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Abstract
The biostratigraphy of the Tethyan marine scale is discussed in some detail. Its correlation with
the Germanic Triassic is partly rather well established, in part biostratigraphically impossible.
Those marine deposits that do not contain an endemic fauna can be well assigned to the
international scale, mainly with conodonts, ammonoids and echinoderms (Upper Buntsandstein,
Lower Muschelkalk). The marine ammonoid- and conodont-rich Upper Muschelkalk faunas are
endemic and very difficult to correlate with the Tethyan scale. Conchostracans and sporomorphs
allow a good correlation of continental beds, but red hypersaline beds have neither sporomorphs
nor conchostracans (e. g. Weser Formation). An important future correlation potential can be
magnetostratigraphy, if bio- and chronostratigraphy are integrated in both the Germanic Basin and
the Tethys. So far, it is particularly well established around the Permian-Triassic Boundary in
Germany and in the middle Norian to Rhaetian of England. 613C0,g and 8"Cey isotopes and
microsphaerules of cosmic, volcanic and biotic origin are significant correlation tools around the
Permian-Triassic boundary, 8Ceart yields also good results for correlation up to the the lower
Smithian.
Most important results are:
(1) a revised conchostracan zonation of the Buntsandstein and its correlation with the short
eccentricity cycles of the entire Lower Buntsandstein;
(2) a detailed correlation of the Olenekian base by conchostracans and by a revised magneto-
stratigraphy;
(3) the assignment of the Stammen Beds (and the time-equivalent Thiiringer Chirotherien-
sandstein) of the upper Solling Formation to the Anisian (Aegean);
(4) the correlation of the Ladinian base (at the base of the E. curionii Zone) with a level above the
Cycloidesbank y of the Upper Muschelkalk; and
(5) the assignment of the uppermost Lowenstein Formation (4th Stubensandstein), the time-
equivalent uppermost Arnstadt Formation as well as the lower and middle Postera Beds to the
Rhaetian.

The pronounced cyclicity of the Germanic Triassic is interpreted in terms of Milankovitch
cycles of ~0.02 myrs, ~0.1 myrs and ~0.4 myrs, whereby the short eccentricity cycles of ~0.1 myrs
seem to be best developed. There are 22 short eccentricity cycles in the Lower Buntsandstein.
Regarding the Middle Buntsandstein, there seems to be between 9 and 14 short eccentricity cycles
in the Volprichausen Formation, at least 3 in the Detfurth Formation and probably 4 in the Solling
Formation. Well developed short eccentricity cycles are known from the Upper Buntsandstein Ro6t
Formation (9) as well as from the Lower Muschelkalk (20, and the lower part of a 21th cycle) and
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Middle Muschelkalk (9). The approximately 40 cycles of the Upper Muschelkalk are most likely
short eccentricity cycles. Well developed short eccentricity cycles are present in the Erfurt
Formation (8), and in the Ladinian part of the Grabfeld Formation (9). Several shorter or longer
well-known gaps have to be considered in the Lower and Middle Triassic. In the Germanic Upper
Triassic the Milankovitch cycles are more difficult to establish, especially due to several long
gaps, reduced sedimentation rates and condensation associated with pedogenic processes. It seems
that in the Arnstadt Formation the ~0.4 myrs cycles are best developed as is the case in the Upper
Triassic of the Newark Basin.

Zusammenfassung
Die biostratigraphische Gliederung der marinen Tethys wird ausfiihrlich diskutiert. Thre Korre-
lation mit der Germanischen Trias ist nur zum Teil gut belegt, zum Teil biostratigraphisch gar
nicht moglich. Marine Abschnitte des Oberen Buntsandsteins und der Untere Muschelkalk ent-
halten nicht endemische Faunen von Conodonten, Ammonoideen und Echinodermaten und
konnen dem internationalen Standard gut zugeordnet werden. Im Oberen Muschelkalk ist die
Conodonten- und Ammoniten-reiche Fauna dagegen weitgehend endemisch und deshalb nur
schwer korrelierbar. In kontinentalen Ablagerungen ermoglichen Conchostraken und Sporomor-
phen eine gute Korrelation. Diese Formen fehlen jedoch in roten hypersalinaren Ablagerungen,
wie z. B. der Weser-Formation. Die Magnetostratigraphie kann in der Zukunft ein hohes Korrela-
tionspotential haben, aber nur, wenn dabei bio- und chronostratigraphische Methoden beriick-
sichtigt werden. Gut realisiert ist dies bisher an der Perm-Trias-Grenze in Deutschland und im
Mittleren Nor bis Rhidt von England. 813C0rg- and 813Ccarb-lsot0pen sowie Mikrokiigelchen
(microsphaerules) kosmischer, vulkanischer und organischer Entstehung sind wichtige Korrela-
tionsmethoden an der Perm-Trias-Grenze. 8°Cyy gibt gute Resultate bis ins tiefere Smithium.
Die wichtigsten Ergebnisse der Arbeit sind:
(1) eine revidierte Conchostraken-Gliederung des Buntsandsteins und deren Korrelation mit den
kurzen Exzentrizititszyklen des Unteren Buntsandsteins;
(2) eine detaillierte Korrelation des tieferen Olenekiums mit Hilfe von Conchostraken und einer
revidierten Magnetostratigraphie;
(3) die Zuordnung der Stammen-Schichten und des zeitgleichen Thiiringer Chirotheriensandsteins
(obere Solling-Formation) zum Anis (Aegeum);
(4) die Korrelation der Untergrenze Ladin (Basis E. curionii-Zone) mit einem Intervall {iber der
Cycloidesbank y (Oberer Muschelkalk);
(5) die Zuordnung der obersten Lowenstein-Formation (4. Stubensandstein), der zeitgleichen
obersten Arnstadt-Formation sowie der Unteren und Mittleren Postera-Schichten zum Rhiit.

Die meisten der deutlich entwickelten Sedimentationszyklen in der Germanischen Trias
werden als Milankovitch-Zyklen von ~20 kyrs, ~100 kyrs and ~400 kyrs interpretiert, wobei die
kurzen Exzentrizitdtszyklen von ~100 kyrs anscheinend am besten ausgeprigt sind. Im Unteren
Buntsandstein gibt es 22 kurze Exzentrizitatszyklen, in der Volpriehausen-Formation zwischen 9
und 14, in der Detfurth-Formation mindestens 3 und in der Solling-Formation wahrscheinlich 4.
Gut ausgebildete kurze Exzentrizititszyklen treten im Oberen Buntsandstein auf (9), im Unteren
Muschelkalk (20 Zyklen und der untere Teil eines 21.) und im Mittleren Muschelkalk (9). Die
unféhr 40 Zyklen im Oberen Muschelkalk sind wahrscheinlich ebenfalls kurze Exzentrizitits-
zyklen. Gut ausgebildete kurze Exzentrizitdtszyklen gibt es auch in der Erfurt-Formation (8) und
der Grabfeld-Formation unterhalb der Estherienschichten (9). Mehrere Schichtliicken treten in der
Unteren und Mittleren Trias auf. In der Germanischen Obertrias sind die Milankovitch-Zyklen
schwerer zu bestimmen, vor allem wegen grof3en Schichtliicken, verringerten Sedimentationsraten
und Kondensation durch Bodenbildung. In der Arnstadt-Formation sind offenbar die ~400 kyrs-
Zyklen am Besten entwickelt, wie es auch in der Obertrias des Newark-Beckens der Fall ist.
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The Germanic Triassic

1 Introduction —
Possibilities and problems with correlation of the Germanic Triassic

The Triassic was introduced by F. VON ALBERTI
(1834) for the predominantly continental Buntsand-
stein, the marine and hypersaline Muschelkalk and the
continental, brackish and hypersaline Keuper of south-
western Germany. Paleogeographically, it is in the
southern part of the Central European Basin, which is
also referred to as the Germanic Basin in Triassic times.

Early attempts to correlate these deposits with the
open marine Tethyan Triassic failed, and today only
the name “Triassic”, its three-fold subdivision, and
names like Alpine Buntsandstein, Alpine Muschelkalk
and Carpathian Keuper remain as reminders to those
early attempts at correlation. The Rhaetian (GUMBEL
1861), the first established Triassic Stage, was applied
to both the Germanic and Alpine Triassic. The interna-
tional scale for the pelagic Triassic (except the Rhae-
tian), established by Moisisovics et al. (1895) was
first not applied to the Germanic Triassic, or it was
attributed to it without biostratigraphic correlation, e.
g. the Scythian to the Buntsandstein, the Anisian and
Ladinian to the Muschelkalk and the Upper Triassic to
the Keuper. None of these correlations turned out to
be precise.

The stages and substages of the modern internatio-
nal chronostratigraphic scale were correlated with the
Germanic Triassic by Kozur (1972a, 1974, 1975,
1984, 1993a, b, 1999, 2003b, c), DOCKTER et al.
(1980), KozUR & SEIDEL (1983a, b), and KOZUR &
Mock (1993), first the marine or partly marine Upper
Buntsandstein, Muschelkalk and Lower Keuper, then
the continental Lower and Middle Buntsandstein and
the Middle Keuper. Later, new ammonoid, bivalve,
crinoid and palynological data (e. g. URLICHS 1978,
URLICHS & KURZWEIL 1997, BRACK et al. 1998, 1999,
HAGDORN & GLUCHOWSKI 1993, VISSCHER et al.
1993, URLICHS & TICHY 1998, 2000) confirmed most
of these correlations, but caused also some changes in
correlation, especially concerning the Ladinian-Car-
nian boundary. There, the contradiction between the
former Carnian bivalve age of the Bleiglanzbank and
the much higher Ladinian-Carnian boundary (around
the base of the “Estherienschichten” of the upper
Grabfeld Formation), determined by sporomorphs and
conchostracans, was solved by taxonomic revision of
the Myophoria kefersteini group (URLICHS & TICHY
2000), which changed the allegedly Carnian bivalve
age of the Bleiglanzbank to the late Ladinian.

In many parts of the Germanic Triassic miospores
and megaspores yielded important data for correlation
with the international scale (e. g. MARCINKIEWICZ
1971, KOZUR 1972¢, MOSTLER & SCHEURING 1974,
SCHEURING 1978, DOUBINGER & BUHMANN 1981,
KozUR & SEIDEL 1983b, ORLOWSKA-ZWOLINSKA
1984, BRUGMAN 1986, VISSCHER et al. 1993). How-
ever, there are two problems associated with palynolo-
gical correlations. The Alpine sporomorph associa-
tions are derived from a distinctly more southern
latitude with a rather different climate. This causes, in

part, different first appearances (FAD) of palynologi-
cal guide forms. Ovalipollis pseudoalatus (THEIR-
GART) SCHUURMAN, for instance, begins at the base of
the Tethyan Ladinian, but in the Germanic Basin as
late as in the Longobardian Erfurt Formation (Lower
Keuper), as was shown by VISSCHER et al. (1993). The
different FAD of sporomorphs is the reason that
palynologists (e. g. DOUBINGER & BUHMANN 1981,
BRUGMAN 1983, 1986, VISSCHER et al. 1993) place the
base of the Pelsonian somewhat below the Myopho-
rienschichten of the upper Rt Formation (Upper
Buntsandstein). One evidence being used is the FAD
of Cristianisporites triangulatus ANTONESCU in the
upper R6t Formation and its occurrence in well dated
Pelsonian strata of Romania and in uppermost Pelso-
nian and Illyrian strata of the Alps (BRUGMAN 1983).
On the other hand, this example demonstrates that
palynological correlations do not always consider
other palaeontological correlations, as not only the
upper Ro6t Formation, but also the overlying lower
Jena Formation (Unterer Muschelkalk) up to the
Oolithbank Member are Bithynian according to all
stratigraphically important marine faunal groups (am-
monoids, conodonts, holothurian sclerites, crinoids).
The Nicoraella germanica conodont zone of the lower
Jena Formation even has a world-wide distribution
and is well dated by ammonoids. This discrepancy
between palacontological and palynological correla-
tions can easily be solved if the FAD of Dyupetalum
vicentinense BRUGMAN is taken to define the base of
the Pelsonian in the Germanic Basin. This species
(although rare in the Germanic Basin) begins at the
base of the middle third of the Jena Formation, close
to the level where the Pelsonian guide forms of
ammonoids, conodonts and holothurian sclerites
begin. In the Alps and Hungary this species begins at
the base of the Pelsonian or somewhat below.

The second problem is that changes in sporomorph
associations often occur before changes in faunas.
This is the reason why palynologists assign the base of
the palynological associations, dominated by Lunati-
sporites obsoletus-Kraueselisporites (trilete cavate
spores) in the Alps, in Hungary, the Arctic and the
Germanic Basin, to the basal Triassic, despite the fact
that this association begins in undoubtedly Permian
marine strata (e. g. in the Tesero Oolite with last
occurences of fusulinids and Permian brachiopods,
common Permian conodonts and mass occurrences of
Tympanicysta stoschiana BALME). On the other hand,
palynological investigations in predominantly hyper-
saline sediments, with only few stratigraphically im-
portant faunas, have shown the correct age much ear-
lier than palaeontological investigations did. MOSTLER
& SCHEURING (1974) and SCHEURING (1978), for
instance, have shown, on the base of former paly-
nological investigations by SCHEURING (1970), that
large parts of the Grabfeld Formation (Lower Gips-
keuper) belong to the Longobardian, whereas palaecon-
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tological correlations were blocked by the opinion that
the Bleiglanzbank of the lower Grabfeld Formation is
Carnian in age because of the assumed occurrence of
the Carnian guideform M. kefersteini.

In the continental Lower and Middle Buntsand-
stein, detailed correlations are possible with concho-
stracans in reddish and grey fresh water to slightly
brackish lake deposits. Greyish fresh water to hypersa-
line deposits can be also correlated with sporomorphs,
especially around the PTB and in the Detfurth to Sol-
ling Formations. The R6t Formation (Upper Buntsand-
stein) can be well correlated by sporomorphs, bival-
ves, and, partly, by ammonoids and holothurian
sclerites. Sporomorphs, conchostracans and partly ver-
tebrates can be used in continental to slightly brackish
deposits. The Jena Formation (Lower Muschelkalk)
and the Trochitenkalk Formation (Upper Muschelkalk)
can be correlated with conodonts and, in part, ammo-
noids, bivalves, brachiopods, echinoderms and sporo-
morphs. The Middle Muschelkalk can be mainly cor-
related with sporomorphs, in Upper Silesia also with
dasycladacean algae. Brackish beds of the Diemel
Formation (uppermost Middle Muschelkalk) also have
stratigraphically important ostracods. The ammonoid
and conodont-rich Meissner Formation of the Upper
Muschelkalk cannot be correlated in detail with the
international scale because of the endemic character of
the fauna. Only in the upper C. spinosus Zone, very
few Tethyan ammonoids allow an exact correlation
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with the Nevadites secedensis Zone of the Southern
Alps. Conchostracans, bivalves, ostracods and sporo-
morphs are useful in parts of the Grabfeld Formation
(Bleiglanzbank, “Estherienschichten”), Stuttgart For-
mation (Schilfsandstein), marine intercalations of the
Lehrberg Beds, Arnstadt Formation (Steinmergelkeu-
per), and Exter Formation. SWIFT (1989, 1995) found
Rhaetian conodonts in equivalents of the Exter Forma-
tion in Great Britain.

Thus, in essence, the Germanic Triassic can be
correlated, in part detailed, in part roughly, with the
international scale on the basis of modern biostratigra-
phic methods, but a detailed correlation of the entire
Germanic Triassic, including its fossil-free intervals,
requires the stratigraphic evaluation of palacomagne-
tic, stable isotope and other event stratigraphic data. A
further, increasingly important, aspect is the cyclicity
of the Germanic Triassic, which can be interpreted in
terms of Milankovitch cycles.

This paper will discuss the international Triassic
scale and its numerical ages. Correlation with the Ger-
manic Triassic is suggested using different biostrati-
graphic and abiotic methods. Supposed Milankovitch
cyclicity is proposed for estimating the duration of the
individual units. We hope to stimulate discussion and
further investigations of these aspects by the commu-
nity of Triassic workers. A short version of this paper
will be published in Albertiana 32 (KOZUR & BACH-
MANN 2005, in press).

2 International scale and numerical ages

The international scale was discussed by KOZUR (2003a, b) and only some further data are added here.

2.1 Permian-Triassic boundary (PTB)

The base of the Triassic is defined by the FAD of
Hindeodus parvus (KOzUR & PJATAKOVA). For the
correlation with continental Permian-Triassic boundary
beds, auxiliary biostratigraphic and event stratigraphic
data are important.

a) Biostratigraphy (Figs. 1, 4, 5)

H. parvus occurs in marine beds in all water
depths and all faunal provinces. If conodonts are
absent or very rare, other biostratigraphic important
fossils are also lacking in most cases, and only
ostracods may be common in such beds. Rich ostracod
faunas can indicate the approximate position of the
PTB. Under dysaerobic conditions Hollinella tingi
(PATTE) is very common in the basal Triassic. How-
ever, this species seems to begin already in the C.
meishanensis-H. praeparvus Zone of the uppermost
Permian together with a few Permian forms like
Indivisia buekkensis Kozur and Praepilatina sp. In
oxygen-rich facies, the basal Triassic ostracod fauna is
dominated by Praezabythocypris ottomanensis (CRAS-
QUIN-SOLEAU). It begins in the latest Permian C.
meishanensis-H. praeparvus Zone, together with bair-
diids and kirkbyids, and is already dominant in the M.
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ultima-S. ? mostleri Zone immediately below the base
of the Triassic, where it occurs together with Indivisia.
For regional correlations some other forms can be
used as well, e. g. Praezabythocypris pustulosus
Kozur & METTE, a disaster species, which can be
observed around the PTB, e. g. in the Abadeh and
Shahreza sections of Iran and a mass occurrence in a
10 cm interval at the very base of the Triassic in the
Zal section (north-western Iran).

Claraia, which is often considered to be an exclu-
sively Lower Triassic form, begins in fact already in
the Changhsingian of China (YIN HONGFU 1985). In
the Zal section, there are mass occurrences of Claraia
some 25 cm below the FAD of H. parvus.

