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Abstract The Triassic in the “Médianes rigides” Nappe of
the Swiss Prealps, belonging to the Briangonnais realm of
the Western Alps, consists of a several hundred meters
thick carbonate succession. At the localities Wiriehorn and
Rothorn, 650 m above sequence base, the Costatoria
goldfussi limestone, a remarkable coquina and widespread
transgressive marker bed, yields the key conodont
Sephardiella truempyi (HIRSCH), a proxy for the Curionii
- lower Gredleri ammonoid Zones (Early Ladinian). This
new discovery has deep implications on the age of the
different Triassic formations in the Swiss Prealps and for
its correlation with other tectonic units. The newly estab-
lished Pralet Formation in the Swiss Prealps comprises the
Balmi Member with the Lower Ladinian Costatoria gold-
fussi limestone at its base, followed by the dolomitic
breccias of the Ladinian Erpilles Member. Below the S.
truempyi level, both the mighty platform carbonate
sequence of the Wiriehorn Formation in the Swiss Prealps,
and of the coeval Champcella Formation in the
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Brianconnais realm, are reassigned here to the Late Ani-
sian. In our revised correlation, the Costatoria goldfussi
limestone corresponds to the main flooding surface (MFS)
of the large marine transgression that correlates biostrati-
graphically the now well dated Upper Muschelkalk trans-
gression in Provence, Sardinia and Spain with the basal
Ladinian type locality at Bagolino in the Southern Alps.

Keywords Carbonate platform - Anisian - Ladinian -
Costatoria goldfussi limestone - Large marine
transgression

1 Introduction

Itis a century ago that Alphonse Jeannet (1912—1913), in his
impressive “Monographie géologique des Tours d’Ai”,
described in detail the Middle Triassic stratigraphy of the
Swiss “Préalpes Médianes” along the West bank of the
Rhone Valley near Aigle. He herein proposed the strati-
graphic correlation of the Triassic exposures with those that
were already known at that time from more internal zones of
the Alps. Also, while studying the NE of the Prealps, Jeannet
and Rabowski (1912) found for the first time the level with
the bivalve Myophoria goldfussi at the top of their Middle
Triassic “écaille du Twiriehorn” (=Wiriehorn thrust sheet, 6
in Fig. 1). Almost half a century later, Ellenberger (1950),
restudying Jeannet’s collections, discovered the close
affinity between the Triassic sections in the Swiss Prealps
with those of the Briangonnais (Western Alps).

1.1 Geological frame of the Swiss Prealps (Fig. 1)

The Swiss Prealps represent a stack of nappes that was
thrusted from the south over the Molasse foreland and

) Birkhauser
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«Fig. 1 Simplified geological map of the Prealps thrust sheet of
Western Switzerland with the position of the studied sections that
belong to the Middle Triassic units of the “Préalpes médianes
rigides” tectonic unit (modified, after Bill 1998). / Mont d’Or section
studied by Botteron (1961). 2 Rocher Plat section, type locality of the
new Pralet Formation. 3 Rocher de Raye section, locality of the new
Erpilles Member. 4 Wildgrimmi section, type-locality of the Wild-
grimmi Member and reference section for the Wiriehorn Formation. 5
Seehorn section studied by Genge (1958). 6 Wiriehorn section, type
locality for the Wiriehorn Formation, the Bodeflue Member and the
Balmi Member

Ultrahelvetic domains of the Alpine belt. From NW to SE
they consist of:

— The External nappes Dranse and Gurnigel, Médianes
Plastiques, Simme and Gets;

— The Internal nappes of “Préalpes médianes Rigides”
and “Breche nappe” that are themselves thrusted over
the Wildflysch of the “Zone Submédiane” and Niesen
nappes (Fig. 1).

The “Préalpes médianes”, both “Plastiques” and
“Rigides”, are a Triassic domain in Western Switzerland,
belonging to the exotic Briangonnais micro-plate that col-
lided with the southern European margin since Late Cre-
taceous times.

The reinvestigated Middle Triassic sediments occur only
in the internal “Préalpes médianes Rigides” (Fig. 1).

1.2 Previous research in the Middle Triassic
carbonate succession of the the Swiss Prealps
(Fig. 2)

Since the earlier work of Pia (1912), Dasycladacean cal-
careous algae became very useful to the biochronology of
Triassic shallow water carbonate platforms. In his synthesis
on the Triassic of the Briangonnais, Ellenberger (1958)
subdivided the Middle Triassic carbonate platform using
three superposed Dasycladacean associations:

— Early Anisian: Oligoporella association,
porella occidentalis Botteron, 1961);

— Middle-Late Anisian: Physoporella praelpina and
Diplopora annulatissima association;

— Ladinian: Diplopora uniserialis
lotharingica association.

(=Aniso-

and Diplopora

At the top of the Dasycladacean sequence, the
Myophoria (=Costatoria) goldfussi level appears. This was
correlated by Ellenberger (1958) with the well-known
Goldfussi-coquina in the Germanic Lettenkohle (basal
Keuper), and considered Late Ladinian to Early Carnian.

In the Prealps, the biochronology of Ellenberger (1950)
was followed by Genge (1958) and Botteron (1961) for the
Middle Triassic carbonate succession. Two decades later,

in their synthesis of the Western Alpine Triassic, Baud and
Mégard-Galli (1975) and Mégard-Galli and Baud (1977)
still used the same time scheme, but subdivided the Middle
Triassic carbonate succession in three cycles (I to III) that
correspond to the following three units (Figs. 2, 3, 4):

1. the Anisian St. Triphon Formation (CI);

2. the Early Ladinian Champcella/Wiriehorn Formation
(CID);

3. the Late Ladinian-Early Carnian “couches a C.
goldfussi” (CIII).

