already-mentioned tectonic features and the marked
disturbance and folding of the strata on Schafriedl, I find it much
harder to explain the dolomite-rock of Kirchenschroffen and Sarl
Kifele as ¢8t. Cassian Dolomite’ than the Richthofen Riff; the
latter is a bed of dolomite which is seen to thin out gradually and
regularly in St. Cassian marls and limestones. Again, the non-
dolomitic strata above the Heimwald Kofl are present in normal
thickness ; on the Sarl Alp the succession of non-dolomitic rock
ends with Wengen Beds, but the surface here has been deeply
eroded.

So many difficulties having suggested themselves to me in accepting
the facies-development as a complete explanation of the facts which
I observed, another view may bhe stated as a possible explana-
tion.

‘When examining the dolomite-rock at Nockboden I found that
Gyroporella pauciforate, the typical fossil of the Mendola Dolomite
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(Muschelkalk), occurred at a considerable height above the Toblach
Valley in the Sarl Bach ravine; it also occurs in the dolomite on
both sides of the valley nearly as far south as the bridge below
the Flodiger Wiese. On the other hand, the ascent to that Wiese
cuts through a dolomite which is unquestionably Schlern Dolomite,
often possessing the oolitic structure characteristic also of the
Wetterstein Kalk in Northern Tyrol. I concluded that Schlern
Dolomite rests on Mendola Dolomite at Nockboden, although an
exact limiting-line can naturally not be drawn.

Assuming that the Sarl Kifele and Kasamiitz dolomite-rock is
Mendola Dolomite, the St. Cassian Beds of the Flodiger Wiese rest
on the last-named horizon. They dip below the Schlern Dolomite of
the Diirrenstein, and on the western slopes of that mountain, towards
Stolla, rest conformably upon Wengen strata. We have, between
the Flodiger Wiese and the Diirrenstein, a fault-plane hading gently
to the south, on which & system of Upper Trias has been thrust
down upon a system of Lower Trias. A thrust of that kind explains
the apparent unconformity of the St. Cassian Beds and the Schlern
Dolomite upon the Mendola Dolomite.

The north-and-south vertical fault, which separates the system
of strata exposed on the Sarl Alp and Kasamiitz from that of
the Toblach Valley, is of later date, and cuts through the thrust-
plane.  This fault lets down the Schlern Dolomite and Mendola
Dolomite which form the Nockboden system. On the western
side the thrust-plane system is cut off at Kirchenschroffen by the
continuation of the north-and-south fault between Lung Kofl and
the Kameriod Wiesen. It may be that there is a farther extension
east and west of this thrust-plane, and in the subsequent changes
brought about by vertical faulting we may have an explanation
of the various anomalies in the neighbouring regions.

In the four sections 10-13 (pp. 34, 35) I have shown the result
of my observations at the Diirrenstein, and can only regret that
time did not allow of my continuing the study of the geology farther
west. With the same inclination and throw of the thrust, Dachstein
Dolomite and Raibl strata of the upper system would rest on
Schlern Dolomite of the lower; but I need not enter into con-
siderations which do not immediately concern the district mapped.
I have already indicated, in my preliminary remarks (p. 60) on the
district between the northern outer zone and the Falzarego Valley,
the general tectonic features, as I should interpret them after
detailed study of some portions.

The tectonic relations of .the Diirrenstein massif are simple. It
is separated from the ¢ Dachstein’ region by a main north-and-
south line of fault, continued slso across the Ampezzo Valley at
Schluderbach.

The road between Alt Prags and Schluderbach bends eastward
at Briickele, and winds round the base of the Dachstein massif of
Rauhe Gaisl on the right. Wengen and St. Cassian strata are in
place on the left, with an east-and-west strike and a slight southerly
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dip. The St. Cassian strata are the same as those which dip below
the Diirrenstein along its northern face, and here also the Schlern
Dolomite follows conformably above them. Several south-west and
north-east faults of small throw let down the Schlern Dolomite
and the underlying strata at this northern corner. The St. Cassian
and Wengen strata which form the base of the valley are faulted
against the Dachstein Dolomite on the west.

Farther up the valley, towards the Plitz Wiese, the road passes
through Schlern Dolomite, but towards the summit the Raibl strata
form steep slopes below the road, cut by stream-gullies and slipped
in various directions, .

On the Plitz Wiese Raibl strata are exposed in conformable
succession upon the dolomite descending from the highest ridge of
the Diirrenstein. The beds strike north-west and south-east, and
dip south-west. On the steep wooded slope between Stolla and
the road, the dolomite and the St. Cassian strata of the first
system strike against the slipped Raibl Beds which form part
of a second system. This fault passes then through the dolomite
itself in a general north-east and south-west direction, and although
it cannot be followed in the dolomite, the strike of the two systems
differs as mentioned.

The Raibl Beds above Stolla do not properly belong to the strike-
system of the Plitz Wiese and the Willsche Boden farther south,
but are plainly the remains of a big slip at some former period from
the rocks of the Diirrenstein above the Wiese.

Dachstein Dolomite follows conformably above the Raibl strata
on the Willsche Boden (see pp. 41, 42, and fig. 14), and the whole
Plitz Wiese system is, like the first system, faulted against the
Dachstein Dolomite to the west.