Conchostracans are the best guide fossils in conti-
nental beds. The upper Dorashamian is characterised
by Falsisca eotriassica KozUrR & SEIDEL. It is fol-
lowed, with short overlap, by F. postera Kozur &
SEIDEL, which defines the uppermost Permian con-
chostracan Zone. Some specimens of F. postera were
found in brackish intercalations of the basal Werfen
Beds of Hungary, which are well correlated with the
lower Tesero Oolite of the Southern Alps containing
Hindeodus praeparvus KozUr and other conodonts of
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the uppermost Permian H. praeparvus Zone (KOZUR
& Mock 1993). The Triassic begins with the F.
verchojanica Zone, which in Siberia was correlated
with the lowermost Triassic (KOZUR 1993b, 1998a, b,
1999). In the lowermost Triassic of the Germanic Ba-
sin F. verchojanica MOLIN and F. cf. verchojanica are
often very rare and begin in most cases somewhat
higher, following an interval without Falsisca. How-
ever, in the Holy Cross Mountains PTASZYNSKI &
NIEDZWIEDZKI (2004a, b, 2005, in press) found the F.
postera and F. verchojanica Zones in superposition
with a short overlap of the index species, thus proving
in Poland (as in Germany) the biostratigraphic posi-
tion of the PTB to be in the lowermost Buntsandstein.
The short interval with the co-occurrence of the two
species belongs to the uppermost F. postera Zone of
the uppermost Permian, as is the case in Dalongkou /
Sinkiang, where F. verchojanica has its FAD some-
what below the LAD of Dicynodon at the base of the
Triassic. Generally, in most of the Germanic Basin,
the upper boundary of the F. postera Zone has to be
used for the biostratigraphic definition of the PTB, as
only F. postera is a common form. Fortunately, the so
defined PTB could be confirmed by other events, like
minima of 8°C,,,;, and 813C0rg (see below).

NAWROCKI (2004) and NAWROCKI et al. (2005, in
press) doubted this biostratigraphic boundary, which
can be traced from the Germanic Basin to China, and
placed the PTB deeper, within a short reversed pa-
lacomagnetic interval comprising the lower Fulda For-
mation and the lowermost part of the upper Fulda
Formation (Brockelschiefer), thus considering the as-
sumed reversed interval around the PTB at Meishan to
be more important than biostratigraphic data. As there
is actually no reversed interval around the PTB at
Meishan (see below), the palacomagnetic succession
in Poland fits the biostratigraphic boundary at the top
of the F. postera Zone.

The uppermost Permian is characterised in both
marine and continental beds by the Lundbladispora
obsoleta-Lunatisporites noviaulensis miospore assem-
blage zone and by the lower subzone of Otynisporites
eotriassicus megaspore assemblage zone. Permian oc-
currences are, for instance, in the marine Tesero
Oolite of the Southern Alps with H. praeparvus and S.
dobruskinae KozurR & PJATAKOVA (KOZUR, 1994,
1998a, b). In the continental Nedubrovo Formation of
the Russian Platform (LOZOVSKY et al. 2001a, b), the
lower O. eotriassica megaspore assemblage occurs to-
gether with the typical Permian Tatarina megaflora
assemblage and contains, among others, common
Tatarina conspicua MEYEN, Quadrocladus dvinensis
MEYEN and Ullmannia cf. bronni GOEPPERT.

The index species Lundbladispora obsoleta BALME,
Lunatisporites noviaulensis (LESCHIK) SCHEURING
and lower subzone of the Otynisporites eotriassicus
FUGLEWICZ, as well as other species of these assem-
blage zones, ranges far into the Early Triassic (see
range chart KOzZUR 1994: Fig. 3). For this reason,
NAWROCKI (2004) and NAWROCKI et al. (2005, in
press) doubted the Permian age of these assemblage
zones. However, these species occur in the Lower
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Triassic together with other species, which start close
to the base of the Triassic, such as Lundbladispora
willmotti BALME, Lunatisporites heyxagonalis (JAN-
SONIUS) Kozur, L. pellucidus (GOUBIN) HENELLY
(Lundbladispora willmotti-Lunatisporites hexagonalis
Assemblage Zone, KOZUR 1998a).

In vertebrate stratigraphy, the PTB is close to the
LAD of the Permian genus Dicynodon. In Dalongkou
(Sinkiang) there is an interval with Lystrosaurus and
Dicynodon occuring together. In this level KOozUR
(1998a, b) found the conchostracan faunas of the Per-
mian F. postera Zone and the Lundbladispora obsole-
ta-Lunatisporites noviaulensis miospore and Otynispo-
rites eotriassicus megaspore assemblage zones.

b) Palaeomagnetics (Figs. 1, 4, 5)

According to L1 HUAMEI & WANG JUNDA (1989)
the PTB of Meishan is situated in the lower third of a
relatively long normal interval straddling the PTB. A
similar position of the PTB was found all over the
world by different authors (see discussion in KOZUR,
2003a, b, 2004a, b, SZURLIES & KOZUR, 2004). LiUu
YUYAN et al. (1999) and ZHU YANMING & LIU YU-
GAN (1999), however, found an allegedly reversed
horizon around the PTB in Bed 27 at Meishan, and
these data were adopted by YIN HONGFU et al. (2001).
This reversed horizon could not be verified in any
other well-dated section of the world and, therefore,
Kozur (2003a, b, 2004 a) concluded that these data
are not reliable. SZURLIES & KOzUR (2004) checked
the uppermost Permian M. ultima-S. ? mostleri Zone
and the lowermost Triassic H. parvus Zone and I.
isarcica Zone of Abadeh, Shahreza and Jolfa (Iran)
and found that all samples had a normal polarity with
the PTB in the lower third of a relatively long normal
interval straddling the PTB.

Obviously, these problems and contradictions have
been solved now by Chinese and Japanese colleagues
themselves. Prof. YIN HONGFU, Wuhan, authorised H.
KOzUR in a written communication to publish the
following statement: “Dr. LIU YUYAN made an initial
research and published the result in 1999 (LIU YUYAN
et al. 1999). He did the palacomagnetic study in
Wuhan and in Kobe, Japan. In their paper LIU YUYAN
et al. (1999) found 3 samples (43—45) of Bed 27 at
Meishan section bearing reversed polarity. Samples
around equivalent layers at Meishan, section A, gave
similar results. These results were quoted by YIN
HONGFU et al. (2001). Later Dr. LIU YUYAN made a
second sampling at sections D and A (sampling whole
rock column of P-T boundary strata without interrup-
tion). The samples were measured by Dr. NAROMOTO
at the Kyoto University. He found that there was no
such reversal around Bed 27. After discussion bet-
ween LIU YUYAN and NAROMOTO they decided that
the first result by LU YUYAN et al. (1999) was
probably due to secondary magnetisation which had
not been eliminated during processing, and that there
should not be a reversal around the PT boundary.”

The data by LU YUYAN et al. (1999) concerning
the allegedly reversed interval caused considerable
confusion in PTB correlation. PENG YUANQIAO et al.
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(2001) used these data for a high-resolution correla-
tion between the Meishan and Shangsi sections in
South China. They correlated the reversed Bed 26 of
Shangsi with the allegedly reversed Bed 27 of Mei-
shan. As can clearly be seen from fauna and carbon
isotopes, however, this palacomagnetic correlation
cannot be right. Bed 26 of Shangsi, below the event
boundary, has a rich conodont fauna, which belongs to
the C. changxingensis-C. deflecta Zone. On the other
hand, Bed 27 of Meishan, above the event boundary,
has a very poor conodont fauna belonging to the C.
zhejiangensis Zone (equivalent of the M. ultima-S. ?
mostleri Zone of Iran) and the entire H. parvus Zone,
i. e. 4 to 5 conodont zones higher. Whereas in these
conodont-bearing sections it becomes immediately
obvious that the correlation cannot be correct, it is
much more difficult to recognise incorrect correlations
in continental PTB sections. NAWROCKI (2004) and
NAWROCKI et al. (2005, in press) used the data of ZHU
YANMING & LIU YUGAN (1999) to place the PTB in
Poland within a short reversed interval in the upper-
most Zechstein Fulda Formation (Brockelschiefer).
This reversed horizon, however, can be well correlated
with the upper C. changxingensis-C. deflecta Zone
and the largest part of the C. zhangi Zone, i. e. 4 to 5
conodont zones lower than the assumed reversed
interval around the PTB at Meishan. As stated above,
there is no reversed horizon around the PTB, thus the
correlation by NAWROCKI (2004) and NAWROCKI et
al. (2005, in press) can be rejected, as has already been
done by PTASZYNSKI & NIEDZWIEDZKI (2005, in press).

The following succession of palacomagnetic events
(from below) is found around the PTB (Figs. 1, 4, 5):
e Interval Or: Short reversed interval within the
upper Dorashamian. As shown by KozUR (2004a) and
SZURLIES & KOZUR (2004), the interval begins in the
upper C. changxingensis-C. deflecta Zone of the upper
Dorashamian of Iran and comprises also the largest
part of the C. zhangi Zone. According to ZAKHAROV
& SOKAREV (1991), this reversed horizon ends in the
Dorashamian II, 0.5 m below the top of the Paratiro-
lites Limestone. In the similar section Zal (NW Iran)
this corresponds to the uppermost C. zhangi Zone.
e Interval 1n: The uppermost Permian to lowermost
Triassic is characterised by a long normal interval
straddling the PTB. Its Permian part ranges from the
uppermost C. zhangi Zone up to the M. ultima-S. ?
mostleri Zone (4 short conodont zones; see Fig. 1),
and its Lower Triassic part comprises the C. parvus
and |. irsarcica Zones. A correlation of the top of N1
within the upper Mazzin Member of the Pufels (Bulla)
section, Southern Alps (SCHOLGER et al. 2000), with
conodont data from this section (FARABEGOLI & PER-
RI 1998), indicates that the top of 1n coincides approxi-
mately with the top of the I. isarcica Zone. This is
also shown by data of SzZURLIES & KOzUR (2004)
from Jolfa (Iran), where the corresponding normal
interval ranges up to the upper |. isarcica Zone.

The curve of magnetic susceptibility across the
PTB may also be used for correlation according to
HANSEN et al. 2000 (and pers. comm; Fig. 8).
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¢) Carbon isotopes

Numerous papers show a strong negative excur-
sion of carbon isotopes around the PTB (HOLSER &
MARGARITZ 1987, BAUD et al. 1989, HOLSER et al.
1989, XU & YAN 1993, WANG et al. 1994, BOWRING et
al. 1998, CAO & SHANG 1998, KORTE 1999, WIGNALL
et al. 1998, JIN et al. 2000, HEYDARI et al. 2001, PENG
et al. 2001, KORTE et al. 2004a, b, ¢, NEWTON et al.
2004, KORTE & KOZUR, in press a, b). Very detailed
investigations on unweathered and very well-dated
material from Iran, Southern Alps and Hungary by
KORTE et al. (2004a, b, ¢) and KORTE & KOZUR (in
press a) have shown a continuous drop towards more
negative values from the upper Dorashamian C. nodo-
sa Zone to the basal Lower Triassic, with a first mini-
mum close to the PTB and, often, a second minimum
in the lower |. isarcica Zone. In Meishan, a strong
minimum in the C. meishanensis-H. praeparvus Zone
of the Boundary Clay (BOWRING et al. 1998, JIN et al.
2000) was proven to be a secondary signal caused by
the strongly weathered clay of very low carbonate
content (KORTE et al. 2004b, ¢, KORTE & KOZUR, in
press a).

A similar negative excursion was also found with-
in the Boundary Clay of Abadeh and Jolfa, if wea-
thered claystones and siltstones with low carbonate
content were analysed. If unweathered limestones and
marls were used for determining 85Ceamt (e. g. Zal and
Shahreza sections of Iran, Gerennavar section in Biikk
Mts, Hungary and all South Alpine sections investi-
gated) there was no minimum found in the level of the
Boundary Clay. The first minimum of the primary
signal is always situated above the Boundary Clay and
corresponds to the PTB (KORTE et al. 2004b, c,
KoOzUR & KORTE, in press a).

Based on unpublished measurements of 613C0rg by
Prof. H. J. HANSEN, Copenhagen (pers. comm.) and
85Ceamt by Dr. C. KORTE, Oxford (pers. comm.),
BACHMANN & KOZUR (2002, 2003), have shown that
the minima at the PTB are also found in continental
deposits, thus providing a very good tool for the cor-
relation of the marine PTB with the continental PTB
(Fig. 8). This was confirmed by HIETE (2003, 2004)
and HIETE et al. (2004).

d) Abrupt facies change caused by a strong
climatic change somewhat below the PTB

The predominant carbonate sediments of all conti-
nuous low latitude pelagic deposits are suddenly inter-
rupted, somewhat below the PTB, by a clayey-silty
horizon, the Boundary Clay (South China; Abadeh
and Shahreza in Central Iran; Jolfa and Zal in NW
Iran; e. g. Dorasham II, Sovetoshen, Achura in Trans-
caucasia; Gerennavar, Biikk Mts in Hungary). The
Boundary Clay begins at the base of the C. meisha-
nensis-H. praeparvus Zone, about 120,000 years
below the PTB according to astronomic calibration
(Kozur 2003a, b). The main extinction event of tropi-
cal warm water faunas was at the base of this horizon,
independently if it coincides with the beginning of
dysaerobic or anoxic sediments, or if it is situated
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Fig. 1:
Lower Triassic stages, substages and numerical ages.

Low latitude biostratigraphic zonations from KOZUR

(2003a, b). Magnetostratigraphy (M) of low latitude marine sediments after SCHOLGER et al. (2000), TONG JIN-
NAN (2005) and MUTTONI et al. (1996). Chronostratigraphic correlations of magnetozones of SCHOLGER et al.
and MUTTONI et al. modified according to text. Compiled radiometric ages in normal text, extrapolated

numerical ages in italics.

within red sediments deposited in an environment
without oxygen deficiency. In most shallow water
deposits the Boundary Clay is either not present, or it
cannot readily be recognised, because high-resolution
correlation with pelagic deposits is difficult, and thus
it is impossible to decide which of the numerous
clayey-silty beds might be the corresponding one.
However, at Gerennavar section, Biikkk Mountains of
Hungary, the Boundary Clay is well preserved in the
shallow water deposits between the highly fossilife-
rous Nagyvisnyd Formation (Badiota facies of Belle-
rophon Limestone) and the lower part of the dark-
grey, commonly laminated platy limestones of the
Gerennavar Formation, which contains only a few
fossils, all of Permian character (KOZUR 1988). As all
stenotherm warm-water fossils disappear at this level,
a rather dramatic climatic change is indicated, i. e. a
short-lasting rapid cooling.

Very different, but also abrupt, facies changes can
be observed in pelagic PTB sections of medium sou-

thern latitudes along the Perigondwana margin of the
Tethys. A particular good example is known from
Spiti (India), where the lithostratigraphy and ammo-
noid biostratigraphy of the uppermost Permian and the
Triassic of Spiti was revised and well described by
BHARGAVA et al. (2004) and KRYSTYN et al. (2004).
According to these authors, the black shales of the
Gungri Formation are separated from the overlying
Otoceras Beds of the basal Mikin Formation by a
rather long hiatus. The Gungri Shale was assigned to
the Wuchiapingian, the Otoceras Beds to the Triassic
H. parvus and lower I. isarcica Zones, but with a
strange range of C. meishanensis into the H. parvus
and |. isarcica Zones. This association is certainly
caused by both extremely strong condensation and
reworking. At the base of the Otoceras Beds there is a
yellowish-brownish ferruginous layer that was often
regarded as an indication of subaerial weathering, but
Prof. O. N. BHARGAVA, Haryana, did not assume a
subaerial gap (pers. comm.). In a roadcut at the nor-
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Ma | | Stage/Substage Ammonoid Zone/Subzone Conodont Zone Radiolarian Zone/Subzone
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Fig. 2:

Middle Triassic stages and substages; low latitude ammonoid, conodont and radiolarian zonations and numerical

ages after KOZUR (2003a, b). Further details see Fig. 1.

thern entrance of Guling village (Pin River), the soft
ferruginous layer grades laterally into strongly wea-
thered ferruginous limestone, both of which are rich in
conodonts including C. hauschkei Kozur, C. meisha-
nensis ZHANG, LAI, LING & Liu, Permian Clarkina of
C. carinata group, Hindeodus praeparvus KozUr and
H. typicalis (SWEET). All Clarkina of C. carinata
group are without a platform brim, thus indicating an
age older than the C. meishanensis-H. praeparvus Zo-
ne, where they have, as in younger beds, a distinct
platform brim. The fauna belongs to the C. hauschkei
Zone. Ammonoids are common, but poorly preserved.
Otoceras is absent and all ammonoids seems to be
xenodiscids. The overlying main part of the Otoceras
Beds contains a mixture of Triassic forms of the H.
parvus and I. isarcica Zones with Permian forms, such
as C. meishanensis (see ORCHARD & KRYSTYN 1998,
KRYSTYN et al. 2004). Because of extreme condensa-
tion and reworking there is no Boundary Clay preser-
ved. The upper Gungri Shale contains H. typicalis and
primitive Clarkina of the C. carinata group without
posterior platform brim, similar or identical with the
forms in the basal 3 cm of the Otoceras Beds. This
fauna certainly belongs to the Dorashamian, thus
excluding a longer hiatus between the pelagic Gungri
Shale and the overlying pelagic Otoceras Beds.

The reasons for the sudden change from the Gun-
gri Shale to the limestones of the Otoceras Beds are
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unknown. Both contain cool water faunas. One possi-
bility could be an abrupt shallowing, but the fauna
does neither indicate nor exclude it. Another possibility
could be a sudden warming, but the cool water fauna
below and above the facies change do not favour this
explanation. A third possibility, a strong increase in
productivity, is in contrast to Tethyan faunal develop-
ment around the PTB.