2 Triassic lithostratigraphy of the Swiss Prealps

The Briangonnais-type Triassic deposits in the Swiss Pre-
alps reach a maximum thickness of about 1100 m (Fig. 3).
The Lower Triassic consists of mature quartz-arenite. The
Middle Triassic is built up of three transgressive—regressive
(T-R) cycles of rapidly succeeding shallow marine car-
bonates of cyclic nature. The Upper Triassic sediments,
made of evaporites, are topped by a shallow marine, partly
dolomitic carbonate platform.

The three Middle Triassic cycles correspond to litho-
logical units that start and end under emersive environ-
mental conditions. The first author successfully applied this
scheme during the geological mapping campaigns of the
Middle Triassic in the Swiss Prealps (Baud in Lombard
et al. 1975, Baud, in Furrer et al. 1993; and see Online
Resource 1).

Some formations and members have been previously
named after respective type localities in the Prealps or the
Briangonnais (Baud and Mégard-Galli 1975; Mégard-Galli
and Baud 1977; Baud 1984, 1987). The type localities and
sections of the new formal units, proposed here for the
Prealps (Fig. 3), are described in the Online Resources 1, 2,
Figs. a, c and e, and 3, Fig. g).

These three Middle Triassic cycles, established by Baud
and Mégard-Galli (1975) correspond to 3rd order T-R
eustatic cycles, as in Courel et al. 1998 and in Franz et al.
2015.

2.1 Cycle CI: “Formation de Saint-Triphon”

The St-Triphon Formation (Baud 1984, 1987), corre-
sponding to the first cycle, is characterized by shallow-
water limestone that yields the dasycladacean Physoporella
prealpina, and Diplopora annulatissima association. The
discovery of the ammonoid Beyrichites cadoricus in the
upper part of the St-Triphon Formation (Baud 1984, 1987)
provides a Middle Anisian age constraint (Monnet et al.
2008). The same age was previously attributed to the first
conodont finding in the Prealps, presumably “Gondolella”



368

A. Baud et al.

?mombergensis (Baud et al. 1968) The presence of
ammonoids and conodonts in this very shallow sequence
point to a transgressive peak in the upper part of the For-
mation, which could correspond to the Middle Anisian
Balatonicus ammonoid Zone (Fig. 4).

2.2 Cycle CII: “Formation du Wiriehorn” (alias
Champcella; Online Resources 1 and 2)

The Wiriehorn Formation (Baud and Mégard-Galli 1975;
Baud, in Furrer et al. 1993; Online Resources 1 and 2 for a
description) represents the mightiest Briangonnais Middle
Triassic carbonate cycle (between 250 to 330 m) and is
built up by a set of restricted upwards-shallowing carbon-
ate para-sequences, 20 to 50 m thick (banded lime-
stone = Wildgrimmi Member, Online Resource 2, Figs. b
and c), capped by a 20-80 m thick peritidal regressive
dolostone (“Dolomies claires” = Bodeflue Member,
Online Resource 2, Fig. d and e) ending with mud-cracks
dolostone beds. The Wiriehorn Formation is equivalent
with the “Formation de Champcella” in the Brianconnais
(Mégard-Galli and Baud 1977; Online Resource 1). The
revised age proposed herein for this interval is Late Anisian
(see Chap. 3).

2.3 Cycle CIII: “Formation du Pralet “ (Online
Resources 1 and 3)

Mégard-Galli and Baud (1977) having not provided a
formation name for this cycle, we propose herein the Pralet

Fig. 3 New composite section of the Triassic units of the Westernp
Swiss Prealps (“Médianes plastiques and Médianes rigides”). In red,
the position of the studied “goldfussi” unit. mfs main flooding
surface. Numerical age according to the Triassic time chart, in Ogg
et al. (2016)

Formation for the Prealps. This “Formation du Pralet”
overlies conformably the Wiriehorn Formation.

It encompasses two members: the new Balmi and
Erpilles Members. Transgressive from the bottom, the
Balmi Member (Online Resources 1 and 3) starts with light
coloured dolo-grainstone, followed by the large transgres-
sive unit of the “Couches a Costatoria goldfussi” that
represents the peak of the transgression (MFES). It ends with
the sudden appearance of crinoidal limestone, with a brown
dolomite at its top.

The second member, the Erpillles Member, starts with
terrigenous yellowish clay (mudstone). This sudden ter-
rigenous input was previously interpreted as the base of
a new cycle (Cycle IVa, Mégard-Galli and Baud 1977).
But it is at present interpreted as the continuation of the
high-stand deposit of Cycle III that consists of the thick,
partly brecciated, dolomite of the Erpilles Member. We
propose a Ladinian age for the Pralet Formation time
interval, with the Balmi Member being Early Ladinian
(Fig. 3 and Online Resources 1, 2 and 3 for further
details).

2.4 The three Upper Triassic cycles (Fig. 3)

Cycle CIV corresponds to the “Complexe de Clot-la-
Cime” in the Briangonnais s.str. (description by Mégard-

STAGES Prealps Time charts Prealps Germanic basin
Ma Previous This paper |Cycles Litho-units/Members units
1 Upper Evaporitic
230 complex
CARNIAN “Clot la Cime”

8 Lower
O 7 Lower dolomitic cIv

i breccia complex| Evaporitic "
‘T) Upper | 90/dfussi Iste. complex Evaporitic complex Keuper
w 240_| LADINIAN | Champcella/ | = = — — Nl e e oTe i v Lettenkohle
< Lower | Wiriehorn Pralet clu complex
— ] goldfussilimestone Upper Muschelkalk

) a.q Light dolomite
oc 1 Upper Wiriehorn | CIl | 0 imestone Middle Muschelkalk

1 ANISIAN :
F _ Middle | St-Triphon Andonces LowerMuschelkalk

Bver St-Triphon | C| Lessus Rot

. Dorchaux

| OLENEKIAN | Upper Buntsandstein

] Lower

250 White
INDUAN Quartzites

Fig. 2 Stratigraphic chart showing the previous (ref. in the text) and the revised age attribution of the lithological units of the Swiss Prealps and
the Briangonnais and their comparison with the Germanic basin units according to Franz et al. (2015)
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Galli 1972; Mégard-Galli and Faure 1988) where it com-
prises two evaporitic complexes (anhydrite and gypsum),
whereas only one is present in the Prealps, with detrital
Equisetum shale and sandstone followed by an upper
brecciated dolomite complex, partly Carnian in age
according to Mégard-Galli and Faure (1988).