The road continues southward on beds of dolomitic flags, which
underlie the red Raibl marls on the meadow, and only very
gradually descends towards the new fort. Here a rocky ridge
running west from the Hellthaler Schlechten spans the Plitz
Wiese and slopes steeply south towards the Seeland Valley. The
dolomite-flags and Raibl marls bend up on the northern slope
towards Knollenkopf. On the ascent to Knollenkopf from the Plitz
Wiese they are succeeded conformably by rauchwackes and Dach-
stein Dolomite, but on the Seeland Valley face of the ridge the
beds of the Lower Raibl horizon meet the north-and-south fault from
the Willsche Boden and are cut off against Dachstein Dolomite.
Again, as at Stolla, the ¢ Plitz Wiese system ’ is let down by a fault
running east-and-west and continuing into the Schlern Dolomite of
the Diirrenstein, On the southern side of this fault, an upthrow of
St. Cassian strata forms the base of the Seeland Valley and is
succeeded eastward by Schlern Dolomite on Strudelkopf. This
southerly system of the Diirrenstein strikes N.N.W., and dips with
varying angle to N.E.; it is separated by the continuation of the
north-and-south fault from the Dachstein Dolomite of Knollrnkopf
on the west (see fig. 9, p. 32). The *Strudelkopf system’ is
broken by several small cross-faults which bring down the
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St. Cassian strata and overlying dolomite repeatedly to the south, so
that, although a comparatively small thickness of St. Cassian strata
is exposed on the Alpe, their outerop continues very nearly as far
as Schluderbach. Then, however, the north-and-south fault has on
the western or downthrow side Dachstein Dolomite, and on the
eastern or upthrow side the Schlern Dolomite of Strudelkopf and of
Monte Pian farther south.

The most important tectonic relation is that brought out by the
north-west and south-east fault which separates the Diirrenstein
massif from the ¢Dachstein Dolomite . region’ of Rauhe Gaisl,
Schlecht Gaisl, and Hohe Gaisl (Croda Rossa). These form part of
the sunken area west of the Dirrenstein. The Knollenkopt is a
mass of Dachstein rock, let down between two branches of this
main fault, the westerly branch passing through the Knappenfuss
Valley.

Do{vnthrow of the strata has taken place also on the eastern side
of the Diirrenstein. The Sarl Brand, as already mentioned, is sunk
from the Sarl Kofl, and the Muschelkalk faulted down ; the Nock-
boden is sunk from Kasamiitz and the Sarl Alp; and towards
Landro the eastern part of the Diirrenstein is sunk from the main
ridge. By this north-and-south fault through the Diirrenstein, an
apparently much greater thickness of Schlern Dolomite is seen
above the Toblach Valley than on the northern or western sides.
No part of this thickness is due to Mendola Dolomite, as, for
instance, is the case south of Schlern ; in the Diirrenstein massif,
the only place where Mendola Dolomite underlies Schlern Dolomite
is at Nockboden.

We have, therefore, sunken massifs both west and east of the
Diirrenstein ; that mountain itself remains at a higher level
hetween the two, and may be called a ‘Horst’ in the sense
originally applied by Suess.' At the same time the ¢ Diirrenstein
Horst’ borders on the ¢ Dachstein’region, and this nearness to the
important fault finds expression, especially on the western side, in a
number of smaller faults.

In the Plitz Wiese system, the strata are sunk much lower in
the south-western portion near the ¢ Dachstein ’ region than in the
eastern or Diirrenstein-ridge portion, and in the Strudelkopf system
we find repeated sinking of the strata southward, towards the
Dachstein Dolomite massif of Monte Cristallo.

.
Discussion.

Mr. J. W. Grecory remarked on the many questions of interest
which this paper affected. The Authoress’s work had destroyed faith
in the most famous fossil atoll, doubts as to which had been pre-
viously suggested by paleontological and stratigraphical considera-
tions. Careful zonal collecting in these beds was greatly needed, as
in the three principal collections (Vienna, Munich, and London)
the fossils are simply localized es St. Cassian. The fauna, with its

1 ¢ Antlitz der Erde,’ 1st ed. 1885, vol. i. p. 167.
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abnormal forms such as Tiarechinus, suggested an unfavourable
environment, and the speaker hoped that Miss Ogilvie’s work would
demonstrate whether these were due to deep-sea or lagoon con-
ditions.

Mr. VaveraN JEwnines said that any geologist who knew the
country of the Schlern, the Lung Kofl, and the Sella Joch would
welcome new evidence on the stratigraphy of the district. If
the area of discussion were widened, as it had been by previous
speakers, to include the Western Alps, it should also include the
Southern. In the Ligurian region, which he had recently been able
to examine, there was a sudden thinning-out of dolomite-reefs
similar to that of the Tyrol—forinstance, Monte del Gazo near Genoa.
Here, careful examination and mapping precluded the idea of simple
faulting ; at any rate, later than the Eocene. If it were a system
of faults which here caused the thinning-out of the dolomite, it was a
very ancient series of earth-movements, not a recent one.

Mr, TorLry remarked that whilst one important result obtained
by Miss Ogilvie was to fix the position of the Schlern Dolomite
between ‘the St. Cassian and Raibl strata, her observations at the
same time showed that masses of dolomite occurred at other horizons ;
for instance, the Cipit Limestone lies in the Lower 8t. Cassian Beds,
whilst the Richthofen Riff is a lenticular mass of dolomite in the
Middle 8t. Cassian.

The Rev. J. F. Brake also spoke.
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