In continental beds of the low latitude arid girdle a
very pronounced facies change can be observed. De-
pending on the position in the individual basins, sedi-
ments of arid environments, like fanglomerates or hy-
persaline sabkha deposits, are abruptly overlain by con-
glomerates or sandstones, transported by large amounts
of running water, or by fresh water lake deposits
(claystones, siltstones and fine-grained sandstones
with conchostracans, Darwinula and charophytes).
This sudden shift can be seen both in the Permo-
Scythian of the European Tethys and in the Germanic
Basin. In the basinal parts of the Germanic Basin there
are widespread hypersaline and sabkha sediments of
the Zechstein overlain by fresh water lake and fluvial
deposits of the Lower Buntsandstein indicating a
dramatic climatic change from arid to humid conditions
at the Zechstein-Buntsandstein boundary. For about
0.2 myrs there was an “evaporite gap” without any
hypersaline deposits in the Germanic Basin and
worldwide. In the Germanic Basin it comprises the
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Fig. 3:

Upper Triassic stages and substages; ammonoid zonations, Tethyan and North American conodont zonations and
numerical ages after KOZUR (2003a, b). Further details see Fig. 1.

two lower short eccentricity cycles of the Calvorde
Formation. Higher up, semihumid, semiarid and arid
conditions prevailed in the Germanic Basin. Strong
climatic changes can also be observed in other con-
tinental basins with continuous sedimentation across
the PTB, such as in Gondwanan Australia, India and
South Africa. There, the humid Late Permian climate
with coal-bearing deposit changed into a more arid
conditions with predominantly red beds deposition.
However, a short humid interval occurred as well in
these areas around the PTB, as indicated by a spore-
dominated palynoflora. As the abrupt climatic change,
and hence the sedimentological change within the
uppermost Permian, is a little below the PTB, it can be
used to find the PTB in continental successions.

As a whole, almost everywhere there are indications
for strong climatic changes in the uppermost Permian
close to the PTB, except in the high southern latitudes.
These changes are rather abrupt and accompanied by a
strong extinction event in the low latitudes.

e) Microsphaerules

From the uppermost C. changxingensis-C. deflecta
Zone to the lower H. parvus Zone there is an approxi-
mately 0.3 myrs long interval with a relatively high
amount of cosmic and volcanic microsphaerules (Fig. 4)
consisting of iron oxide or molten silicates, even mol-
ten spinels (BACHMANN & KOzUR 2003, BACHMANN
et al. 2004). The highest concentration of cosmic micro-
sphaerules with a high Ni and often a high Cr content
can be found in the lower Boundary Clay, except its
very base. In the C. zhangi Zone there occur many
microsphaerules as well, mainly of volcanic origin, as
indicated by a high Ti content. Most of the microsphae-
rules have been found in marine sediments (HE 1985,
GAO ZHENGANG et al. 1987, HANSEN et al. 1987, TIAN
SHUGANG 1991, YIN HONGFU et al. 1992, YIN &
ZHANG 1996, DETRE et al. 1998, 2000, MIONO &
ZHENG 1998, SOLT et al., 2002), but they occur in
continental deposits too (WANG SHANGYAN & YIN
HoONGFU 2001, BACHMANN & KoOzUR 2002, 2003,
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Fig. 4:

Conodont, conchostracan, sporomorph zonation, microspaerule frequency around Permian-Triassic Boundary

(PTB) in Iran and Germany. Not to scale.
P — Permian, T — Triassic
M — Magnetostratigraphy after SZURLIES (2004a)
X — Stromatolites
Arrows 1, 2, 3 — short eccentricity cycles
Frequency of microspaerules:

® — very common, ® —common, O —moderately common, o—rare, -— very rare (sporadic)

1 — levels of mass extinction
max. — maximum

BACHMANN et al. 2003, 2004, PENG YUANQIAO et al.,
2002, 2005, in press). In combination with other
events they can be used for global stratigraphic corre-
lation, as first proposed by DETRE & DON (1996).
Some of the iron oxide microsphaerules are of biotic
origin, fills of prasinophyte algae, which occur in both
marine and fresh water environments (HANSEN et al.
1987, 2000, YIN HONGFU et al. 1992). Those micro-
sphaerules must not be eliminated for correlation, as
Prasinophytes are typical disaster biota, which occur
in times of strong ecological stress, as was the case
around the PTB. Abundant prasinophyte occurrences
around the PTB are not present below and above the
mass occurrences of volcanic and cosmic microsphae-
rules, instead their occurrence is rather more restricted
to the interval Boundary Clay to lower H. parvus Zone.

f) Microbialites (stromatolites, thrombolites)

Microbialites  including  stromatolites  and
thrombolites have a distinct maximum in the H.
parvus Zone (Fig. 4). They begin either in this zone or
in the underlying M. ultima-S. ? mostleri Zone. The
PTB lies either at the base or, more commonly, within
this short interval. Broken stromatolite crusts may
occur in continental beds as well, in equivalents of the
lower H. parvus Zone (BACHMANN & KOZzZUR 2002,
2003).

In summary, the evaluation of all biota and events
around the PTB allows a very detailed correlation
around the PTB and the immediately under- and
overlying beds, not only within different marine
facies, but also with continental beds (see chapter 4).

2.2 Lower Triassic

For a long time only one stage, the Scythian, was
used for the Lower Triassic, despite the fact that the
Scythian was introduced originally as a Lower Trias-
sic Series. New results have shown that the Lower
Triassic is rather short and could fit well into one
stage. MENNING (1995) assumed 10 myrs for the Lo-
wer Triassic, whereas MENNING (Stratigraphic Table
of Germany 2002) reduced it to 7 myrs. LEHRMANN et
al. (2002) calculated 4 myrs for the Lower Triassic
based on their own radiometric data (247 Ma for the
base of the Anisian) and 251 Ma for the base of the
Triassic (BOWRING et al. 1998). KozUR (2003a, b)
calculated 5.6 myrs for the Lower Triassic on the base
of radiometric data and astronomic calibration with
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Milankovitch cycles. Our own investiga-tions have
confirmed the latter value.

The stage and substage names and their historical
development were discussed in some detail by KOZUR
(2003a, b). He stated that the Induan has the worst
original definition of all Triassic stages, originally
comprising the largest part of the lower Olenekian
(Smithian) and the uppermost Permian (KIPARISOVA
& Poprov 1956), too. In its present range it cor-
responds exactly to the Brahmanian of MOJSISOVICS
et al. (1895), originally the most precisely defined
stage. Thus, for reasons of priority and with regard for
the great pioneers of Triassic stratigraphy and palae-
ontology, the term Brahmanian should be used rather



BACHMANN, G. H. & KOzUR, H. W.

than the term Induan, which was introduced 60 years
later and re-defined differently several times. This is
also true for the substage Gangetian, which can be
used unchanged (e. g. KRYSTYN et al. 2004). The
lower half of Griesbachian, on the other hand, is
Permian. The Dienerian is well defined but is a junior
synonym to the Gandarian of MOIJSISOVICS et al.
(1895), which was established earlier for more than
half a century. In this paper the priority names Brah-
manian Stage, Gangetian Substage and Gandarian
Substage are used.

The base of the Gandarian is generally defined with
the base of the Sweetospathodus kummeli Zone (Ko-
ZUR 2003a, b). Only KRYSTYN et al. (2004) used the
base of the overlying Neospathodus dieneri Zone.
From a biostratigraphic standpoint there is no prefe-
rence for the one or the other zone because S. kummeli
is neither a Neospathodus nor the forerunner of Neo-
spathodus. However, the Gandarian Substage would
become extremely short if defined with the base of the
N. dieneri Zone. It would be shorter than the palaco-
magnetic 2n interval (see Fig. 1), which comprises
only 0.4 myrs according to astronomic calibration
(Bernburg cycles 4 to 7, see Fig. 13). The duration of
the Gangetian, on the other hand, would be more than
1.3 myrs. If the S. kummeli Zone is assigned to the
Gandarian, as generally accepted, the duration of the
Gandarian is between 0.6 and 0.7 myrs according to
astronomic calibration (uppermost part of Calvorde
cycle 10 and Bernburg cycles 1 to middle of 7), and
that of the Gangetian is somewhat less than 0.9 myrs.

The base of the Olenekian is at the base of the
Flemingites flemingianus Zone, which coincides with
the FAD of Neospathodus waageni Sweet. A candida-
te for the GSSP is Chaohu in China (TONG JIN-NAN et
al. 2004), which has ammonoids, conodonts and is
thermally not altered, allowing palaeomagnetic investi-
gations. Important new data were published in TONG
JIN-NAN et al. (2005, in press). The base of the Olene-
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kian is immediately below the top of 2n (Fig. 1). This
base was checked in the shallow marine section Pufels
(Bulla), where SCHOLGER et al. (2000) published very
precise palacomagnetic data with, however, poor chro-
nostratigraphic correlation. They correlated the top of
2n with the middle Dienerian. The top of 2n, however,
is situated about 2.6 m below sample Bu 45 of
FARABEGOLI & PERRI (1998) with Pachycladina
obliqua STAESCHE, an undoubtedly Lower Olenekian
(Smithian) conodont species. Own re-sampling of a
thin limestone bed around the top of 2n yielded P.
obliqua as well, whereas the deeper samples belong to
the Hadrodontina anceps zone of the upper Ganda-
rian. Thus, the correlation of the Olenekian base a
little below the top of 2n could be confirmed, a very
good palaeomagnetic marker for correlation with con-
tinental beds in the Germanic Basin.

PAYNE et al. (2004) indicated a strong positive
excursion in 8'°Cq,p, around the base of the Smithian.
Their correlation with the conodont zonation in this
level is not very precise because there is a conodont-
free interval in their conodont ranges between the top
of the N. dieneri-N. cristagalli fauna of the upper
Gandarian and the "Platyvillosus" (= Eurygnathodus)
- N. waageni conodont fauna of the Smithian. In the
Pufels (Bulla) section, the distinct positive excursion
has a maximum at sample Bu 48 of FARABEGOLI &
PERRI (1998), according to astronomic calibration
about 0.35 myrs above the base of the Smithian, but
clearly within the lower Smithian (KORTE et al., in
press). The same positive excursion can be found in
the Germanic Basin within cycle 11 of the Bernburg
Formation, at exactly the same time above the conti-
nental Olenekian base.

The base of the Upper Olenekian (Spathian) lies at
the base of the Tirolites fauna and the base of the
Triassospathodus hungaricus conodont zone (KOZUR
2003a, b), i. e. within the palacomagnetic interval 4n.

2.3 Middle Triassic

There is general agreement between the ammonoid
and conodont workers to define the base of the
Anisian with the FAD of the conodont Chiosella
timorensis (NoGAMI). The precise distinction of this
species from C. gondolelloides (BENDER) is important.
The platform of C. timorensis reaches at least on one
side to the posteriormost denticle or surrounds it as a
very narrow posterior brim. The platform of C.
gondolelloides, on the other hand, ends on both sides
before the posteriormost denticle. The length of the
forms is not decisive because very long C. gondo-
lelloides occur already in the lower C. gondolelloides
Zone. During the Val Gardena Meeting 2003, Prof. E.
GRADINARU, Bucharest, and H. KOZUR compared the
ammonoid boundary of Gradinaru (at the base of am-
monoid horizon GR 7 and DC 3 of the Anisian base
GSSP candidate Desli Caira, Romania; GRADINARU et
al. 2002, GRADINARU 2003) and confirmed the coinci-
dence of the ammonoid boundary with the conodont

boundary at the FAD of C. timorensis according to the
above mentioned taxonomic definition.

There is a pronounced positive excursion of
8"3C..y, around the base of the Anisian (e. g
ATUDOREI 1999, PAYNE et al. 2004, KORTE et al., in
press), which can be used for correlating the lower
boundary of the Anisian. Important for the correlation
with the continental Olenekian-Anisian boundary is
the specific palaeomagnetic pattern around this boun-
dary that was first recognised by MUTTONI et al.
(1996) in the Kg¢ira section, Albania. As in that time
C. gondolelloides was considered to be a juvenile
form of C. timorensis, the boundary was drawn too
deep, within the uppermost Spathian. GRADINARU
(2003) presented the exact correlation of this palaeo-
magnetic succession with his ammonoid boundary,
which corresponds to the FAD of C. timorensis (see
above) for the base of the Anisian. The palacomag-
netic pattern around the Olenekian-Anisian boundary
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and its correlation is shown in Fig. 1. The base of the
Anisian lies within a very short reversed interval
between two likewise very short normal intervals.

The base of the Bithynian is defined by ammono-
ids and conodonts (see Fig. 2; MUTTONI et al., 1996,
KozuURr 2003a, b). Auxiliary markers are the FAD of
Costatoria costata (ZENKER) s. s. with 16-17 extra-
areal ribs (in the Aegean C. costata has 10-13, rarely
14-15 extra-areal ribs), the FAD of Myophoria
vulgaris (von SCHLOTHEIM), and, in continental beds,
the FAD of Euestheria albertii albertii (VOLTZ), the
Bithynian index species of Eurasia, North and South
America.

The magnetisation of the Lower Anisian (Aegean
and Bithynian) is predominantly normal. The lower-
most Aegean comprises two short reversed horizons,
separated by a short normal interval (Fig. 1), in the
lower of which the base of the Anisian is situated (see
above). A somewhat longer reversed interval, which
can be recognised easily, occurs in the uppermost
Aegean to lowermost Bithynian between two long
lower Anisian normal intervals. It is important for the
correlation of the marine Lower Anisian with conti-
nental beds. However, one should not use palacomag-
netic data without careful consideration of biostrati-
graphy, as this may lead to serious miscorrelations.

The base of the Pelsonian is defined with the base
of the Balatonites balatonicus Zone, overlying the B.
ottonis Zone, in the GSSP Asz6f6, Balaton Highland
(VOROS 2003). In the Germanic Basin the Balatonites
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ottonis-Acrochordiceras-Noetlingites fauna below the
Oolithbank Member of the Jena Formation (Lower
Muschelkalk) can be assigned to the Bithynian by am-
monoids, e. g. Acrochordiceras damesi (NOETLING)
and Balatonites ottonis (vON BUCH), which are both
present in the upper Bithynian strata of the Pelsonian
GSSP. These beds were already considered to repre-
sent the upper part of the Lower Anisian (upper
Bithynian) by Kozur (1974, 1999), mainly on the
base of microfaunas.

The base of the Illyrian is generally placed at the
base of the Paraceratites trinodosus Zone (Fig. 2).

In 2004, the International Subcommission on
Triassic Stratigraphy accepted the base of the Eopro-
trachyceras curionii Zone as the Ladinian base at the
Bagolino GSSP, Southern Alps, Italy (BRACK et al.
2003). The base of the Longobardian, however, is not
yet well established, as the Protrachyceras margari-
tosum-P. gredleri Zone is poorly defined by ammono-
ids. The conodont and radiolarian fauna is equidistant
from those of the underlying Fassanian E. curionii Zo-
ne and the overlying Longobardian P. archelaus Zone.
The Fassanian would be very short (one ammonoid
Zone only), if the agreed base of the E. curionii Zone
is used as the base of the Ladinian and the base of the
Protrachyceras margaritosum-P. gredleri Zone as the
base of the Longobardian. For this reason we prefer
the base of the P. archelaus Zone as the base of the
Longobardian, but have shown both alternatives in
Fig. 2.

2.4 Upper Triassic

BROGLIO LORIGA et al. (1998) proposed the Stuo-
res Wiesen (Prati di Stuores) section in the Dolomites,
Italy, with the base of the Daxatina canadiensis Zone
at bed SW 4 as GSSP for the base of the Carnian. The
correlation of this boundary was already discussed by
MIETTO & MANFRIN (1995). With this correlation, the
base of the Frankites sutherlandi-D. canadiensis Zone
of British Columbia was included into the Carnian, as
already proposed by KOzUR (1976a) based on the fau-
nal character of this zone. The conodont zonation
around the Carnian base is not yet well established.
Paragondolella polygnathiformis (BUDUROV & STE-
FANOV) s. s. already occurs in the upper Ladinian of
Spiti, but P. noah (HAYASHI), which was mostly re-
garded as a junior synoynm of P. polygnathiformis,
may appear at this boundary. This cannot be checked
at the GSSP candidate because there is no gondolellid
facies.

Close to the base of the D. canadiensis Zone there
is a distinct change in sporomorphs. About 3.7 m above
the base of the zone (total thickness almost 150 m) in
the proposed GSSP Patinasporites densus LESCHIK,
Vallasporites ignacii LESCHIK and several other spe-
cies begin, which are important for the correlation with
the Germanic Triassic. The conchostracan species
Laxitextella multireticulata (REIBLE) begins close to
this Carnian base, too. The suggested base of the
Carnian at the base of the D. canadiensis Zone has a
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high correlation potential and is therefore supported
by us.

As pointed out by KOzUR (2003a, b), the priority
subdivision of the Carnian into the Cordevolian, Julian
and Tuvalian substages (MOJSOSIVICS et al. 1895)
should be preserved and is used in this paper (Fig. 2,
3). Lumping the original Cordevolian and Julian into a
new extended Julian substage (KRYSTYN 1974) viola-
tes the priority without convincing faunistic reason.
Very characteristic for the Cordevolian is the co-
occurrence of Ladinian and Carnian elements in all
fossil groups, whereas the Ladinian elements disap-
pear around the base of the Julian (see KOzZUR 2003b).
The high percentage of Ladinian elements, in addition
to the first occurrence of many Carnian forms, is the
reason why the Cordevolian was for a long time con-
sidered to represent the youngest substage of the Ladi-
nian. Finally, the strong faunistic differences between
the Cordevolian and Julian lead to a new two-fold
subdivision of the Julian sensu KRYSTYN (1974), i. e.
a Julian 1 and a Julian 2 (KRYSTYN 1978). However,
the Julian 1 does not correspond to the Cordevolian,
because it begins later (at the base of the Trachyceras
aon Zone) and ranges higher (until the top of the T.
aonoides Zone s. s., which is part of the original Julian).

The Julian begins with the Trachyceras aonoides
Zone, which is characterised by both the disappea-
rance of the last Ladinian holdovers and by the appea-
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rance of numerous new Carnian or Carnian-Norian
types in all stratigraphically important fossil groups,
especially well recognisable in radiolarian faunas.