The Cycle CV is made of medium bedded blond dolo-
mite that is correlated with the Norian “Hauptdolomit” of
the Eastern and Southern Alps (Jeannet 1912).

The Cycle CVI (Plan Falcon Formation) is marked by the
large transgression of the Rhaetavicula limestone (bivalve
coquina) characterizing the Rhaetian stage (Jeannet 1912).

Tethyan
ammonoid
zones STAGES| Formations | Lithology) Conodonts | Calcareous [Ammonoid
genus species algae
=
sz
=z
aon o
< Erosion
o ?
canadensis )
c
regoledanus - O
| 2 0 = v A&
neumeyri| < w S ~ v
12| g8 ==
lombardicum| @Q (o) v a
j 18 4
|
gredleri > 2
margaritosum S.truempyi |
curionii ‘ o
o —
Nevadites | L
500m D. unzser{alzf
D. lotharingica
Reitzites c S
_8 =
. Z| og
Kellnerites =4 = =
n S0 [~ ~
, Z L |
trinodosus <
Paraceratites
S. binodosus ~.a—— B
Balatonites B. cadoricus
balatonicus o | G.mombergensis| py 1o o '
e Xe) o 0 I 3 P Ini
L o . prealpina
ismidiscus _Q.E _______
Kocaelia osmani [ g 100m A. occidentalis
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ugra | 2L 3
subrobustus | ¢ 0 v
w &
. 2
pakistanum |
-
cassianus (@]

Fig. 4 New composite section of the Middle Triassic of the
“Préalpes medianes Rigides” thrust sheet, with the position of
conodonts, of calcareous algae and of ammonoid occurences. Age not

in scale and caption in Fig. 3. Tethyan ammonoid zones modified
from Balini et al. (2010)
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Fig. 5 Position of the samples within the Balmi Member from three
sections of the Wiriehorn—Rothorn thrust sheet (Online resources 1
and 2). Conodont samples in red. Stratigraphic columns: / Rothorn,
“Lyss Hiitte” section, coordinate: 46°33/9.96"N 7°27'45.67"E; 2

3 The Prealps “Couches a Costatoria goldfussi”:
new conodont age constraint for the Balmi
Member of the Pralet Formation (Fig. 3)

The “Couches a Costatoria goldfussi” form the bulk of the
Balmi Member of the Pralet Formation in the Prealps
(Fig. 3). Corresponding to the transgressive lower part of
cycle CIII, it overlies undisturbed the Wiriehorn Formation
(Champcella in the Briangonnais). These Costatoria gold-
fussi marker beds can be followed all the way down to the
Mediterranean coast (Mégard-Galli and Baud 1977). It is
most often dolomitized in the Western Alps.

In the Seehorn section (Fig. 6), just north of the Rothorn
thrust sheet, Genge (1958) described and illustrated
Myophoria goldfussi, as well as Pectinids, Cyprinids,

Riprechtifluh, road section, coord.: 46°35'7.00"N 7°30'3.36"E; 3
Wiriehorn, Balmi section, coord. 46°35’'8.50"N/7°31/36.49"E. Levels:
a top of the “Dolomies claires” unit; b C. goldfussi Limestone unit;
¢ base of the “Dolomie brune” unit. Caption in Fig. 3

Dentalids and Aviculids. He also mentioned crinoids with
Encrinus liliiformis and a Solenopora algae.

Its faunal content in the Vanoise area of the French Alps
has been described and illustrated by Ellenberger (1958).
Among the bivalves, this author proposed the use of
Myophoria goldfussi var. alpina as a marker. Bivalves
comprise smooth Myophorids, Pachycardia and Trigon-
odus. Among gastropods figures Omphaloptycha (or Gei-
nitzia) cf. escheri.

Dolomitized “Couches a Costatoria goldfussi” are
present in most of the Swiss Prealps “Préalpes médianes
Rigides™ thrust sheets (Botteron 1961; Genge 1958), but in
the Eastern part of these Prealps they show rare but inter-
esting limestone outcrops (Diemtigtal, sections 1, 2 and 3
in Figs. 5, 6). There, in-between dolomitic layers, the
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Fig. 6 E-W Google Earth view-3D in the SSW direction of the upper part of the Diemtigtal Valley. Geographic situation of the three sections 1,
2, 3 placed on Fig. 5. Coordinate in Fig. 5 caption. Seehorn is the Genge (1958) locality (5 in Fig. 1)

5-10 m thick Costatoria goldfussi interval represents a
level of lime-wackestone with some cherts in the lower part
(Fig. 5), capped by crinoidal lime-packstone.