The base of the Tuvalian at the base of the Tropi-
tes dilleri Zone is, regarding the conodonts, a kind of
extinction event characterised by the disappearance of
Gladigondolella (which, however, occurs only in Te-
thys). Regarding radiolarians there appear numerous
new species, but only a few new genera, partly
ranging up to the Jurassic. A correlation of the Julian-
Tuvalian boundary with continental deposits is very
difficult, because neither changes of the sporomorphs
and conchostracans, nor abiotic events (i. e. & 13C,
palacomagnetics) are well known and dated across this
boundary.

Several biostratigraphic boundaries can be used for
the base of the Norian. We have chosen the base of the
Stikinoceras kerri Zone (see Fig. 3), following TOZER
(e. g. 1974, 1994), which is close to the FAD of the
conodonts E. orchardi Kozur (Neotethys, northern
Tethys, ?North America) and the FAD of M. primitius
(MOSHER) s. s. (North America, Neotethys, but not
northern Tethys). This boundary does not show a
distinct change in radiolarians, which occurs higher
close to the base of the Epigondolella quadrata Zone.
This latter level would also be suitable as the base of
the Norian. MUTTONI et al. (2004) proposed the Pizzo
Mondello section as GSSP of the Norian base. We
agree with this proposal, because in this section both
E. orchardi (allowing a correlation with the northern
Tethys), and M. primitius s. s. (allowing a correlation
with North America) are present. Moreover, the rocks
in this section are unaltered (CAI = 1), which provides
a good palacomagnetic control (MUTTONI et al. 2004)
and hence a good correlation potential with the conti-
nental facies. However, further palacontological studies
(e. g. radiolarians) around the Carnian-Norian bounda-
ry and detailed investigation of carbon isotopes are
needed from the proposed section.

Regarding the conchostracans of continental lake
deposits, there is a distinct change from upper Carnian
faunas with many strongly sculptured Laxitextella (e.
g. fauna of the Coburg Sandstone, and contempora-
neous faunas in Texas), to weakly sculptured lower
Norian fauna of Howellisaura and Euestheria (e. g.
fauna of the Lockatong Formation in the Newark Ba-
sin). Magnetostratigraphically, this Norian base is in
the uppermost E 7n magnetozone (sensu KENT &
OLSON 1999, 2000, OLSEN & KENT 1996, 1999) of the
Newark Basin, in the uppermost SB 3n.3n magneto-
zone of Silickd Brezova, Slovakia (CHANNELL et al.
1999, 2002, 2003), and in the uppermost PM 4n
magnetozone of Pizzo Mondello (Sicily). In all cases
mentioned, as well as in the correlations by KRYSTYN
et al. (2002) and GALLET et al. (2003), the Tuvalian is
characterised by frequent reversals, whereby the nor-
mal parts are much longer than the reversed ones. The
lower Norian, on the other hand, shows palacomag-
netic zones with relatively short normal and long re-
versed parts. Close to the Norian base sensu CHAN-
NELL et al. (2003), there is positive shift of & *C from
1.4 to 2.6 %o (MUTTONI et al. 2004).

The Germanic Triassic

In North America, the base of the Alaunian can
well be separated from the lower Norian with both
ammonoids and conodonts. In the Tethys there is a
clear separation only according to ammonoids, where-
as most of the early Norian conodonts continue into
the Alaunian. The Alaunian conchostracan fauna in
Eurasia and North America is characterised by Shipin-
gia, which ranges up into the lower Sevatian.

The base of the Sevatian is well defined in marine
beds by ammonoids, conodonts (Fig. 3) and radiola-
rians. Continental Sevatian biota are not well correla-
ted with marine beds with respect to their lower and
upper boundaries. The Sevatian, however, shows a
normal magnetisation, except in its lowermost and
upper part.

There are many problems regarding the Norian-
Rhaetian boundary, mainly because of different defini-
tions of the base of the marine Rhaetian. This can be
shown best if the correlation of the different bases of
the marine Rhaetian are compared with the astronomi-
cally well calibrated Late Triassic of the Newark
Basin. CHANNELL et al. (2003) and MUTTONI et al.
(2004) calculated 19-20 myrs for the Norian and 67
myrs for the Rhaetian. GALLET et al. (2003), on the
other hand, came up with 25 myrs for the Norian and
2 myrs for the Rhaetian and, by this, rather with a
Norian Subsystem, comprising nearly half of the en-
tire Triassic System, than a Norian Stage. Therefore,
an important argument for the position of the Norian-
Rhaetian boundary is that the time span of Rhaetian
should not be so much reduced that the Norian is of
the time-span of a subsystem.

The priority for the base of Rhaetian is quite clear
as it was the first of all Triassic stages that was alrea-
dy established by GUMBEL (1861). Therefore, only the
lower boundary of those units, which were assigned to
the Rhaetian by GUMBEL, have to be considered. Later
assignments of certain beds to the Norian are irrele-
vant for priority reasons. GUMBEL (1861) defined the
Rhaetian with the Kossen Beds of the Alps, and in
areas outside the Alps with the FAD of Rhaetavicula
contorta, which is, however, very dependent on facies.
Most of the Kossen Beds begin close to the base of the
M. posthernsteini Zone (GAZDZICKI et al. 1979), a
boundary that was used by CHANNELL et al. (2003)
and MUTTONI et al. (2004) for correlating the base of
the marine Rhaetian with the continental Newark
Basin. However, as shown by GOLEBIOWSKI (1986,
1990) and KRYSTYN (1990), in some places the
Kossen Beds begin already within the underlying M.
hernsteini Zone. Thus, according to priority, the base
of the Rhaetian should be either at the base of the M.
posthernsteini Zone or at the base of the M. hernsteini
Zone. Any younger boundary would violate the prio-
rity. For a long time the Rhaetian was defined with the
FAD of Rhaetavicula contorta. According to
GOLEBIOWSKI (1990) this species begins within Unit 2
of the Hochalm Member of the Kossen Formation,
which is its oldest known occurrence. In Unit 2 there
is also the FAD of M. posthernsteini. The Rhaetian
sensu KRYSTYN (in Gallet et al. 2003) would comprise
only part of the original upper Rhaetian and, more-
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over, this boundary cannot be well correlated on a
global scale, not even in marine beds.

An applicable Rhaetian base was proposed by
CARTER (1993), who placed it above the top of the
Monotis beds at the base of the Paracochloceras
amoenum Zone of North America, which corresponds
to the Cochloceras suessi Zone and the Choristoceras
? haueri Zone of the Tethys. CARTER defined the base
with radiolarians at the base of the Proparvicingula
moniliformis Zone. Most radiolarians of this zone are
also present in Panthalassa and Tethys, but the zonal
index species occurs only in medium (? and high)
latitudes, but not in low latitude Tethys. In Baja Cali-
fornia, the conodont fauna of the lower M. post-
hernsteini Zone, with M. hernsteini (MOSTLER) and
M. posthernsteini KozurR & MOCK, occurs together
with radiolarians from the lower P. moniliformis Zone
(WHALEN et al. 2003, and lecture at Interrad 2003 in
Lausanne). The P. moniliformis radiolarian zone has
to be subdivided into 2 zones, corresponding to Sub-
assemblages 1 and 2 of CARTER (1993). As zonal
index forms such species should be chosen, which
occurs both in low latitude Tethys, low latitude Pan-
thalassa and in medium latitude deposits of western
North America.

The base of the P. amoenum Zone can be corre-
lated with the base of the C. suessi Zone in the Tethys
and would be an ideal marker for the base of the
Rhaetian as it can be correlated with the base of the
Orchardella mosheri Zone in western North America
and the base of the M. posthernsteini Zone in the
Tethys and Panthalassa.

Currently, the base of M. posthernsteini (= base of
the C. suessi ammonoid zone = base of the Paracochlo-
ceras amoenum Zone = base of the Orchadella moshe-
ri conodont zone) is used as the base of Rhaetian. It
can easily be correlated, and is in agreement with
CHANNELL et al. (2003) and MUTTONI et al. (2004) in
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the Tethyan Triassic and with CARTER (1993) and ORr-
CHARD & TOZER (1997) in North America. However,
the base of the M. hernsteini Zone is left as an
alternative base of the Rhaetian. Any base of the
Rhaetian younger than the base of the M. posthersteini
Zone is rejected because (a) it violates the priority
(GUMBEL 1861), (b) has a low global correlation
potential, and (c) would result in too long Norian of
subsystem character instead of stage character.

Especially misleading is the term Sevatian 2. Ori-
ginally introduced for the Sagenites reticulatus Zone,
it was later used for ammonoid-free deposits, too.
GALLET et al. (1996: p. 116) considered Cochloceras
to be the “Sevatian 2 zonal guide genus”. In this case,
the entire Sevatian 2 would belong to the Rhaetian M.
posthernsteini Zone (as used in the paper, CHANNELL
et al. 2003, MUTTONI et al. 2004) because the base of
the Cochloceras suessi Zone coincides roughly with
the base of the M. posthernsteini Zone (KOZUR 1996).
However, GALLET et al. (1996: Fig. 2) show that
ammonoids occur only in the upper Sevatian 2 of the
Scheiblkogel section, where no conodonts are present,
whereas Misikella hernsteini is present in the lower
Sevatian 2. In contrast to the definition by GALLET et
al. (1996), the Sevatian 2 is really defined with the
FAD of M. hernsteini. Thus, using our Rhaetian base,
the Sevatian 2 belongs either entirely to the Rhaetian
(ammonoid definition with Cochloceras), or the Rhae-
tian begins within the Sevatian 2 (conodont definition
with FAD of M. posthernsteini). When the FAD of M.
hernsteini is used as the base of the Rhaetian, Sevatian
2 would belong to the Rhaetian, but in its original
definition it contains also upper Sevatian beds below
the FAD of M. hernsteini. In summary, the problem of
the Sevatian 2 is very important for the correlation of
the Germanic Rhaetian with the marine scale because
by using Sevatian 2 some Rhaetian fau-nas would be
changed into Sevatian faunas.

3 Germanic Triassic

3.1 Lithostratigraphy and facies

Nowadays, the Germanic Triassic has the rank of a
supergroup, consisting of the three groups Buntsand-
stein, Muschelkalk and Keuper. Each of them is sub-
divided into three subgroups (e. g. Lower, Middle and
Upper Buntsandstein) which consist, in turn, of seve-
ral formations and members (BACHMANN 1998,
BACHMANN et al. 1999, MENNING in STD 2002; Figs.
5-7). Units of formation rank were earlier referred to
as “Folge”, a term that is sometimes used until today,
with a new definition as synchronous or quasi-
synchronous units (e. g. MENNING in STD 2002).

The Germanic Triassic may attain a thickness of
more than 3000 m in the basin centre. In the more mar-
ginal parts it is, on average, some 500—1000 m thick.

3.1.1 Buntsandstein
The first modern lithostratigraphic subdivision of a
unit of the Germanic Triassic was established by
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Boick (1951, 1957, 1959, 1961a, b) for the Buntsand-
stein based on a combination of geological mapping
and well logs in Niedersachsen (Lower Saxony). An
updated description of the Buntsandstein is given by
LEPPER & ROHLING (1998).

The base of the Lower Buntsandstein is characteri-
sed in large parts of the basin by the sudden change of
uppermost Zechstein redbeds of hypersaline sabkha
character (Fulda Formation/Brockelschiefer) into the
fluvial and fresh water lake deposits (Calvorde Forma-
tion) consisting of sandstones, shales and oolites, so-
called “Rogensteine” (roestones). This change was
caused by a rather dramatic climatic shift of an arid
climate to a short interval of humide climate cor-
responding to the short eccentricity cycles 1 and 2 of
the Calvorde Formation. The base of the Calvorde
Formation is drawn at the base of the first distinct
sandstone interval. Whereas the lower part of the Cal-
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vorde Formation is relatively rich in conchostracans,
Darwinula and partly charophytes, all indicating do-
minantly fresh water, its upper part is rather poor in
fauna suggesting hypersaline conditions of the playa
deposits in an again semiarid to arid climate. A certain
brackish influence might have been temporarily pre-
sent in the lower part of the Calvorde Formation as
indicated by the brackish-water ostracod Callicythere
mazurensis (STYK). However, it occurs there together
with Darwinula and common conchostracans, indica-
ting fresh water to mesohaline deposits, and, therefore,
the brackish influence was obviously very weak. Cha-
rophytes, which occur in the central parts of the basin
as well, indicate continental lakes and non-marine
sedimentation. A marine transgression at the base of
the Lower Buntsandstein Baltic Formation in Poland,
as assumed by NAWROCKI (2004), can be excluded
because of the occurrence of conchostracans, Darwi-
nula and charophytes.

The Bernburg Formation begins commonly with a
thick oolithic limestone (oolite { 1), in the more mar-
ginal parts of the Basin with a thick sandstone. Cha-
racteristic for the basinal environments is a facies shift
from predominantly hypersaline sabkha deposits in the
upper Calvorde Formation to conchostracan-rich fresh
water playa deposits in the Bernburg Formation.

The Volpriehausen, Detfurth, Hardegsen and Sol-
ling Formations of the Middle Buntsandstein are cha-
racterised by predominantly fluvial sandstones inter-
fingering with fresh water lake deposits. The indivi-
dual formations have commonly a thick, often coarse-
grained basal sandstone overlying a longer or shorter
hiatus, with the exception of the Hardegsen Forma-
tion, which follows on the Detfurth Formation without
a gap (Fig. 5).--

In addition to the traditional formations of the
Middle Buntsandstein, ROHLING (1999) introduced the
Quickborn Sandstone, a relatively thick unit occuring
between the Bernburg and Volpriehausen Formations
in the centre of the basin. If compared with the other
formations it can be regarded as a member of the Vol-
priehausen Formation.

Parts of the predominantly continental Middle
Buntsandstein indicate a certain marine or brackish in-
fluence, which is strongest in the upper part of the
Volpriehausen Formation, the so-called Avicula Beds,
where it extends from the central parts of the basin
into Thuringia. Indicators are acritarchs (SCHON 1967)
and small brackish-water forms of the otherwise
marine bivalve Bakevellia (“Avicula™) murchisoni
(GEINITZ). However, large conchostracans are some-
times mistaken for bivalves, like up to 12 mm long
Magniestheria mangaliensis (JONES), which is also
common in mesohaline brackish intercalations in ma-
rine Werfen Beds of Hungary (Kozur & Mock
1993). In the Solling area there occur relatively large
specimens of B. murchisoni, the large B. ? geinitzi
(FRITSCH) as well as Unionites sp., which all indicate
a relatively strong marine influence (LEPPER &
UCHMANN 1995, KOZUR & LEPPER, in prep.). These
beds are probably brachyhaline marine because they

The Germanic Triassic

do not contain any conchostracans. Hypersaline playa
lake deposits occur in the Solling Formation.

The Upper Buntsandstein (R6t Formation) consists
of marine, hypersaline, and brackish deposits. Hyper-
saline marine beds with gypsum and halite occur at its
base. Continental beds (with soil horizons) containing
conchostracans, vertebrates and vertebrate footprints
are present in the marginal parts of the basin. The
conchostracans allow a good correlation within the
Rot between marine and continental beds, as they may
occur in brackish intercalations of marine beds.

3.1.2 Muschelkalk

The Muschelkalk is the most marine part of the
Germanic Triassic and one of the oldest litho-
stratigraphic terms worldwide (FUCHSEL 1761). It is
subdivided into the fully marine Lower Muschelkalk,
the predominantly hypersaline Middle Muschelkalk
and the again fully marine Upper Muschelkalk.
Traditionally, many wunits, mostly named after
common fossils or typical lithology, have been in
use. Several marker beds can be traced in large parts
of the basin, like the Terebratelbank in the Lower
Muschelkalk or the Cycloidesbank in the Upper
Muschelkalk allowing a high-resolution lithostra-
tigraphy. A modern lithostratigraphic subdivision of
the Muschelkalk into formations and members has
been suggested by HAGDORN et al. (1998). Fig. 6
shows only the major formations in the basinal parts
of the Germanic Basin.

The base of the Muschelkalk is in large parts of the
central and western Germanic Basin, a quasi-isochro-
nous dolomitic limestone bed, the so-called ’Grenz-
gelbkalk”. In Upper Silesia and southeastern Poland,
close to the connecting gates to the Tethys realm, the
fully marine Muschelkalk facies begins earlier than in
the central and western Germanic Basin, in the so-
called Lower Gogolin Beds, corresponding to the
Myophorienschichten of the upper R6t Formation in
the central and western parts of the basin. At the
western basin margin, on the other hand, the onset of
Muschelkalk facies is later, e. g. the Upper Voltzia
Sandstone of Lorraine (in Buntsandstein facies) is
time-equivalent to the lowermost Jena Formation
(Lower Muschelkalk) in the central parts of the basin
(KozURr 1974).

The Middle Muschelkalk begins with the slightly
hypersaline dolomites of the Karlstadt Formation
overlying the fully marine Schaumkalkbank Member
of the Lower Muschelkalk. The Heilbronn Formation
is hypersaline and contains anhydrite, gypsum, halite
as well as dolomites and shales. An especially inter-
esting facies change occurs in the Diemel Formation
of the upper part of Middle Muschelkalk. In the nor-
thern parts of the basin a strong fresh water input from
northerly to northeasterly directions caused the
hypersaline facies to change into oligo- to miohaline
brackish grey to reddish marls with many charophytes,
Darwinula and brackish water ostracods (KOZUR
1971). Further to the south the influence of fresh water
caused mesohaline environments and, in Thuringia,
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meso- to pliohaline brackish environments. In south-
western Germany, the same interval shows a plio-
haline brackish to brachyhaline marine environment.
Following this fresh water influx there was an in-
gresssion of seawater into the basin, first in its deepest
parts. The transgression is indicated by brachyhaline
marine limestones with chert nodules that mark the
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base of the fully marine limestones and marls of the
Upper Muschelkalk. The Upper Muschelkalk of the
basin centre is subdivided into the Trochitenkalk
Formation and the Meissner Formation (Fig. 6).

The upper boundary of the Upper Muschelkalk is
the most diachronous lithological boundary of the
Germanic Basin. Following the Cycloidesbank vy, in
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Correlation of the Germanic Middle Triassic with the international chronostratigraphic scale, short eccentricity
cycles and radiometric numerical ages. Further details see Fig. 5.

the entire northeastern part of the basin, the marine
facies of the Ceratitenschichten is replaced by brachy-
haline marine to brackish grey shales, siltstones and
sandstones with common plants debris, similar to the
Lettenkeuper facies. Further to the northeast this fa-
cies grades into reddish shales, siltstones and a few

sandstones containing an oligohaline to mesohaline
ostracod fauna and charophytes (KOZUR 1971, 1972b, c,
1976b). These facies belts shifted with time in a
southwesterly direction until, finally, the Muschelkalk
facies was replaced by the Lettenkeuper facies in the
entire Germanic Basin (KOZUR 1971, 1976b).
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Fig. 7:
Correlation of the Germanic Upper Triassic with the international scale and numerical ages. Rhaetian base not
yet decided upon (probably at 206 to 205 Ma). Further details see Fig. 5.

3.1.3 Keuper

The term Keuper in a stratigraphic sense was first
used by KEFERSTEIN (1824) and HOFFMANN (1825) as
a “formation” between the Muschelkalk and Liassic.
Like the Buntsandstein and Muschelkalk, it is subdi-
vided into three parts, the Lower, Middle and Upper
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Keuper. Following GUMBEL (1861) the Upper Keuper
has frequently been named as the Rhaetian.

BEUTLER (1998) introduced a modern subdivision
of the Keuper with 6 formations for the basinal facies
(Fig. 7). The Lower Keuper (Lettenkeuper, Letten-
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kohlenkeuper) was called the Erfurt Formation. The
Middle Keuper was subdivided into the Grabfeld For-
mation (Lower Gipskeuper), Stuttgart Formation
(Schilfsandstein and Dunkle Mergel), Weser Forma-
tion (Upper Gipskeuper) and Arnstadt Formation
(Steinmergelkeuper).

Some problems exist with the uppermost Arnstadt
Formation, which is an equivalent to the lower and
middle Postera-Schichten. It is separated from the main
body of the Arnstadt Formation by a relatively long
hiatus (Fig. 7).

The Upper Keuper was called the Exter Formation
comprising the marine Contorta-Schichten and, after a
short hiatus, the continental Triletes-Schichten and

The Germanic Triassic

can be considered, from a genetic standpoint, to repre-
sent two formations.

Several large gaps are present within the Keuper
(Fig. 7). Many of them have been known for a long
time, but were not shown in most lithostratigraphic
tables. Their significance was especially shown by
WOLBURG (1969), BEUTLER & SCHULER (1978),
BEUTLER (1979, 1995), DUCHROW (1984a, b), DITT-
RICH (1989), FRISCH & KOCKEL (1999), NITSCH
(2002), NITSCH et al. (2002) and KOZUR & BACH-
MANN (2003). The time associated with the different
hiatuses can be estimated only if there are well-dated
beds above or below the hiatus.

3.2 Cyclicity and possibility of astronomic calibration of the Germanic Triassic

3.2.1 Milankovitch cyclicity in the Triassic

In the Quaternary the following Milankovitch
cycles can be observed, which can be explained in
terms of orbital motion (MILANKOVITCH 1941): pre-
cession cycles (19 and 23 kyrs), obliquity cycles (41
kyrs) and eccentricity cycles (95, 123, 413 kyrs). Al-
though the predictibility of the earth orbit is lost with-
in a few tens of million years (LASKAR 1989), the dura-
tion of the Milankovitch cycles can be also estimated
for earlier geological times. Most important is the
study of the stacking patterns of the cycles, as was
done in the Newark Basin by KENT & OLSON (1999,
2000) and OLSON & KENT (1996, 1999). They found
basic so-called Van Houten cycles, short modulating
cycles, intermediate McLaughlin cycles, and long
modulating cycles. On average, the short modulating
cycles contain 5 Van Houten cycles (between 4 and 6,
mostly 5), whereas the McLaughlin cycles contain 4
short modulating cycles. OLSON & KENT (1996) assig-
ned the Van Houten cycles to the ~20,000 years preces-
sion cycle, the short modulating cycle to the ~100,000
year short eccentricity cycle, the McLauglin cycle to the
~400,000 year long eccentricity cycle and the long
modulating cycle to a ~2 myrs eccentricity cycle. This
would mean that the Milankovitch cyclicity of the
Triassic is caused by orbital movements similar to the
recent ones, with the exception of the ~2 myrs cycle. In
the Newark Basin the McLauglin cycles are best
recognised, whereas the ~2 myrs eccentricity cycles are
the least distinct. Based on these data, and using 202
Ma for the Triassic-Jurassic boundary, OLSON & KENT
(1996) calculated the base of the astrochronologically
dated deposits of the Newark Basin at 233 Ma.
CHANNELL et al. (1999, 2002, 2003), KRYSTYN et al.
(2002), GALLET et al. (2003) and MUTTONI et al. (2004)
presented a new correlation of the Newark continental
Upper Triassic with the international scale by
comparison of magnetostratigraphic data in the Newark
Basin (e. g. KENT et al. 1995, KENT & OLSON 2000)
with marine magnetostratigraphy in Silickd Brezova
(Western Carpathians, Slovakia), Turkey, the Alps and
Pizzo Mondello (western Sicily). They recognised that
the base of the astrochronological dated beds in the
Newark Basin (lower Stockton Formation) corresponds

to the lower Tuvalian, which is in agreement with
vertebrate correlation (HUBER et al. 1993). Using
~200 Ma for the Triassic-Jurassic boundary (199.6 Ma
according to radiometric data from well-dated marine
beds by PALFY et al. 2000), the base of the astro-
chronological dated beds of the Newark Basin is at
231 Ma. As discussed by CHANNELL et al. (2003), this
fits very well with the base of the Carnian at 237 Ma
(5 myrs for the Tuvalian, 6 myrs for the Cordevolian
and Julian), and the 238 Ma radiometric age for the
Protrachyceras archelaus Zone (MUNDIL et al. 1996,
PALFY et al. 2003). This convincingly confirms the
results of KENT and OLSON, and also confirms their
assumption that the length of the Milankovitch cycles
has not been significantly changed since the Triassic.
The only radiometric dating in the entire Late Triassic,
the 225 + 3 Ma for a level close to the base of the
Norian (GEHRELS et al. 1986, 1987), coincides with
the magnetostratigraphically correlated and astrochro-
nologically dated base of the Norian in the Newark
Basin by CHANNELL et al. (2003) at 226 Ma.

Whereas there seem to be few problems with Mi-
lankovitch cyclicity in continental playa lake deposits,
the evaluation of Milankovitch cyclicity in open-sea
marine deposits is often more difficult, as is best de-
monstrated on the Middle Triassic Latemar carbonate
platform. According to HINNOV & GOLDHAMMER (1991)
and GOLDHAMMER et al. (1990), a minimum time span
of 11 myrs can be estimated for the Latemar platform
according to supposed Milankovitch cyclicity when ex-
trapolated to the recorded sequence. According to ra-
diometric dating, however, the sedimentation of the
Latemar carbonate platform was much shorter (BRACK
et al. 1996, MUNDIL et al. 2003, ZUHLKE 2003, ZUHL-
KE et al 2003). This suggests clearly the presence of
Triassic sub-Milankovitch cycles in marine beds, which
seem not to be present in continental playa lake de-
posits. The basic sub-Milankovitch microcycle on Late-
mar carbonate platform is 4.2 kyrs. Therefore 4-5 of
those microcycles are within one precession cycle of
~20 kyrs. This was the reason why, without knowing the
radiometric data, the precession cycles were regarded as
~100 kyrs short eccentricity cycles and the basic sub-
Milankovitch microcycles as precession cycles.
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Therefore we support the opinion of ZUHLKE et al.
(2003) that “cyclostratigraphic models require an
integrated approach including bio- and chronostrati-
graphic data”, similar to magnetostratigraphy.

Similar sub-Milankovitch cycles, which may, in
part, be caused by oceanic tidal cycles, are well known
from the Quaternary, too (e. g. 1800 years cycles;
KEELING & WHORF 2000).

In open sea marine environments, the orbitally in-
duced insolation changes translate into sea-level
cycles by the waxing and waning of ice caps, volume
changes of alpine glaciers, thermal expansion and
retraction of oceans’ surface waters, volume changes
in deep-water circulation, and water retention and
release in lakes and aquifers (STRASSER & SAMAN-
KASSOU 2003). Under icehouse conditions this may
lead to very distinct, but often highly asymmetrical,
cycles with high amplitude, above all the 100 kyrs
eccentricity cycles. During greenhouse conditions, as
was the case in the Triassic, the volumes of ice were
not sufficient to induce significant glacio-eustatic
fluctuations of the sea-level. At that time only the
other processes mentioned above may cause cyclic
sea-level fluctuations, but with low amplitude and more
symmetrical cycles (STRASSER & SAMANKASSOU
2003). These orbitally induced low amplitude cyclic
sea-level fluctuations are difficult to distinguish from
other low amplitude cyclic sea-level fluctuations.
Moreover, sedimentary cyclicity may become over-
printed by non-cyclic tectonic events, current-trans-
ported sediments and by local factors, like pre-existing
morphology of the sea floor that may have influence
on carbonate-producing organisms, fluctuations in
productivity by climatic changes, different nutrient
supply etc.

In Triassic continental playa lakes, the cyclic cli-
matic changes had a direct influence on sedimentation,
mainly by cyclic changes in humidity and aridity, thus
causing considerable fluctuations of water influx into
the lakes. This resulted in different amounts and grain-
sizes of transported sediments, pronounced fluctua-
tions of water depth and size of the lakes, cyclic chan-
ges of fresh water and hypersaline conditions, and
hence the deposition of evaporites. Tidal-forced cyclic
changes and other sub-Milankovitch cyclicity do not
exist in the continental realm, and the sedimentation
rates are not substantially influenced by bioproduc-
tion. Vegetation may have some influence on the rates
of sedimentation, but not on its cyclicity. The shortest
distinct cycles, as it seems, can be attributed to the
~20 kyrs precession cycle. If cross-correlation with
marine beds is possible, a very high time resolution can
be expected, e. g. for the Newark Upper Triassic,
Lower Buntsandstein and other units of the Germanic
Triassic.

3.2.2 Milankovitch cyclicity in the Germanic
Triassic

Many sediments of the Germanic Lower and
Middle Triassic show a well developed cyclicity. The
cycles occur in continental, mixed continental-marine,
marine and hypersaline deposits and are best recog-
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nised in the basinal facies of terrestrial playa lake
systems. Most of the cycles are between 1-2 m and
10-25 m thick and have often been used, by purpose
or unconciously, for stratigraphic subdivision and cor-
relation (“lithostratigraphic cycles”). At the first glan-
ce they are mostly asymmetrical “fining-upward”,
“coarsening-upward” or “shallowing-upward” cycles,
similar to the “parasequences” of sequence stratigra-
phic concepts. Alternatively, they can sometimes be
interpreted as more or less symmetrical “transgres-
sive-regressive cycles”, “baselevel cycles” or “high-
frequency sequences”. Although important for sedi-
mentological studies, the type of interpretation seems
to be of minor significance for the recognition of Mi-
lankovitch signals. This paper postulates that most
small-scale cycles of the Germanic Triassic are
Milankovitch cycles and uses them for calculating the
time span of the individual formations and members
as well as for the improvement of the numerical ages
of cross-correlated stage boundaries. We are well aware
of the possible pitfalls of our approach and consider it
as a step to further, more thorough, evaluations inclu-
ding time-series analyses (WEEDON 2003).

Not all cycles present are Milankovitch cycles, but
from the Buntsandstein to the Middle Muschelkalk
most seem to represent well pronounced ~100,000
year eccentricity cycles. To identify the cycle stacking
pattern as a Milankovitch cyclicity, an average of five
precession cycles (mostly 5, sometimes 4, rarely 6; as
in the Newark Basin, see above) should be present in
each short eccentricity cycle throughout a continuous
succession consisting of several short eccentricity
cycles. Even more convincing is Milankovitch cyclici-
ty, if ~400,000 year eccentricity cycles can be recog-
nised as well.

In general, the short eccentricity ~100,000 year
cycles are best developed in the Lower and Middle
Triassic of the Germanic Basin and have, therefore,
been used as the base of lithological cycles. Preces-
sion cycles (~20,000 years) are more or less well de-
veloped, too. However, ~400,000 year eccentricity cy-
cles are not well developed in most formations, much
in contrast to the Newark Basin, where ~400,000 year
(McLaughlin) cycles are developed best. The different
manifestation of Milankovitch cyclicity in the Germa-
nic Basin (situated north of the Triassic Tropic of
Cancer) and the Newark Basin (situated around the
palaecoequator) is, perhaps, caused by the different pa-
laecolatitudes. However, there is another possible
explanation. If the data of TOUGIANNIDES (2004) can
be confirmed that the best recognisable cycles in the
middle to upper Norian Arnstadt Formation (Stein-
mergelkeuper) are indeed ~400,000 year cycles, this
would suggest a remakable coincidence to the Upper
Triassic of the Newark basin. Thus, possibly, for rea-
sons still unknown, the ~100,000 year short eccentri-
city cycles would be best developed in the Lower and
Middle Triassic, as is the case in the Germanic Basin,
and the ~400,000 year cycles in the Upper Triassic (at
least the Norian), as in the Germanic Basin and the
Newark Basin.

Obliquity cycles of ~40,000 years are not, or not
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well, recognisable, neither in the Upper Triassic of the
Newark Basin nor in the Germanic Lower and Middle
Triassic. However, for the marine Middle Triassic
Latemar carbonate platform, the ~40,000 year obli-
quity cycles are readily recognised, the ~20,000 year
precession cycles and the ~100,000 year short eccen-
tricity cycles as well, but not the ~400,000 year cycles
(MUNDIL et al. 2003, ZUHLKE et al. 2003). The latter
is understandable because even in continental lake
deposits, with very well developed precession and
short eccentricity cycles, the ~400,000 year cycles are
mostly not well recognisable in the Lower and Middle
Triassic. To date it is not possible to decide if cycles
of 2 myrs are present in the Germanic Triassic because
of the many gaps.

Lower Buntsandstein cycles

Best investigated is the cyclicity of the Lower
Buntsandstein as shown for the Calvérde Formation in
Figs. 8—10 after SZURLIES (2001). Most obvious in the
basinal facies are 10-20 m thick fining upward-cycles
with sandstones and oolites at their bases and shales in
their upper parts (e. g. BEST 1989, BRUNING 1986,
PAUL & KLARR 1987, ROHLING 1991, 1993, SZURLIES
2001, 2004a, b). They can well be recognised in out-
crops and gamma-ray logs of boreholes and can be cor-
related in large parts of the basin and have been inter-
preted as ~100,000 year eccentricity cycles, e. g. by
PAUL (1993), Szurlies (2001) and GELUK & ROHLING
(1999). This is supported by their subdivision into 5,
sometimes 4, smaller cycles, which we inter-pret to
represent ~20,000 year precession cycles (Figs. 8, 9).

According to GELUK & ROHLING (1999) and
SzURLIES (2001) the Calvorde Formation consists of
10 short eccentricity cycles. We interpret 11 Milan-
kovitch cycles by subdividing cycle 4 sensu SZURLIES
into two subcycles 4 a and 4 b, each of which repre-
sents one ~100,000 year short eccentricity cycle and
consists, in turn, of 5 or 4 ~20,000 year precession
cycles (Figs. 5, 8, 9). The ~400,000 year eccentricity
cyclicity can be only recognised if lithocycle 4 is
subdivided into two short eccentricity cycles resulting
in two complete and 3/4 of a third long eccentricity
cycle to be present in the Calvorde Formation (Fig.
10). The sandy intervals at the bases of the individual
~100,000 year cycles are much thicker than in the
underlying Fulda Formation of the Zechstein (Figs. 8,
10). This is the expression of strong climatic change,
from a long lasting arid climate in the Zechstein to a
more humid climate in the Lower Buntsandstein,
causing a relatively high fluvial input of coarser
clastic material (see chapter 2.1).

SZURLIES (e. g. 2001) defined 10 lithostratigraphic
cycles in the Bernburg Formation of similar character
as in the Calvorde Formation. The uppermost cycle 10
contains the conchostracan fauna of the M. subcircu-
laris Zone. Conchostracan studies suggest one more
cycle exists in the Halle area and in the Solling Moun-
tains, which contains the M. truempyi Zone and the
lower M. rybinskensis-L. radzinskii Zone, resulting in
a total of 11 cycles (Fig. 5, 13; KOZUR & SEIDEL 1983a,
b, KOZUR & LEPPER, in prep.). The underlying cycle
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10 in these areas also belongs to the M. subcircularis
Zone. The presence of an 11th Bernburg cycle in the
Solling Mountains with its very characteristic concho-
stracan faunas is important, as ROHLING (1991, 1993)
and GELUK & ROHLING (1999) defined 14 cycles in
the more central parts of the basin including the Sol-
ling Mountains. Thus, it seems that not all cycles of
GELUK and ROHLING are short eccentricity cycles.

Middle Buntsandstein cycles

The several 100 m thick Middle Buntsandstein
consist of numerous fining-upward cycles similar to
those of the Lower Buntsandstein, but with many more
sandstones. In the Volpriehausen Formation, 17 litho-
stratigraphical cycles were defined by GELUK & ROH-
LING (1999), but only 9 cycles by SZURLIES (2004b).
Similar to the Bernburg Formation, the area investiga-
ted by SZURLIES is not in the basin centre, where the
number of cycles should be higher than 9. The 17
cycles of GELUK & ROHLING (1999), on the other
hand, are most likely not all short eccentricity cycles.
Currently, our best estimate is that the Volprichausen
Formation has between 9 and 14 short eccentricity
cycles, and we have used 11 cycles for calculating its
duration (Fig. 5). ROMAN (2003) determined 4 litho-
stratigraphic cycles in the Volpriehausen Formation,
which can be correlated from Germany to Poland, but
do not represent Milankovitch cycles.