During our quest in these uppermost limestone of the
Wiriehorn-Rothorn Middle Triassic thrust sheet, we were
lucky to find the key conodont Sephardiella truempyi that is a
proxy for the Early Ladinian curionii zone (Brack et al.
2005). Previously, this limestone was correlated with Upper
Ladinian to Lower Carnian units of the Germanic Triassic.
The new finding and description (see below) of the conodont
Sephardiella truempyi within these “Couches a Costatoria
goldfussi” from the top of the Rothorn section (1, in Figs. 5
and 6: Online Resources 1 and 2 Fig. ¢) and of the Twiriehorn
(Wiriehorn) section (3, in Figs. 5, 6; Online Resources 1 and
2 Fig. e) provide an Early Ladinian age as discussed below
and in the Chap. 5. All the productive samples are coming
from these upper limestone beds and among all the extracted
conodonts, those originated from a singular thick bed of the
“Lyss Hiitte” section (1 in Fig. 5, Fig. 7, red star; Online
Resource 2, Figs. b and c) are illustrated in the Fig. 8.

Consequently, this Costatoria goldfussi limestone level
near the top of the first thick carbonate succession of the
Briangonnais realm, is of Early Ladinian age. The overlying
monogenic and synsedimentary dolomitic breccia still con-
tains Costatoria goldfussi shells (Genge 1958) and

represents the Erpilles Member of the Pralet Formation
(Online Resources 1 and 3). This unit is now to be considered
of Ladinian age instead of Carnian, as it was assumed in
earlier publications (Fig. 2: previous and this paper charts).
Remark: As a result of the establishment of the Global
Stratotype Section and Point (GSSP) at the onset of the
Curionii ammonoid Zone in the Bagolino section by Brack
et al. (2005), the Anisian-Ladinian boundary was shifted
upwards by up to three ammonoid zones. Getting younger,
the Upper Anisian part of the Brianconnais includes now
the Wiriehorn (Champcella) Formation. This formation,
held previously for Lower Ladinian on the base of the
Diplopora uniserialis and Diplopora lotharingica dasy-
cladacean association (Mégard-Galli and Baud 1977; Baud
1984, 1987), is at present fully comprised within the Upper
Anisian (Figs. 2, 3, 4, this paper). This new age attribution
is apparently also in agreement with the revised Dasy-
cladacean stratigraphy of Granier and Grgasovié (2000).

4 The conodonts
Sephardiella truempyi (HIRSCH 1971) is characterized by

acuminate platform elements with an amygdaloid or
ellipsoid basal cavity (Fig. 8). It belongs to the subfamily
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Fig. 7 Outcrop view of the Costatoria goldfussi limestone, “Lyss Hiitte” section of the Rothorn thrust sheet (Locality 1 in Figs. 5, 6). The red
star shows the conodont finding bed, about 60 cm thick (scale = hammer on the right of the star)

Sephardiellinae of the Family Gondolellidae (Plasencia
et al. 2007) that is also characterized by acuminate plat-
form elements with an amygdaloid or ellipsoid basal cavity
(Fig. 8). First classified as Gladigondolella, for its acumi-
nate shape, but possessing a gondolellid multielement
apparatus, the species truempyi was subsequently referred
to the genera Epigondolella Mosher 1968, Carinella
Budurov 1973, Budurovignathus Kozur 1989 and Sephar-
diella March et al. 1990, validated in the first revision by
Sudar (1989). The species Sephardiella truempyi has
smooth platforms devoid of any nodes or denticles. The
conodont fauna from the “Préalpes médianes Rigides”,
found in the “Lyss Hiitte” section of Locality 1, Rothorn
(Figs. 5, 6, 7; Online Resource 2 Figs. b and c), samples Ro
80304, Ro 80305, consists of relatively small specimens
(varying between 0.2—-0.5 mm) which all correspond to the
original diagnosis of S. truempyi (See Fig. 8).

Specimens of S. truempyi, have also been found in the
samples Ri 72302 and Ri 81401 of the Riprechtifluh, road
section (locality 2 in Figs. 5, 6) and in the sample Wi
72702 of the Wiriehorn section (locality 3 in Figs. 5, 6;
Online Resource 2, Figs. d and e). Together with the
extracted conodonts, a great amount of fish remains and
teeth are expected to be studied in a near future.

5 Age of Sephardiella truempyi

Sephardiella truempyi is present in the Buchenstein For-
mation of the Southern Alpine Bagolino section, the GSSP
of the Ladinian stage, defined at the base of the ammonoid
Eoprotrachyceras curionii Zone (Nicora and Brack 1995;
Brack et al. 1999, 2005). At Bagolino, the conodont S.
truempyi is found in a level that is 2.7 m above the base of

the Curionii Zone and 2 m below the Margaritosum
ammonoid Zone, in the Northern Grigna section near
Lecco (Nicora and Rusconi 2007) and at Belvedere (Colle
S. Lucia) in a level that falls into the upper Curionii
ammonoid Zone (Muttoni et al. 2004, Figs. 6, 7). These
authors report that between the upper Curionii Zone and
basal portion of the Gredleri Zone (240-239 Ma), an
abrupt decrease in specific variability occurs, characterized
by the substitution of the relatively abundant Paragondo-
lella and Neogondolella association of the previous sece-
densis—basal curionii ammonoid interval (241-240 Ma),
with an association of fewer species, such as Paragondo-
lella praehungarica, P. gabriellae and Sephardiella
truempyi.

The current Southern Alpine S. truempyi range would
correspond to the middle portion of the Curionii Zone up to
the basal part of the Gredleri ammonoid Zone. These two
zones define the “Fassanian” substage of the Ladinian
(Brack et al. 2005; Hochuli et al. 2015) that can be con-
sidered as the closest approximation of the original his-
torical range of the “Fassanian” (=Buchenstein Beds).

At Felsoors (Balaton), the FAD of the diagnostic S.
truempyi postdates Paragondolella praechungarica, while it
predates the FAD of Eoprotrachyceras (Voros et al. 2003).

In the Northwestern Sardinia, S. truempyi is most
abundant, and is considered by Bagnoli et al. (1985),
Brocard (1991) and Carrillat et al. (1999) as indicative of
the upper Curionii ammonoid Zone (now Early Ladinian).
For Kovacs and Kozur (1980), it is the index conodont of
the Truempyi-range-Zone.