The cyclicity of the Detfurth, Hardegsen and Solling
formations is established only in part (BINDIG 1991,
ROHLING 1991, GELUK & ROHLING 1999). Therefore,
the respective 3, 8 and 5 Milankovitch cycles of these
formations are only preliminary estimations (Fig. 5).
Additionally, the biostratigraphic and time intervals of
the gaps in the Middle Buntsandstein have to be esti-
mated and taken into account for numerical calcula-
tions (Fig. 5). The first, however, is only possible if
the under- and overlying beds have different sporo-
morph associations or faunas and the missing biostra-
tigraphic unit is known outside of the Germanic Basin.
For instance, the upper Hardegsen Formation is cha-
racterised in the basinal facies of Germany by a
Densoisporites nejburgii association with few Cyclo-
verrutriltes presselensis Schulz. Overlying the Har-
degsen Formation and the so-called “H-Unconformi-
ty” there occurs in the lower Solling Formation an
association dominated by Voltziaceaesporites hetero-
morphus Klaus, which contains only a few D. nejbur-
gii (ScHULZ) Balme. In the upper, but not uppermost,
Csopak Marl Formation of Hungary there is a further
association between two sporomorph associations,
which are very similar to those of the Germanic Basin
below and above the “H-Unconformity”. It is domi-
nated by D. nejburgii but also containing 11-25 % V.
heteromorphus. In its lower part rare C. presselensis is
present. This interval corresponds to the T. homeri-T.
triangularis Zone of middle Spathian age. In this case
the biostratigraphic interval, which is absent in Ger-
many (but in its lower part present in central Poland;
KozUR 1999) due to the “H-Unconformity”, can be
recognised rather well. This helps to estimate the dura-
tion of the gaps, but, as no radiometric ages or
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Milankovitch cycles were investigated in the Olene-
kian of Tethys, the duration of the gaps within the
Olenekian of the Germanic Basin can only be estima-
ted approximately (Fig. 5).

Upper Buntsandstein cycles

9 cycles are recognised in the 150-300 m Upper
Buntsandstein R6t Formation (EXNER 1999). As most
of them can be subdivided into 5 smaller cycles, we
consider them as short eccentricity cycles.

Muschelkalk cycles

The Lower Muschelkalk (Jena Formation) is about
100 m thick and consists mostly of marine marlstones,
thin-bedded micrites and intercalated bioclastic or oo-
litic limestones that show a pronounced cyclicity, first
recognised by FIEGE (1938). Detailed work by several
authors (e. g. GOTZ 2002, 2004, GOTZ & FEIST-BURK-
HARDT 2000, GOTZ & WERTEL 2002, KEDZIERSKI
2002) identified some 20 small-scale cycles that are
mostly a few metres thick and were interpreted as
either asymmetrical shallowing-upward parasequences
or more or less symmetrical baselevel cycles or high-
frequency sequences. We agree with GOTZ (2004) that
the 20 cycles of the Jena Formation and the beginning
of a 21st cycle are short eccentricity cycles (Fig. 6).
We assign the same numbers of cycles as GOTZ
(2004) did to the individual members of the Jena
Formation, i. e. the three Wellenkalk Members, which
are subdivided by the Oolithbank Member (OB) and
the Terebratelbank Member (TB). However, for the
Schaumkalkbank Member, which has two cycles and
the beginning of a third cycle (GOTZ 2004), we assign
3 cycles, as BRUCKNER-ROHLING & HEUNISCH (2004)
did, to avoid decimals in the cycle numbers of the
Schaumkalkbank Member (and by this in the Jena
Formation) and the overlying Karlstadt Formation of
the Middle Muschelkalk. Altogether, there are 4 short
eccentricity cycles in the Schaumkalkbank Member
and the Karlstadt Formation, whereby one of them
straddles the formation boundary.

The nine shallowing-upward evaporite cycles of
the, on average, 100 m thick Middle Muschelkalk (e.
g. ROHLING 2002, BRUCKNER-ROHLING & HEUNISCH
2004) can all be interpreted as short eccentricity
cycles (Fig. 6). Each of the cycles is normally about
10 m thick and can be correlated in large parts of the
basin. In areas of high subsidence, however, the
Middle Muschelkalk may attain thicknesses of several
100 m. This is mainly due to thicker-than-normal salt
deposits in some of the cycles.

The Upper Muschelkalk, which is on average 100 m
thick, consists in most parts of the basin of an
alternation of well-bedded marlstones, micritic and
bioclastic limestones. Its pronounced cyclicity was
first established by AIGNER (1985) and ROHL (1988).
AIGNER determined up to 13 shallowing-upward cycles
between the base of the Upper Muschelkalk and the
Spiriferinabank, and up to 19 cycles between the
Spiriferinabank and the base of the Hauptterebratel-
bank. Four further cycles are present from the Haupt-
terebratelbank to the top of the Upper Muschelkalk.
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At least three of AIGNER’s cycles can be further sub-
divided into two or three cycles (e. g. AIGNER 1985:
Fig. 76, section 27, from below: cycle 8 twofold
subdivision, cycle 12 threefold subdivision, cycle 13
twofold subdivision). Thus, as a whole, some 40 cy-
cles can be recognised. As the Upper Muschelkalk com-
prises about 4 myrs (according to dense radiometric
dating of the biostratigraphically correlated beds in the
Southern Alps and Hungary) they most likely repre-
sent short eccentricity cycles (Fig. 6). However, only
few of these cycles show precession cycles. GAERT-
NER (1993) determined only 10 cycles in the Upper
Muschelkalk, but they cannot be compared with those
by AIGNER (1985), as they are exclusively based on
gamma ray and sonic logs. The time relation of Lower,
Middle and Upper Muschelkalk is 20:9:40, whereas
GAERTNER’s (1993) cycle relation is 13:13:10, thus
obviously not related to Milankovitch cyclicity.

Keuper cycles

NITSCH (2005, in press) gives a detailed review of
Keuper cyclicity.

The Lower Keuper (Erfurt Formation), from which
an average thickness of 30-50 m has been recorded,
consists of an alternation of shales and dolomitic car-
bonates with some fine-grained channelised sand-
stones of variable thicknesses. The formation exhibits
a pronounced cyclicity across the basin. Based on
earlier work of SEIDEL (1965) and KASTNER (1972),
BEUTLER & SCHUBERT (1987) and BEUTLER et al.
(1999) determined 6 cycles across the entire Germanic
Basin. POPPELREITER (1998) determined 10 symmetri-
cal baselevel cycles and AIGNER et al. (1990) 12
shallowing-upward cycles. Our tentative best estimate
are 8 short eccentricity cycles (Fig. 6), each which
contain 5 or 4 cycles, which may be precession cycles.
The duration of the gap between the Muschelkalk and
Keuper is unknown, the supposed 0.2 myrs are cer-
tainly a maximum value.

The lower Grabfeld Formation (below Estherien-
schichten) is on average 100—150 m thick and consists
in large parts of the basin of shaly redbeds with dolo-
mite beds and gypsum layers (BEUTLER et al. 1999).
Thick halite deposits occur in some parts of the basin
centre and the South German subbasin. VON FREY-
BERG (1954, 1965) was among the first who described
the pronounced cyclicity of the Grabfeld Formation.
He determined 4 large prograding fining-upward cycles
in the marginal Benk facies of northeastern Bavaria.
HAUSCHKE (1985) and HAUSCHKE & ROHL (1988)
described some 26 small-scale cycles in the lacustrine
basinal facies of northwestern Germany between the
base of the Grabfeld Formation and the Bleiglanzbank
equivalent. In southwestern Germany, AIGNER &
BACHMANN (1992a, b) defined 17 (—19) small-scale
cycles between the base of the Grabfeld Formation
and the Bleiglanzbank. Most of these shallowing-up-
ward cycles are only 1-2 m thick. These contain abun-
dant gypsum that can be deposited rapidly. It is thought
that they represent precession cycles. This would
correspond to 4 short eccentricity cycles. NITSCH
(1997) described similar small-scale cycles stacked
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into 2 mesocycles between the base of the Grabfeld
Formation to the base of the Bleiglanzbank, which are
over long distances recognisable, but cannot be as-
signed to any Milankovitch cyclicity.

The interval between the Bleiglanzbank and base
of the Engelhofen Horizont (Acrodus-Corbula Hori-
zont) consists of an alternation of shaly redbeds with
dolomite beds and gypsum layers. Brunner (1988) de-
termined 4 units (based on different rock colours) that
contain up to 25 small-scale cycles, which we consi-
der to be precession cycles. NITSCH (1997) described
3 mesocycles that consist of numerous small-scale cy-
cles. We have tentatively assigned 5 short eccentricity
cycles for that interval, resulting in a total of 9 short
eccentricity cycles for the Grabfeld Formation below
the Estherienschichten (Fig. 6). A supposed hiatus at
the base of the Engelhofen Horizon (upper Grabfeld
Formation; Carnian) is probably very short and we
have assigned only 0.1 myrs to this.

In summary, Erfurt Formation and lower Grabfeld
Formation (Longobardian) together exhibit approxi-
mately 17 short eccentricity cycles. This results, inclu-
ding gaps, in some 2 myrs, which fits well with the
time span of the Langobardian (Fig. 6).

The Upper Triassic is several 100 m thick and con-
sists mostly of shaly redbeds, fluvial sandstones and
some gypsum deposits (BEUTLER et al. 1999). Halite
deposits occur in some parts of the basin centre. Cycli-
city is, to date, not yet well established and needs fur-
ther work. Several long gaps in the stratigraphic record
have impeded the calculation of numerical ages (Fig. 7).
The predominantly fluvial sandstones and shales of
the 20—60 m thick Stuttgart Formation (Schilfsandstein)
may comprise three cycles (BACHMANN & BEUTLER
1996). Milankovitch cyclicity is not attributed because
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of a basal hiatus and additional internal gaps of un-
known duration as well as the lateral shift of the river
systems.

In the Weser Formation and its equivalents (Fig. 7)
there is a distinct cyclicity of different scales in the
basinal shaly redbeds as well as in the more fluvial
deposits of the basin margin (e. g. FREYBERG 1965,
BRENNER & VILLINGER 1981, SEEGIS 1996, BACH-
MANN et al. 1998: p. 189, HORNUNG & AIGNER 2004).
Strong pedogenic overprint may, however, obliterate
bedding and cycles in some parts (BEUTLER et al.
1999).

Promising attempts have been made to establish
Milankovitch cyclicity in the marlstones and dolomi-
tes of the Arnstadt Formation (KELLNER 1997, REIN-
HARDT & RICKEN 2000, TOUGIANNIDES 2004). TOU-
GIANNIDES (2004) established in the main part of the
Arnstadt Formation numerous precession, obliquity
and short eccentricity cycles that bundle to 17 long
eccentricity (~400,000 years) cycles, which would
correspond to 6.8 myrs. If it can be confirmed that
~400,000 years cycles are best developed in the
Norian Arnstadt Formation, much in contrast to the
Lower and Middle Triassic formations of the Germa-
nic Triassic, this would be a remarkable coincidence
to the Norian of the Newark Basin. An open question
is the relation to large prograding fining-upward
cycles of the marginal facies in southwestern Germany
(e. g. Lowenstein Formation; FREYBERG 1965, BREN-
NER & VILLINGER 1981).

No cycles were determined so far in the Exter For-
mation, but it seems to be possible, especially in the
central and western part of the Germanic Basin
(SEELING 2000, SEELING & KELLNER 2002).

4 Correlation of the Germanic Triassic with the international scale

4.1 Buntsandstein

The correlation of the Lower and Middle Bunt-
sandstein is mainly based on conchostracans (Figs.
11-13), which are well correlated with marine faunas
(e. g. KOzUR 1993b, 1998a, b, 1999, KOZUR & MOCK
1993). KOZUR et al. (in press) revised some concho-
stracan zones of Lower Buntsandstein, and correlated
them with the cycles and magnetozones (Fig. 13) as
established by SZURLIES (2001) and modified in this
paper.

The PTB (base of the Gangetian Substage of Brah-
manian Stage) was placed by KOZUR (e. g. 1993a, b,
1998a, b, 1999) at the boundary between the Falsisca
postera and F. verchojanica conchostracan zones.
This boundary is found in the entire central part of the
Germanic Basin, but can also be recognised in more
marginal parts (PTASZYNSKI & NIEDZWIEDZKI 2004b,
2005, in press, for the Holy Cross Mts). This boundary
can be confirmed by sporomorph and abiotic events, e.
g. by a distinct minimum in 813Corg (Fig. 8; H. J. HAN-
SEN, Copenhagen, pers. comm., HIETE 2003, 2004,
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HIETE et al. 2004) and 8"°C.,, (Figs. 4, 8; KORTE &
KOzuUR, in prep.). Furthermore it is supported by a set
of events at and below the PTB that can also be recog-
nised in pelagic PTB sections of China and Iran (Fig. 4;
see section 2.1). The PTB is in the lower part of the
so-called Oolith o 2, one precession cycle above the
base of the second short eccentricity cycle of the Cal-
vorde Formation, i. e. ~120,000 years above the base
of the Buntsandstein (Figs. 4, 8).

NAWROCKI (2004) and NAWROCKI et al. (2005, in
press) correlated the PTB with a short reversed mag-
netozone within the uppermost Zechstein, named “Or*
in Fig. 5. The reason for this correlation was an as-
sumed short reversed interval around the PTB of Mei-
shan, which was already rejected by Kozur (2004)
and SZURLIES & KOZUR (2004), and is now shown not
to be present by new measurements of Chinese and
Japanese specialists (pers. comm. Prof. YIN HONGFU,
see section 2.1).

The base of the Gandarian is correlated with the
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base of the M. seideli Zone in the upper part of cycle
10 of the Calvorde Formation. Outside of the Germa-
nic Basin, the strongly spined Vertexiidae of this zone
are only known from the Gandarian. TONG JIN-NAN et
al. (2005, in press) have shown that the base of the S.
kummeli Zone, corresponding to the base of the pela-
gic marine Gandarian, lies in Chaohu (China) in the
middle part of a reversed magnetozone. If this position
is real (and not only caused by graphic presentation),
the base of the Gandarian would be one ~100,000
years cycle higher, within the upper part of cycle 1 of
the Bernburg Formation. SZURLIES (2001) found this
reversed horizon (1r in Figs. 1, 5 and 13) in the Ger-
manic Basin, where it ranges from the middle part of
cycle 9 of the Calvorde Formation up to the top of
cycle 3 of the Bernburg Formation. Currently, the Gan-
darian base is placed at the biostratigraphic boundary
(base of M. seideli Zone).

Kozur & SEIDEL (1993a, b) have shown the base
of the Olenekian (base of Smithian, in that time named
as Jakutian) to be within the upper Bernburg Forma-
tion, and KozUR (1993a, b, 1999), KozUR & MOCK
(1993) and KOzUR & LEPPER (in prep.) gave additio-
nal evidences. Most of the Smithian index species are
known from sections with interfingering of marine
and brackish to fresh water beds in the Tethys and in
Siberia (KOZUR & MOCK 1993). SHEN YANBIN et al.
(2002) found Magniestheria truempyi Kozur & SEI-
DEL, the index species of the second highest concho-
stracan zone of the Bernburg Formation, even in Ma-
dagascar close to marine beds with Flemingites, the
ammonoid index genus of the lower Smithian.

MENNING (2000) adopted that correlation, which is
also shown in MENNING & GSC (2002). SZURLIES
(2004a, b) and NAWROCKI et al. (2005, in press), how-
ever, correlated even the lower Volpriechausen Forma-
tion with the Gandarian (Dienerian). The reason for
this miscorrelation seems to be in part an erroneous
correlation of the respective magnetozones by SCHOL-
GER et al. (2000), who extended the Gandarian (Die-
nerian) to at least the middle of the Campil Member
(upper Smithian). The correlation of the magnetozones
by SCHOLGER et al. (2000) around the Olenekian base
is discussed in section 2.2. As pointed out there, it is
only somewhat below the top of magnetozone 2n, as
was also shown by TONG et al. (2005).

BEUTLER & SzULC (1999) placed the base of the
Olenekian within the lower Polczyn Formation of
Poland corresponding to a level within the Detfurth
Formation. Densoisporites nejburgii (Schulz) Balme
is strongly dominant in this level, as it is typical for
lower Spathian. Thus, the correlation by BEUTLER &
SzuLc (1999) is an entire substage too high.

According to SZURLIES (2001, 2004a, b), the only
normal magnetozone of the Bernburg Formation ends
around the base of cycle 8. Thus, the Olenekian base
should be somewhat lower, within cycle 7. Here it is
placed between the E. nodosocostata Zone s. s. and
the C. germari-M. subcircularis A. Z.

The biostratigraphically and magnetostratigraphically
correlated base of the Olenekian in the continental
beds of the Germanic Basin can be also confirmed
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with carbon isotopes by comparison with the Pufels
(Bulla) section. There occurs a distinct positive 81C
excursion somewhat more than 3 short eccentricity
cycles above the Olenekian base (KORTE et al., in
press). In the Germanic Basin, a distinct positive §'°C
excursion is present in the lower M. truempyi Zone,
likewise somewhat more than 3 short eccentricity
cycles above the base of the Olenekian (KORTE &
KOZzuR, in press).

As shown in Figs. 5 and 12, the Detfurth, Hardeg-
sen and the largest part of the Solling Formation
belong to the Spathian. This is indicated by both con-
chostracans and sporomorphs (KOZUR & SEIDEL
1983a, b, Kozur 1993, 1999). BRUGMAN (1986)
assigned the Hardegsen Formation and the largest
parts of the Solling Formation to the Spathian. Howe-
ver, the strong dominance of D. nejburgii and of the
Pleuromeia sternbergi megaspore (= Talchirella daciae
ANTONESCU & TAUGOURDEAU-LANTZ), which cha-
racterise the base of the Spathian, begins already in
the lower Detfurth Formation. Moreover, the transition
from the Smithian Magniestheria mangaliensis to the
Spathian M. deverta (NOVOZHILOV) occurs in the
uppermost Volprichausen Formation indicating that
the base of the Spathian is not far from this level.