At Aldés de Balaguer in the Catalonian Pyrenees,
Plasencia (2009) and Plasencia et al. (2015) found S.
truempyi together with Pseudofurnishius murcianus van
den Boogaard (1966) in the “Grey Limestone” unit. The



A. Baud et al.

374




Revised middle Triassic stratigraphy of the Swiss Prealps based on conodonts 375

«Fig. 8 Pl elements of Sephardiella truempyi (Hirsch) from the
Rothorn section. Sample 80304 and 80305, 3 and 4 m above base of
Pralet Fm, respectively (Lower Ladinian, Swiss Prealps). All
bars = 0.05 mm (=50 pm). a Right element, sample Ro80304,
specimen K99II_10. Inner and lower views. Note the amygdaloid
basal cavity. b Left element, sample Ro80304, specimen K99II_25.
Upper, inner and lower views. ¢ Right element, sample Ro80304,
specimen K99I1_59. Outer and lower views. d Left element, sample
R080304, specimen K991I1_65. Outer and lower views. e Left element,
sample Ro80305, specimen Ro-80-305-04. Upper, lower and outer
views. f Right element, sample Ro80305, specimen Ro-80-305-08.
Inner and Lower views

FAD of the latter lies within the Early Ladinian ammo-
noid FEoprotrachyceras curionii ramonensis Zone at
Ramon in Israel and at Calasparra in S.E. Spain (Hirsch
1972). Pérez Valera (2016) confirmed this ammonoid to
correspond to the S. Alpine E. curionii species after
careful comparisons.

6 Palaeogeographic significance of the “Couches a
Costatoria goldfussi”

The Costatoria goldfussi level that characterises the Balmi
Member, of the lower part of the Pralet Formation in the
Swiss Prealps yields S. fruempyi that can thus be correlated
with a portion of the lower Ladinian (Fassanian).

In the Germanic basin, C. goldfussi occurs in the
Nodosus ammonoid Zone, which is also Early Ladinian
(Fassanian, Brack, written comm.). The rare occurrence of
S. truempyi, just above the “Cycloides Bank” of the
Meissner Formation, has been claimed (Kozur and Bach-
mann 2005), a statement that we were unable to verify. But
this “Cycloides Bank” interval corresponds to the Lower
Buchenstein Beds just above the latest Anisian Nevadites
ammonoid Zone, with a maximum basin depth according to
Brack et al. (1999).

Recorded within the Briangonnais realm all along the
Western Alps from the Central Swiss Prealps to Franco-
Italian maritime Alps, the “Couches a Costatoria gold-
fussi” are well known in the Triassic of the Provence area
(Southern France), where it corresponds to the Formation
IIT or F of the Provence Upper Muschelkalk (Caron 1967;
Brocard 1991). It is interesting to note that S. fruempyi
occurs in levels with C. goldfussi in both Provence and
Sardinia. It concern the “La Bastide de la Blanque” sec-
tion, North of Toulon (Provence, SE France, Hirsch 1971)
and the “Monte San Giusta”, “Punta del Lavatoio” and
“Cala Poglina” sections of NW Sardinia (Carrillat et al.
1999; Posenato et al. 2002).

Franz et al. (2015), in their palaeogeographical overview
of the Upper Muschelkalk wrote: “the latest Illyrian MFS

is also suggested in Provence and Northwest Sardinia
where nodular limestones and bioturbated limestones
(partly with dasycladaceans) are superimposed by bio-
clastic limestones with the index conodont S. truempyi
corresponding to the Curionii Zone”. This correlates with
the Early Ladinian age assignment of the Upper
Muschelkalk transgression in Provence that is based on the
finding of Ceratites {Cycloceratites} cf. laevigatus by
Urlichs (1997), and confirmed by Durand et al. (2011).

Correlative levels with Costatoria goldfussi have also
been described from the Muschelkalk of Spain (Escudero-
Mozo et al. 2015): during the Anisian—-Ladinian transition,
a marine transgressive peak, well dated with the curionii
ammonoid fauna, onlaps over Variscan foreland (Pérez
Valera 2016). It corresponds to the maximum extent of the
Triassic basins in the Southern Alps and the migration of
ammonoid fauna from the Neotethyan domain to peripheral
seas (Gianolla et al. 1998; Brack et al. 1999).

Costatoria goldfussi rich beds have been found in the
first marine transgressive “dolomie capucin” belonging to
the basal sedimentary cover of the Variscan Massif, South
of the Belledone Massif of the Western Alps (Mégard-Galli
oral communication).

S. truempyi is reported at Tarasci (Turkey) by Chen
et al. (2015), in co-occurrence, among others, with the
ammonoid Israelites, Late Ladinian in their view, but Early
Ladinian according to Assereto and Monod (1974) and to
Pérez Valera (2016).

Finally, S. truempyi is not restricted to the Western
Tethys and adjacent shallow Triassic seas, but is found in
SW China, where, at Guangdao, North flank of the Great
bank of Guizhou, Nanpanjiang Basin, this proxy pinpoints
the base of the Ladinian stage (Lehrmann et al. 2015).

7 Conclusions

The appearance in the Prealps of the conodont Sephardiella
truempyi is linked with the large marine transgression along
the western Tethys during the Anisian—Ladinian transition
(Franz et al. 2015), well dated by the curionii ammonoid
fauna in Spain (Minorca and Betic Range, Pérez Valera
2016) and also corresponding with the first marine trans-
gression over the external Variscan basement shown by
Courel et al. (1998) and by Escudero-Mozo et al. (2015).
In the Swiss Prealps, the finding of Sephardiella
truempyi attributes the “Couches a Costatoria goldfussi” to
the Early Ladinian. These “Couches a Costatoria gold-
fussi” define the Balmi Member transgression that is the
base of the newly proposed Pralet Formation. The level of
Costatoria goldfussi extends along the entire Briangonnais
realm. The Pralet Formation in the Prealps, corresponds to
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the Middle Triassic 3rd order T-R Cycle III that is older
than the Clos-la-Cime Formation in the Brianconnais.

The “Couches a Costatoria goldfussi” of the Balmi
Member that was formerly assigned to the Upper Ladinian
to Lower Carnian, is now of Early Ladinian age.

The Wiriehorn Formation in the Prealps and the coeval
Champcella Formation in the Brianconnais, both formerly
held for Ladinian in age, must now be assigned a Late
Anisian age. They represent the thickest carbonate platform
units in the Prealps and Briangonnais.

Acknowledgments A. Baud, P. Plasencia and S. Richoz appreciated
the hospitality of the Geological Museum in Lausanne and the help
for studying the Prealps collections. Thanks are due to Claudia
Baumgartner of the Geological Institute in Lausanne for opening the
SEM Laboratory. We thank Hans Hagdorn (Ingelfingen) and Matthias
Franz (Freiberg) for their kind help with unpublished reports. A. Baud
thanks also Joséphine Mégard-Galli for previous field works and for
providing us old guide-books and Henri Masson for his good advises.
We are also much indebted to Sylvie Crasquin (Paris) and Peter Brack
(Zurich) for their constructive reviews that greatly improved our

paper.

References

Assereto, R., & Monod, O. (1974). Les formations triassiques du
Taurus occidental a Seydischir (Turquie méridionale). Stratigra-
phie et interprétation sédimentologique. Memorie Rivista Ital-
iana di Paleontologia e Stratigrafia, 14, 159-191.

Bagnoli, G.. Perri, M. C. & Gandin, A. (1985). Ladinian Conodont
Apparatuses from Northwestern Sardinia. Italy. Bolletino della
Societa Geologica Italiana, 23(2), 311-323.

Balini, M., Lucas, S. G., Jenks, J. F., & Spielmann, J. A. (2010).
Triassic ammonoid biostratigraphy: an overview. Geological
Society, London, Special Publications, 334(1), 221-262.

Baud, A. (1984). Histoire naturelle des calcaires de Saint-Triphon
(Anisien, Préalpes et Alpes occidentales), PhD. dissertation,
Université de Lausanne, Switzerland, 2 Bands (p. 500).

Baud, A. (1987). Stratigraphie et sédimentologie des calcaires de
Saint-Triphon (Trias, Préalpes, Suisse et France). Mémoires de
Géologie, Lausanne, 1, 322.

Baud, A., Hirsch, F., & Weidmann, M. (1968). Présence de
Conodontes dans 1’Anisien des Préalpes médianes rigides.
Eclogae Geologicae Helvetiae, 61(2), 507-508.

Baud, A., & Mégard-Galli, J. (1975). Modele d’évolution d’un bassin
carbonate du domaine alpin durant la phase pré-océanique:
cycles et rythmes dans le Trias de la zone briangonnaise des
Alpes occidentales et des Préalpes. In Proceeding of the 9th
International Sedimentological Congress, Nice, 5/1 (pp. 45-50).

Bill, M. (1998). Données isotopiques, chimiques et biostrati-
graphiques de la nappe des Gets et des Préalpes médianes
rigides: contraintes sur I’océanisation et la tectonique des Alpes
occidentales. Ph.D. dissertation, Université de Lausanne,
Switzerland (p. 222).

Botteron, G. (1961). Etude géologique de la région du Mont d’Or
(Préalpes romandes). Eclogae Geologicae Helvetiae, 54(1),
29-106.

Brack, P., Rieber, H., Nicora, A., & Mundil, R. (2005). The global
boundary stratotype section and point (GSSP) of the Ladinian
Stage (Middle Triassic) at Bagolino (Southern Alps, Northern

Italy) and its implications for the Triassic time scale. Episodes,
28(4), 233-244.

Brack, P., Rieber, H., & Urlichs, M. (1999). Pelagic successions in the
Southern Alps and their correlation with the Germanic Middle
Triassic. Zentralblatt der Geologie und Palaontologie Teil I,
7-8, 853-876.

Brocard, C. (1991). La plate-forme provengale au Trias moyen: Un
modeéle de rampe carrbonatée en milieu restreint—Dynamique
des paléoenvironnements—Evolution diagénétique. PhD disser-
tation, Université de Provence-Marseille, France (p. 282).

Budurov, K. (1973). Carinella n. gen. und Revision der Gattung
Gladigondolella (Conodonta). Comptes Rendus de I’Académie
Bulgare des Sciences, 26, 799-802.

Caron, J. P. H. (1967). Ftude stratigraphique du Muschelkalk
supérieur calcaire et dolomitique de Basse-Provence occidentale
entre Bandol et Hyéres (Var). Bulletin de la Société géologique
de France, 9, 670-677.

Carrillat, A., Martini, R., Zaninetti, L., Cirilli, S., Gandin, A., &
Vrielynck, B. (1999). The Muschelkalk (Middle to Upper
Triassic) of the Monte di Santa Giusta (NW Sardinia):
sedimentology and biostratigraphy. Eclogae Geologicae Helve-
tiae, 92, 81-97.

Chen, Y., Krystyn, L., Orchard, M. J., Lai, X. L., & Richoz, S. (2015).
A review of the evolution, biostratigraphy, provincialism and
diversity of Middle and early Late Triassic conodonts. Papers in
Palaeontology, 2015, 1-29.