Conchostracan studies of KOZUR & LEPPER (in
prep.) have shown that the Anisian begins with the
Stammen Beds of the upper Solling Formation, which
have the same Aegean conchostracan fauna as the lo-
wer to middle Rt Formation below the Dolomitische
Grenzbank. This Aegean conchostracan association is
characterised by Euestheria albertii mahlerselli Kozur
& LEPPER n. subsp. and Palaeolimnadia alsatica
alsatica (REIBLE). All typical Spathian conchostra-
cans, such as Euestheria exsecta (NOVOZHILOV) and
Palaeolimnadia nodosa (NOVOZHILOV), are absent in
the Stammen Beds, but still present below this level.
By the assignment of the Stammen Beds and its equi-
valents to the Solling Formation we confirm BRUG-
MAN (1986), who had already shown this correlation
based on palynological studies. The significance of
palynological studies in beds, which had not yielded
any fauna in that time, is therefore demonstrated. Un-
fortunately, this dating was later not taken into consi-
deration. The assignment of the Stammen Beds to the
Anisian means that the contemporaneous Thuringian
Chirotherien-Sandstein belongs to the Aegean too.
Until now, the tetrapod footprints of this level were re-
garded as a typical Lower Triassic footprint association.

The base of the Bithynian lies at the base of the
Dolomitische Grenzbank (DGB) within the upper Rot
Formation (Fig 6). Its equivalents in Franken (Franco-
nia) contain typical Bithynian euryhaline marine bi-
valves and the first Euestheria albertii albertii
(VoLt1z) (KOzUR et al. 1993), thus showing an inter-
fingering of mesohaline brackish conchostracan-bea-
ring beds with pliohaline brackish to brachyhaline ma-
rine bivalve-bearing beds. E. albertii albertii can be
found in continental lake deposits throughout Eurasia,
but also in North and South America. Therefore this
correlation of the marine and continental Bithynian base
in the Germanic Basin, is of outstanding importance
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Fig. 11:

Conchostracan zonation in the uppermost Zechstein (upper Fulda Formation/upper Brockelschiefer) and Lower
Buntsandstein (Calvorde Formation and Bernburg Formation). Not to scale.

Ranges of the index species and some selected other species are also shown. Scale for conchostracans = 1 mm.
The lithostratigraphic Members of the Calvorde and Bernburg Formations in the Thuringian Basin are shown in
the 3" column. Arrows indicate the time of conchostracan migration into the Germanic Basin after facies-
controlled conchostracan free intervals. QS = Quickborn Sandstone.

1 = Falsisca eotriassica KOzUR & SEIDEL; 2 = Falsisca postera KozUR & SEIDEL; 3 = Falsisca verchojanica
(NovozHILOV); 4: Molinestheria seideli KozUr; 5 = Vertexia tauricornis LJUTKEVICH; 6 = Estheriella
bachmanni Kozur & HAUSCHKE; 7 = Cornia germari (BEYRICH); 8 = Estheriella marginostriata Kozur; 9 =
Estheriella nodosocostata (GIEBEL), 10 = Estheriella costata WEiss; 11 = Magniestheria ? subcircularis
(CHERNYSHEV); 12 = Magniestheria truempyi KozUR & SEIDEL; 13 = Lioleaiina radzinskii KOZUR & SEIDEL; 14
= Magniestheria rybinskensis (NOVOZHILOV), range below the Volprichausen Formation is shown (for upper
range and illustration see Fig. 12).
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Conchostracan zonation in the Middle and Upper Buntsandstein. Not to scale.

The ranges and illustratations (except Hornestheria sollingensis KozUr & LEPPER n. gen. n. sp.) of the index
species and of some selected species are shown. Scale for conchostracans = 1 mm. QS = Quickborn Sandstone.
13 = Lioleaiina radzinskii KozUR & SEIDEL; 14 = Magniestheria rybinskensis (NOvVOzHILOV); 15 =
Magniestheria mangaliensis (JONES); 16 = Mangiestheria deverta (NovozHILOV); 17 = Palaeolimnadia alsatica
detfurthensis Kozur & SEIDEL; 18 = Palaeolimnadia nodosa (NovozHILOV); 19 = Euestheria exsecta
(NovozHILOV); 20 = Euestheria albertii mahlerselli Kozur & LEPPER n. subsp., slender morphotyp; 21 =
Euestheria albertii mahlerselli Kozur & LEPPER n. subsp., stout morphotyp; 22 = Hornestheria sollingensis
KOzUR & LEPPER 1. sp., due to space only the range is shown; 23 = Palaeolimnadia alsatica alsatica REIBLE; 24
= Euestheria albertii albertii (VoLT1Z); 25 = Dictyonatella dictyonata (REIBLE).
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Conchostracan zones (KOZUR et al., in press) of the Lower Buntsandstein and their correlation with the litho-
cycles and magnetozones, sensu SZURLIES (2001). Cycle 4 of the Calvorde Formation subdivided into two short
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46



BACHMANN, G. H. & KOzUR, H. W.

for the international correlation of continental beds.

There are numerous palynological and palaeontolo-
gical data, which prove an Aegean to lower Bithynian
age of the R6t Formation. The Theelia mostleri holo-
thurian fauna of the R6t Dolomite above the hypersa-
line basal R6t Formation is well dated in Tethys. From
Nepal to the Kiire Basin in northern Turkey, this fauna
occurs in the Aegean C. timorensis Zone (e. g. KOZUR
1999, KozuRr et al. 2000). After the Permian-Triassic
biotic crisis, holothurian sclerites did not exist in the
Lower Triassic of the Tethys, not even in Hallstatt
Limestones, the facies most favoured by holothurians
(KOZUR 1998a, b). During the Aegean C. timorensis
Zone, holothurians re-settled Tethys, and invaded from
the Kiire Basin through the Dobrogea and East Carpa-
thian Gate the Germanic Basin as well. All other marine
faunas of the Rt show Anisian age, too. The Anisian
ammonoid genus Beneckeia already begins in the
dolomites of the lower R6t Formation with B. tenuis
(VON SEEBACH), and the Bithynian species B. buchi
(VON ALBERTI) has its FAD in the upper Rot Forma-
tion. The lower Rot bivalves consists of long-ranging
forms and species, which begin within the Aegean.
The upper Rot bivalves contain species, which begin
in the Tethyan Bitynian (see chapter 2.3). The con-
tinental flora and fauna of the R6t Formation shows
Aegean to lower Bithynian age, too. As clearly shown
by BRUGMAN (1986), the sporomorph association of
the entire ROt is Anisian, with the Anisian index
species Hexasaccites thiergartii (MADLER) KOZUR
and numerous other Anisian sporomorphs. The Eocy-
clotosaurus vertebrate fauna of the R6t Formation (e.
g. ORTLAM 1970) indicates also an Anisian age (HUNT
& Lucas 1993: p. 49). E. albertii albertii, which has
its FAD in brackish equivalents of the Dolomitische
Grenzbank, is the Bithynian conchostracan guide form
of Eurasia, North and South America.

NAWROCKI & SzuLCc (2000) and NAWROCKI
(2005) found these biostratigraphic data not convin-
cing, especially not the holothurian sclerites, and cor-
related by comparison of palacomagnetic reversals the
entire R6t with the Olenckian. The Anisian base was
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placed within the lowermost Muschelkalk of Poland,
which corresponds to the Myophorienschichten of the
uppermost R6t Formation in Germany (e. g. KOZUR
1974, KEDZIERSKI 1999). BEUTLER & SZULC (1999)
used this erroneous correlation of the Anisian base as
well.

The assignment of the R6t Formation to the Olene-
kian is based on the correlation of the reversed magne-
tozone in the upper R6t Formation with the interval
Kg¢lr (MUTTONI et al. 1996) of the uppermost Olene-
kian. However, the reversed interval in the upper Rot
Formation actually corresponds to the reversed interval
K¢2r of the Kgira section that straddles the Aegean-
Bithynian boundary (MUTTONI et al. 1996), as clearly
shown by fauna and palynology.

If the palacomagnetic data of NAWROCKI & SZULC
(2000) are correlated correctly, under consideration of
biostratigraphy, they are indeed of great significance
for correlation at global scale. Below the reversed
interval in the upper R6t Formation of Poland, there is
a relatively long normal magnetozone beginning in the
dolomites of the lower R6t Formation after a long gap
(NAWROCKI et al. 2005). Compared with the marine
palacomagnetic succession (Fig. 1), even the lower
R6t dolomites are, therefore, not older than the upper
part of lower Aegean. As the lowermost hypersaline
R6t, underlying the lower Rot dolomites, has a very
short duration (probably not longer than a short eccen-
tricity cycle), there is not enough time for the entire
lower C. timorensis Zone of the lower Aegean (with 3
reversals, see Fig. 1) in the basal hypersaline Rt For-
mation. Therefore, the proper correlation of palaeo-
magnetic data by NAWROCKI & SzULC (2000) indica-
tes that the base of the Anisian must be below the base
of the Rot (if a gap between Solling and Rt Formation
can be ruled out), thus confirming the palynological
data of BRUGMAN (1986) and the above mentioned
Aegean age of the conchostracan fauna of the Stam-
men Beds. Even the very short reversed horizon with-
in the Aegean K¢2n at Kcira section, which is only
indicated by a single measurement, seems to be pre-
sent in the lower R6t (NAWROCKI & SzuLcC 2000).

4.2 Muschelkalk

VOROS (2003) defined the base of the Pelsonian at
the GSSP in the Balaton Highland (Hungary) with the
base of the Balatonites balatonicus Zone s. s., and as-
signed the B. ottonis fauna of the Germanic Basin (Lo-
wer Wellenkalk Member and Oolithbank Member) to
the upper Bithynian. This confirms the conodont cor-
relation by KOZUR (e. g. 1974, 1999). It indicates that
the correlation of the upper half of the R6t with the
Pelsonian by palynologists (e. g. BRUGMAN 1986, Vis-
SCHER et al. 1993) must be caused by different FAD
of important guide forms in the Alps and the Germa-
nic Basin.

The Pelsonian base lies above the Oolithbank Mem-
ber and is characterised by the FAD of Nicoraella
kockeli (TATGE), an important Pelsonian guideform in
the Tethys, too. Pelsonian macrofaunas (ammonoids,
brachiopods; see KOZUR 1974) are as well present in

the middle and upper Wellenkalk.

The Tethyan ammonoid Judicarites appears in the
Schaumkalkbank Member. In the Southern Alps, it be-
gins within the uppermost Pelsonian, in the youngest
Balatonites fauna close to the Pelsonian-Illyrian boun-
dary, and ranges into the lower Illyrian (BRACK et al.
1999). In the Schaumkalkbank Member, it occurs to-
gether with last Pelsonian forms, such as Schreyerites
binodosus (HAUER), an ammonoid fauna indicating
uppermost Pelsonian. Somewhat higher up, above
equivalents of the Karlstadt Formation, a rich dasycla-
dacean association begins in Upper Silesia, which
consists almost exclusively of Diplopora annulatissima
P1A, a typical Illyrian association.

The base of the Ladinian was confirmed at the base
of the E. curionii Zone by the STS in 2004. Following
this decision, most of the Upper Muschelkalk is Ani-
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sian in age. The base of the newly defined Ladinian
lies somewhat above the Cycloidesbank y, within the
upper enodis-laevigatus Zone (or within the lower
sublaevigatus Zone sensu URLICHS 1991). This is in
agreement with the sequence stratigraphic interpreta-
tion of AIGNER & BACHMANN (1992) and VISSCHER et
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al. (1993) who identified the Cycloidesbank vy level (or
immediately above it) as a maxium flooding surface.
In the Southern Alps, the maximum water depth was
within the Nevadites interval or slightly above (chie-
sense groove), as pointed out by BRACK et al. (1999).

4.3 Keuper

The base of the Longobardian can be determined
by sporomorphs at the base of the Erfurt Formation
(VISSCHER et al. 1993). It is important to note, that
according to URLICHS & TICHY (2000), Myophoria
kefersteini MUNSTER occuring in the Bleiglanzbank
(Grabfeld Formation, Unterer Gipskeuper) is in fact not
the Carnian guideform M. kefersteini kefersteini MUN-
STER, but the upper Ladinian guideform M. kefersteini
okeni (EICHWALD), thus solving the problem that the
Bleiglanzbank seemed to have a (middle) Carnian
guideform, whereas in the much younger basal part of
the Estherienschichten (upper Grabfeld Formation)
there occurs a conchostracan fauna that is characte-
ristic of the Ladinian-Carnian boundary (KOzUR 1999).
Likewise, sporomorphs indicate an early Carnian
(Cordevolian) age of the Estherienschichten (MOST-
LER & SCHEURING 1974, SCHEURING 1970, 1978), if
the base of Carnian is defined with the base of D. ca-
nadiensis Zone (BROGLIO LORIGA et al. 1998).

The correlation of the Germanic Upper Triassic with
the international chronostratigraphic scale is shown in
Fig. 7. The base of the Carnian coincides with the base
of the Estherienschichten of the upper Grabfeld For-
mation, as indicated by the FAD of Laxitextella multi-
reticulata (REIBLE). It is also known from the upper-
most Meride Limestone of the Southern Alps in the
basal Carnian, if the base of the Carnian is defined by
the base of the D. canadiensis Zone. L. multireticulata
is also present in the lower Dunscombe Mudstone For-
mation on the south Devon coast, England.

The basal Schilfsandstein belongs, according to
miospores, megaspores and ostracods to the Julian.
The best correlation is possible for the basal parts of
the Schilfsandstein, where a distinct marine ingression
can be observed. In northern Germany, there are even
some limestones and marly interbeds with a brachy-
haline marine fauna containing mass occurrences of
the ostracods Simeonella alpina Bunza & KOZUR and
a few Lutkevichinella oblonga Kozur, which indicate,
as in the Alps and Hungary, brachyhaline marine de-
posits of Julian age (BunzA & KoOzUR 1971, KOZUR
1975, WIENHOLZ & KOZUR 1970). As S. alpina begins
in the Alps and Hungary above the base of the Julian,
its base in the Germanic Basin is probably in the gap
between the Grabfeld and Stuttgart Formations (Fig. 7).

More common in the lowermost Schilfsandstein are
brackish shales with Karnocythere germanica WIEN-
HOLZ & KOZzUR and Limnocythere ? triassica KOZUR
and, partly, S. alpina. Therefore these beds can be well
correlated with the Julian. If Darwinula is absent, this
fauna indicates pliohaline brackish environments, with
additionally a few Darwinula, mesohaline brackish
environments are proven. Immediately above the bra-
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chyhaline marine beds, there are brackish beds, which
grade from mesohaline via mio- and oligohaline to
fresh water deposits. This is indicated by increasing
percentage of Darwinula and decreasing percentage of
K. germanica and L. ? triassica. The fresh water depo-
sits contain only Darwinula and sometimes concho-
stracans. Brachyhaline marine to pliohaline deposits
with Simeonella alpina, L. ? triassica and a few Lutke-
vichinella oblonga occur also in areas without lime-
stones in the southern part of northern Germany and in
the Thuringian Basin. No investigations of the ostracod
faunas were made in southern Germany, but LINCK
(1968, 1971) and WARTH (1988, 1990) described
poorly preserved euryhaline marine bivalves. Similar
forms are known from the brachyhaline marine Lunz
Beds in the Alps. Bivalves are also present in the basal
Schilfsandstein of northern Germany and the Thurin-
gian Basin (KANNEGIESER & KOZUR 1972, WIENHOLZ
& Kozur 1970). Within the upper Schilfsandstein,
there is only one horizon with oliogo-/miohaline brac-
kish ostracod faunas containing Darwinula and some
Karnocythere germanica (KANNEGIESER & KOZUR
1972). In the same level, KANNEGIESER & KOZUR
(1972) found Ompaloptycha lunzensis YEN, an eury-
haline marine gastropod, which indicates in association
with the oliogo-/miohaline brackish ostracod fauna,
brackish conditions, too. A Julian age of these depo-
sits is probable. The “Gaildorfer Bank™ of the upper
Stuttgart Formation (Dunkle Mergel) in southwestern
Germany contains bivalves and shark teeth (SEILA-
CHER 1943) of unknown stratigraphic importance.

The base of the Tuvalian cannot be determined yet,
because the assumed Julian-Tuvalian boundary inter-
val contains no biostratigraphically important fossils
in the Germanic Basin. A distinct marine ingression
occurred in the Lehrbergschichten. The strongest ma-
rine influence is in the Gansinger Dolomit of Switzer-
land, where Costatoria vestita (VON ALBERTI) indicate
(brachyhaline) marine conditions. The euryhaline ma-
rine gastropod Promathilda theodorii BERGER is com-
mon in southern Germany and the Thuringian Basin,
but has no stratigraphic value. The dolomitic beds of
the Lehrbergschichten in Thuringia yielded numerous
ostracods, mainly Reubenella sp., which cannot be
distinguished from marine Reubenella of the Tuvalian
in Hungary. Some Albacythere sp. are also present,
but these ostracods cannot be determined in species
level because they are preserved as internal moulds.
Stenohaline marine taxa, like bairdiids, are absent.
Thus, slightly hypersaline marine environments are in-
dicated, in which Reubenella and Albacythere are also
common in the Alps (e. g. Hauptdolomit facies). Sha-
les and dolomitic marls between the dolomite beds
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contain an ostracod fauna consisting of strongly eury-
haline genera that occur in both brackish and slightly
hypersaline environments. North of the Harz Mountains,
only brackish ostracods are known in the equivalents
of the Lehrbergschichten including Darwinula, indica-
ting mesohaline to oligohaline brackish environments.

The base of the Tuvalian is situated between the
Julian upper Schilfsandstein and the Tuvalian Lehr-
bergschichten. For palacoclimatological reasons (hy-
persaline beds are known from the Alpine Tuvalian,
but not from the Julian, where a rather wet climate is
indicated), we prefer a Tuvalian age of the entire Weser
Formation and equivalents and, possibly, also for the
Dunkle Mergel. The youngest Carnian (late Tuvalian)
conchostracan fauna was found by KELBER in the
Coburg Sandstone (KELBER & KOZUR, in prep.). It is
characterised by Laxitextella of the L. laxitexta group,
which is absent in the lower Norian. This species oc-
curs also in the late Tuvalian of Texas and has, there-
fore, a good correlation potential for the uppermost
Carnian.