Courel, L., Poli, E., Vannier, F., Le Strat, P., Baud, A., & Jacquin, T.
(1998). Sequence stratigraphy along a Triassic transect on the
Western Peritethyan margin in Ardeche (SE France basin):
correlations with Subalpine and Germanic realms. In P.C de
Graciansky, J. Hardenbol, T. Jacquin, & P. R. Vail (Eds.),
Mesozoic and Cenozoic Sequence Stratigraphy of Europeans
Basins (pp. 691-700). SEPM, Society of Sedimentary Geology
Special Publication.

Durand, M., Caron, J.-P., & Hagdorn, H. (2011). Triassic of Southeast
France—Provence: Var and Alpes-maritimes. In Pan-European
Correlation of the Triassic: 8th International Field Workshop,
Toulon, September 4-8, 2011 (pp. 1-64).

Ellenberger, F. (1950). Horizons paléontologiques du Trias a faciés
radical des Préalpes médianes vaudoises (coupes de la Grande
Eau et de Saint-Triphon). Compte-rendus de 1’Académie des
Sciences, Paris, 231, 1326—-1328.

Ellenberger, F. (1958). Etude géologique du Pays de Vanoise (p. 679).
Orléans: Imprimerie nationale.

Escudero-Mozo, M. J., Marquez-Aliaga, A., Goy, A., Martin-
Chivelet, J., Lopez-Gomez, J., Marquez, L., et al. (2015).
Middle Triassic carbonate platforms in eastern Iberia: Evolution
of their fauna and palacogeographic significance in the western
Tethys. Palaeogeography, Palaeoclimatology, Palaeoecology,
417, 236-260.

Franz, M., Kaiser, S. I., Fischer, J., Heunisch, C., Kustatscher, E.,
Luppold, F. W., et al. (2015). Eustatic and climatic control on the
Upper Muschelkalk Sea (late Anisian/Ladinian) in the Central
European Basin. Global and Planetary Change, 135, 1-27.

Furrer, H., Huber, K., Adrian, H., Baud, A., Fliick, W., Preiswerk, C.,
Schuler, P., & Zwahlen, P. (1993). Feuille 1247 Adelboden.
Atlas géologique de la Suisse 1:25°000.

Genge, E. (1958). Ein Beitrag zur Stratigraphie der siidlichen
Klippendecke im Gebiet Spillgerten-Seehorn (Berner Oberland).
Eclogae Geologicae Helvetiae, 51(1), 151-211.

Gianolla, P., De Zanche, V., & Mietto, P. (1998). Triassic sequence
stratigraphy in the Southern Alps (Northern Italy): definition of
sequences and basin evolution. In P.C de Graciansky, J.
Hardenbol, T. Jacquin, & P. R. Vail (Eds.), Mesozoic and
Cenozoic Sequence Stratigraphy of Europeans Basins (pp.



Revised middle Triassic stratigraphy of the Swiss Prealps based on conodonts 377

719-747. SEPM, Society of Sedimentary Geology Special
Publication.

Granier, B. R., & Grgasovi¢, T. (2000). Les Algues Dasycladales du
Permien et du Trias. Nouvelle tentative d’inventaire bibli-
ographique, géographique et stratigraphique. Geologia Croatica,
53(1), 1-197.

Hirsch, F. (1971). Conodontes nouvelles du Trias méditerranéen.
Comptes-Rendus des Séances, Société de Physique et d’Histoire
Naturelle de Geneéve, N.S., 6, 65-69.

Hirsch, F. (1972). Middle Triassic conodonts from Israel, southern
France and Spain. Mitteilungen der Gesellschaft der Geologie-
und Bergbaustudenten in Wien, 21, 65-69.

Hochuli, P. A., Roghi, G., & Brack, P. (2015). Palynological zonation
and particulate organic matter of the Middle Triassic of the
Southern Alps (Seceda and Val Gola-Margon sections, Northern
Italy). Review of Palaeobotany and Palynology, 218, 28-47.

Jeannet, A. (1912-1913). Monographie géologique des Tours d’Af et
des régions avoisinantes. Matériaux pour la Carte géologique de
la Suisse (NS), 34, 1-701.

Jeannet, A., & Rabowski, F. (1912). Le Trias du bord radical des
Préalpes médianes entre le Rhone et I’ Aar. Eclogae Geologicae
Helvetiae, 11, 739-746.

Kovacs, S., & Kozur, H. (1980). Stratigraphische Reichweite der
wichtingsten Conodonten (ohne Zahnreihenconodonten) der
Mittel-und Ober-Trias. Geologisch-Paldontologische Mitteilun-
gen Innsbruck, 10, 47-78.

Kozur, H. (1989). The taxonomy of the Gondolellid conodont in the
Permian and Triassic. Courier Forchungsinstitut Senckenberg,
117, 409-469.

Kozur, H. W., & Bachmann, G. H. (2005). Correlation of the
Germanic Triassic with the international scale. Albertiana, 32,
21-35.

Lehrmann, D. J., Stepchinski, L., Altiner, D., Orchard, M. J.,
Montgomery, P., Enos, P., et al. (2015). An integrated
biostratigraphy (conodonts and foraminifers) and chronostratig-
raphy (paleomagnetic reversals, magnetic susceptibility, elemen-
tal chemistry, carbon isotopes and geochronology) for the
Permian-Upper Triassic strata of Guandao section, Nanpanjiang
Basin, south China. Journal of Asian Earth Sciences, 108,
117-135.

Lombard, A., Baud, A., & Steinhauser, N. (1975). Feuille 1265 Les
Mosses Notice explicative. Atlas géologique de la Suisse
1:25°000, 1-64.

March, M., Budurov, K., & Hirsch, F. (1990). Sephardiella nov. gen.
(Conodonta), Emendation of Carinella (Budurov, 1973) from the
Ladinian (Middle Triassic) Type Area in Catalonia (N.E. Spain),
Sephardic. Courier Forchungsinstitut Senckenberg, 118, 197-201.

Mégard-Galli, J. (1972). Données nouvelles sur le Carnien dans la
zone brianconnaise entre Briangon et la vallée du Guil:
conséquences tectoniques et paléogéographiques. Géologie
Alpine, 48, 131-142.

Mégard-Galli, J., & Baud, A. (1977). Le Trias moyen et supérieur des
Alpes nord-occidentales et occidentales: données nouvelles et
corrélations stratigraphiques. Bulletin du BRGM, 2éme serie. 4/3,
233-250.

Mégard-Galli, J., & Faure, J. L. (1988). Tectonique distensive et
sédimentation au Ladinien supérieur-Carnien dans la zone

briangonnaise. Bulletin de la Société géologique de France,
4(5), 705-715.

Monnet, C., Brack, P., Bucher, H., & Rieber, H. (2008). Ammonoids
of the middle/late Anisian boundary (Middle Triassic) and the
transgression of the Prezzo Limestone in eastern Lombardy-
Giudicarie (Italy). Swiss Journal of Geosciences, 101, 61-84.

Mosher, L. C. (1968). Evolution of Triassic platform conodonts.
Journal of Paleontology, 42(4), 947-954.

Muttoni, G., Nicora, A., Brack, P., & Kent, D. V. (2004). Integrated
Anisian-Ladinian boundary chronology. Palaeogeography,
Palaeoclimatology, Palaeoecology, 208(1), 85-102.

Nicora, A., & Brack, P. (1995). The Anisian/Ladinian boundary
interval at Bagolino (Southern Alps, Italy): II. The distribution of
Conodonts. Albertiana, 15, 57-65.

Nicora, A., & Rusconi, M. (2007). Conodonti dalla Formazione di
Buchenstein della Grigna Settentrionale (Lc). In Societa Pale-
ontologica Italiana, VII Giornale di Paleontologia, Barzio/
Pasturo, 6-10 Giugno 2007 (p. 47).

Ogg, J. G., Ogg, G., & Gradstein, F. M. (2016). A Concise Geologic
Time Scale: 2016. Elsevier.

Pérez Valera, J. A. (2016). Ammonoideos y Bioestratigrafia del
Tridsico Medio (Ladiniense) del sector oriental de la Cordillera
Bética. PhD. dissertation, Universidad Complutense de Madrid
2015 (p. 489).

Pia, J. V. (1912). Neue Studien iiber die triadischen Siphoneae
verticillatae. Beitrige zur Paldontologie und Geologie Osterre-
ich-Ungarns und des Orients, 25, 25-81.

Plasencia, P. (2009). Bioestratigrafia y paleobiologia de conodontos
del Tridsico Medio del Sector Oriental de la Peninsula Ibérica.
PhD. dissertation, Servei de Publicacions de la Universitat de
Valencia, Spain (p. 408).

Plasencia, P., Hirsch, F., & Marquez-Aliaga, A. (2007). Sephardiel-
linae, a new Middle Triassic conodont subfamily. Journal of
Iberian Geology, 33, 163-172.

Plasencia, P., Hirsch, F., Sha, J., & Marquez-Aliaga, A. (2015).
Taxonomy and evolution of the Triassic conodont Pseudofur-
nishius. Acta Palaeontologica Polonica, 60(2), 385-394.

Posenato, R., Simone, L., Urlichs, M., & Ibba, A. (2002). The
Ladinian Muschelkalk of Punta del Lavatoio (Alghero, NW
Sardinia), In Cherchi, A., Corradini, C., & Putzu, M.T. (Eds.),
Sardinia Field Trip (pp 111-118).

Sudar, M. N. (1989). Revision of conodont genera Sephardiella
March, Budurov, Hirsch and Marquez-Aliaga, 1988 and
Budurovignathus Kozur, 1988. Geologica Balcanica, 9, 8.

Urlichs, M. (1997). Die Gattung Ceratites (Ammonoidea) aus dem
Muschelkalk der Provence (Mitteltrias, Siidost- Frankreich).
Stuttgarter Beitrdge zur Naturkunde, B, 252, 1-12.

Van den Boogaard, M. (1966). Post-Carboniferous conodonts from
south-eastern Spain. Koninklijke Nederlandse Akademie van
Wetenschappen, serie B 69, 1-8.

Voros, A., Budai, T., Haas, J., Kovacs, S., Kozur, H., & Palfy, J.
(2003). Global Boundary Stratotype Section And Point proposal
for the base of Ladinian (Triassic) at the base of the Reitzi Zone
(sensu stricto) at Bed 105 in the Felstors section, Balaton
Highland, Hungary. Albertiana, 28, 35-47.



	Revised middle Triassic stratigraphy of the Swiss Prealps based on conodonts and correlation to the Briançonnais (Western Alps)
	Abstract
	Introduction
	Geological frame of the Swiss Prealps (Fig. 1)
	Previous research in the Middle Triassic carbonate succession of the the Swiss Prealps (Fig. 2)

	Triassic lithostratigraphy of the Swiss Prealps
	Cycle CI: ‘‘Formation de Saint-Triphon’’
	Cycle CII: ‘‘Formation du Wiriehorn’’ (alias Champcella; Online Resources 1 and 2)
	Cycle CIII: ‘‘Formation du Pralet ‘‘ (Online Resources 1 and 3)
	The three Upper Triassic cycles (Fig. 3)

	The Prealps ‘‘Couches à Costatoria goldfussi’’: new conodont age constraint for the Balmi Member of the Pralet Formation (Fig. 3)
	The conodonts
	Age of Sephardiella truempyi
	Palaeogeographic significance of the ‘‘Couches à Costatoria goldfussi’’
	Conclusions
	Acknowledgments
	References