The oldest conchostracan fauna from the Arnstadt
Formation and equivalents contains the genus Shipin-
gia, which begins in the lowermost Passaic Formation
of the Newark Basin, thus providing a good correla-
tion marker. The FAD of Shipingia is in the Alaunian.
As the Heldburggips Member (Mainhardt Formation)
was most likely deposited rather rapidly or represents,
in part, a gypcrete long hiatus is supposed to be pre-
sent between the Mainhardt Formation and the Arn-
stadt Formation comprising the lower Norian (so-
called “Altkimmerische Hauptdiskordanz*, BEUTLER
1979). It could be related to the closure of the
Palaeotethys around the Carnian-Norian boundary.
The Lowenstein Formation (Stubensandstein/Burg-
sandstein), the marginal equivalent of the Arnstadt
Formation (except its uppermost part), contains
Shipingia in its lower part (Lower Stubensandstein).
Tetrapods of the Lowenstein Formation are charac-
terised by Aetosaurus and Mystriosuchus, which occur
in the Mesohimavatites columbianus Zone of late
Alaunian age in the Lombardian Alps (northern Italy).
Thus, both conchostracans and vertebrates indicate an
Alaunian age for the main body of the Arnstadt
Formation and equivalents.

However, according to Milankovitch cyclicity it
seems that the main body of the Arnstadt Formation
may comprise some 7 myrs (TOUGIANNIDES 2004),
i. e. about 2 myrs more than the Alaunian (5 myrs;
CHANNELL et al. 2003). Therefore, the Arnstadt For-
mation should comprise, in addition to the Alaunian, 2
myrs of the late Lacian or 2 myrs of the early Seva-
tian. As neither Shipingia nor Alaunian vertebrates
have been found in well dated lower Norian, but are at
least present in the lower Sevatian, it is assumed that
the main body Arnstadt Formation/Lowenstein For-
mation begins in the middle Norian and ranges up to
the lower Sevatian

The base of the Sevatian can so far not be defined
in the Germanic Basin as the conchostracan and ver-
tebrate fauna of the upper Alaunian and the Sevatian
are very similar.
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Very important magnetostratigraphic and biostrati-
graphic data were presented by HOUNSLOW et al.
(2004) from the well known Triassic/Jurassic boun-
dary sections at St. Audrie's Bay, UK. They allow for
the first time a good magnetostratigraphic correlation
of the Alaunian to basal Jurassic interval of the UK
part of the western Germanic Basin with the Newark
Basin and of the upper Bull Canyon and Redonda
Formations of New Mexico. The Westbury Formation
(which can be correlated with the Contorta Beds in
Germany) and the Williton Member of the Blue An-
chor Formation, correspond to the predominantly nor-
mally magnetised upper Rhaetian (E 22-E 23), in the
Newark Basin comprising a maximum of ~2 myrs.
The almost completely reversed lower Rhaetian of the
Newark Basin (E 19-E 20) corresponds to the Blue
Anchor Formation (HOUNSLOW et al. 2004).

According to Lucas (1999), Coburgosuchus from
the uppermost Lowenstein Formation (4th Stuben-
sandstein), is very similar to, if not the same, taxon as
the Apachean index fossil Redondasaurus of the Re-
donda Formation of New Mexico. Using the traditio-
nal assignment of the entire Stubensandstein to the
Norian, LUCAS (1999) changed his former view on the
Rhaetian age of the Apachean land-vertebrate fauna-
chron (LVF) to late Norian to Rhaetian. But, as it
seems, the opposite conclusion might be much more
likely that the uppermost Lowenstein Formation be-
longs in fact to the Rhaetian because the entire Redon-
da Formation (Apachean LVF) has a Rhaetian concho-
stracan fauna (collection KOZUR). According to this
correlation, the upper two thirds of the Rydon Mem-
ber of the Blue Anchor Formation would be of Rhae-
tian age and hence an equivalent to the uppermost Lo-
wenstein Formation/ uppermost Arnstadt Formation/
lower and middle Postera Beds (Fig. 7). The Trossin-
gen Formation (Knollenmergel) and the Postera Sand-
stone are either equivalents of the Williton Member of
the uppermost Blue Anchor Formation or of the up-
permost Rydon Member of the Blue Anchor Forma-
tion.

CHANNELL et al. (2003) and MUTTONI et al. (2004)
correlated the marine Norian-Rhaetian boundary at the
FAD of Misikella posthersteini Kozur & MOCK with
the astrochronological calibrated continental Newark
Basin, calculating 6 to 7 myrs for the Rhaetian. In this
case, the base of the Rhaetian cannot be younger than
base of E 19 in the Newark Basin. This would place the
entire Blue Anchor Formation into the Rhaetian. On
the other hand, GALLET et al (2003) used a very high
Rhaetian base, expanded the Norian to 25 myrs, al-
most half of the entire Triassic, and reduced the Rhae-
tian to 2 myrs. The Rhaetian of these authors begins
much above the FAD of M. posthernsteini and Coch-
loceras within the Rhatian radiolarian faunas. There-
fore, it cannot be correlated with North America and
Panthalassa, and even not with radiolarite successions
within Tethys. As pointed out in section 2.3, this boun-
dary does not fit with the priority of the Rhaetian at
the base of the Kossen Beds. According to this boun-
dary, the base of the Rhaetian would be inside the
Contorta Beds.
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5 Conclusions

(1) There are several biostratigraphic and abiotic
events around the PTB, which allow a very detailed
correlation in the marine realm as well as between
marine and continental beds. By cross correlation of
marine and continental beds, using biostratigraphic
correlation and all events mentioned in section 2.1, the
well recognisable Milankovitch cycles of continental
lake deposits can be applied for detailed numerical
dating of all major events around the PTB. An estima-
tion of the duration of the conodont zones around the
PTB may be made as well. The following duration of
uppermost Permian-earliest Triassic conodont zones
can be calculated as follows:

C. zhangi Zone: 70,000 years,

C. iranica Zone: 60,000 years,

C. hauschkei Zone: 15,000 years (the extreme short
duration of this zone is caused by the main extinc-
tion event at the base of the Boundary Clay termina-
ting this zone),

C. meishanensis-H. praeparvus Zone and M. ultima-S.
mostleri Zone together: 120,000 years,

H. parvus Zone: 100,000 years,

I. isarcica Zone: >0.5 myrs.

(2) Milankovitch cycles can well be recognised in
continental lake deposits and shallow marine or hyper-
saline deposits of the Germanic Triassic. They are best
investigated in the Lower Buntsandstein, but good
results are also known from parts of the Middle Bunt-
sandstein, especially the Volprichausen Formation,
from the Upper Buntsandstein (RSt Formation), the
Muschelkalk, and the Erfurt Formation, Grabfeld For-
mation and Arnstadt Formation of the Keuper. Models
of Milankovitch cyclicity require an integrated ap-
proach including bio- and chronostratigraphic data, to
make sure that the basic cycles are precession cycles.

(3) The following correlations between the interna-
tional chronostratigraphic scale and the Germanic
Triassic were established or confirmed:

e The base of the Triassic is at the top of the Falsis-
ca postera Zone, at the base of precession cycle 2 (ba-
se of Oolite o2), within the second short eccentricity
cycle of the lower Calvérde Formation.

e The base of the Gandarian is at the base of the M.
seideli Zone, in the uppermost part of cycle 10 of the
Calvorde Formation. An alternative position is
~100,000 years younger, in the uppermost cycle 1 of
the Bernburg Formation, which lies in the middle of
the reversed horizon straddling the Gangetian-
Gandarian boundary.

e The base of the Olenckian (at the base of the
Flemingites flemingianus Ammonoid Zone and Neo-
spathodus waageni Conodont Zone) is in the Germa-
nic Basin at the top of the E. nodosocostata Zone s. s.
in the middle of cycle 7 of the Bernburg Formation.
Magnetostratigraphically this is somewhat below the
top of the only normal interval in the Bernburg For-
mation. This coincides with the magnetostratigraphic
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position of the base of the Olenekian in the GSSP
candidate, Chaohu, China (TONG JIN-NAN et al. 2005,
in press). It may also be correlated with the palaeo-
magnetic data of SCHOLGER et al. (2000), if their mag-
netozones have been biostratigraphically correctly dated.

e The base of the Anisian is at the base of the Stam-
men Beds of the upper Solling Formation as indicated
by the base of the Aegean E. albertii mahlerselli-P.
alsatica alsatica Zone (KOZUR & LEPPER, in prep.)
and by sporomorphs (BRUGMAN 1986). This means
that the time-equivalent Thuringian Chirotherien-
Sandstein with its rich vertebrate footprint association
is Anisian (Aegean) as well.

e The base of the Bithynian is at the base of the
Dolomitische Grenzbank in the upper Rot Formation
as indicated by marine bivalves (FAD of Myophoria
vulgaris and Costatoria costata s. s. with 1617 extra-
areal ribs), and in fresh-water to slightly brackish de-
posits by the FAD of E. albertii albertii. This latter
event can be traced to western North America and
South America.

e The base of the Pelsonian is immediately above
the Oolithbank Member of the Lower Muschelkalk as
indicated by the FAD of the conodont Nicoraella
kockeli and of Pelsonian ammonoids, brachiopods and
holothurian sclerites (KOZUR 1974).

e The base of the Illyrian is close to the Lower/
Middle Muschelkalk boundary. It is placed at the base
of the dasycladacean flora with mass occurrences of
Diplopora anulatisima above the Karlstadt Formation.
e The base of the Ladinian at the base of the Eopro-
tracyceras curionii Zone is above the Cycloidesbank v,
somewhat above a maximum flooding surface.

e The base of the Longobardian is at the base of the
Erfurt Formation (Lettenkeuper) as demonstrated by
VISSCHER et al. (1993) with sporomorphs.

o The base of the Carnian is placed at the base of the
Estherienschichten in the upper Grabfeld Formation as
indicated by the FAD of L. multireticulata, which oc-
curs at the Ladinian-Carnian boundary in brackish in-
tercalations of the western Southern Alps. L. multi-
reticulata is also present in the lower Dunscombe
Mudstone Formation of England.

e The base of the Schilfsandstein (Stuttgart Forma-
tion) contains a brackish to brachyhaline marine Julian
fauna and flora (miospores, megaspores and an eury-
haline marine ostracod fauna with Simeonella alpina).
The base of the Julian, however, seems to be within
the gap between the Grabfeld Formation and the Stutt-
gart Formation.

e The base of the Tuvalian can be not defined with
palaeontological methods. The first Tuvalian fossils
above the Julian Schilfsandstein are marine ostracods
in the Lehrbergschichten, demonstrating that the dolo-
mites of the Lehrbergschichten are slightly hypersa-
line marine deposits. The youngest Tuvalian fossils
are known from the Coburg Sandstone: Laxitextella of
the L. laxitexta group that do not range up to the
Norian.
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e The main body of the Arnstadt Formation has an
Alaunian to early Sevatian fauna with the conchostra-

can Shipingia, which has its FAD in the lower Passaic
Formation of the Newark Basin. The vertebrates Aeto-
saurus and Mysrtriosuchus indicate Alaunian to early
Sevatian age as well.

e Currently, the base of the Sevatian cannot be de-
fined in the Germanic Basin because both Shipingia
and Aetosaurus and Mystriosuchus range from the
Alaunian to, at least, the lower Sevatian.

e The base of the Rhaetian is disputed in the marine
realm, but most authors prefer the FAD of the ammo-
noid Cochlocears and the conodont Misikella post-
hernsteini, a boundary that can be recognised easily in
different marine facies including radiolarite succes-
sions of Panthalassa, Tethys and North America. The
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Rhaetian Apachean LVF of the Redonda Formation in
New Mexico can be correlated by the very similar, or
even identical, Coburgosuchus and Redondasaurus
with the uppermost Lowenstein Formation (4th Stu-
bensandstein). This boundary occurs in the lower third
of the Blue Anchor Formation of UK and at the base
of E 20 in the Newark Basin, 5 myrs below the base of
the Liassic. According to CHANNELL et al. (2003) and
MUTTONI et al. (2004), the Rhaetian comprises a time
span of 6-7 myrs. In that case the Rhaetian base
would be situated in a hiatus within the upper Lowen-
stein and Arnstadt Formations below the 4th Stuben-
sandstein / uppermost Arnstadt Formation / lower
Postera Sandstone. In England, this boundary is at the
base of the Blue Anchor Formation.

Acknowledgements

Profs. YIN HONGFU and TONG JINNAN, Wuhan,
provided us with very important data of the magneto-
stratigraphy of the Lower Triassic in the Chaohu area,
and from the Permian-Triassic boundary interval of
Meishan, South China. Dr. M. HOUNSLOW, Lancaster,
and Dr. R. GALLOIS, Exeter, provided us with much
data from the Triassic of the UK and with photo-
graphs and material of Triassic conchostracans. Dr. E.
NITSCH, Freiburg, has sent us important informations

concerning Keuper cyclicity and the positions of fossil
horizons in the Arnstadt Formation. Dipl.-Geol. J.
BARNASCH, Halle, helped with computer graphics of
Figs. 8-10; and Ms. D. Viertel with typing of parts of
the references. Prof. Dr. I. LERCHE, Leipzig, Dr. M.
HounsLow, Lancaster, and R. J. PORTER, Bristol, im-
proved the English of different parts of the paper. We
thank these colleagues for their important help.

51



BACHMANN, G. H. & KOzUR, H. W.

The Germanic Triassic

Literature

AIGNER, T. (1985): Storm depositional systems.—
Lecture Notes Earth Sci., 3: 1-174.

AIGNER, T. & BACHMANN, G. H. (1989): Dynamic
stratigraphy of an evaporite-to-red bed sequence,
Gipskeuper (Triassic), Southwest German Basin.—
Sediment. Geol., 62: 5-25.

AIGNER, T. & BACHMANN, G. H. (1992): Sequence-
stratigraphic framework of the German Triassic.—
Sediment. Geol., 80: 115-135.

AIGNER, T., BACHMANN, G. H. & HAGDORN, H. (1992):
Zyklische Stratigraphie und Ablagerungsbedin-
gungen von Hauptmuschelkalk, Lettenkeuper und
Gipskeuper in Nordost-Wiirttemberg.— Jber. Mitt.
oberrheinischen geol. Ver., N.F., 72: 125-144.

ALBERTI, F. VON (1834): Beitrag zu einer Monogra-
phie des Bunten Sandsteins, Muschelkalks und
Keupers und die Verbindung dieser Gebilde zu
einer Formation.— 366 pp.; Stuttgart (Cotta).

ATUDOREL, N.-C. (1999): Constraints on the Upper
Permian to Upper Triassic marine carbon isotope
curve. Case studies from the Tethys.— 161 pp.,
Dissertation Univ. Lausanne.

BACHMANN, G. H. (1998): The Germanic Triassic:
General— In: BACHMANN, G. H., BEUTLER, G. &
LERCHE, I. [eds.]: Excursions of the International
Symposium on the Epicontinental Triassic.—
Hallesches Jahrb. Geowiss., B, Beih. 6: 19-22.

BACHMANN, G. H. & BEUTLER, G. (1998): The Classic
Germanic Triassic in the Southern Part of the Ger-
manic Basin: Stratigraphy, Sedimentary Environ-
ments, Cyclic and Sequence Stratigraphy.— In:
BACHMANN, G. H., BEUTLER, G. & LERCHE, I.
[eds.]: Excursions of the International Symposium
on the Epicontinental Triassic.— Hallesches Jahrb.
Geowiss., B, Beih. 6: 153—194.

BACHMANN, G. H. & Kozur, H. W. (2002): First evi-
dence of a microsphaerule interval around the
conti-nental Permian-Triassic Boundary, Germany,
and its correlation with the marine realm.— In:
CADA, M., HOUZAR, S., HRAZDIL, V. & SKALA, R.
[eds.]: IX. International Conferenc on moldavites,
tektite and impact processes.— Field trip
Guidebook and Abstracts: 24-26; FrantiSkovy
Lazné (Franzensbad).

BACHMANN, G. H. & KozUR, H. W. (2003): First
evidence of a microspherule interval around the
continental Permian-Triassic boundary, Germany,
and its correlation with the marine realm.— Acta
Sci. Natur. Musei Moraviae Occidentalis Ttebi¢
(Trebitsch), 41: 143—-146.

BACHMANN, G. H., KOZUR, H. & SZURLIES, M. (2003):
Cyclostratigraphy, magnetostratigraphy and micro-
spherules of the continental Permian-Triassic
Boundary interval, Germany.— XVth International
Congress on Carboniferous and Permian Strati-
graphy August 2003, Abstr. Vol.: 36-38; Utrecht.

52

BACHMANN, G. H., KOZUR, H. & SZURLIES, M. (2004):
The continental Permian-Triassic boundary inter-
val, central Germany: Evidence for long-term
cosmic influx?— Albertiana, 30 Suppl.: 4-5.

BAUD, A., MAGARITZ, M. & HOLSER, W. T. (1989):
Permian-Triassic of the Tethys: Carbon isotope
studies.— Geol. Rdsch., 78 (2): 649—-677.

BEST, G. (1989): Die Grenze Zechstein/Buntsandstein
in Nordwest-Deutschland nach Bohrlochmessun-
gen.— Z. deutschen geol. Ges., 140: 73-85.

BEUTLER, G. (1979): Verbreitung und Charakter der
altkimmerischen Hauptdiskordanz in Mitteleuropa.—
Z. Geol. Wiss., 7: 617-632.

BEUTLER, G. (1995): Quantifizierung der altkimmeri-
schen Bewegungen in Nordwestdeutschland, Teil
I Stratigraphie des Keupers.— Ber. BGR Hannover,
Arch.-Nr. 113087, 1-147; Hannover [unpubl.].

BEUTLER, G. (1998): Keuper.— In: BACHMANN, G. H.,
BEUTLER, G. & LERCHE, 1. [eds.]: Excursions of
the International Symposium on the Epicontinental
Triassic.— Hallesches Jahrb. Geowiss., B, Beih. 6:
45-58.

BEUTLER, G., HAUSCHKE, N. & NITscH, E. (1999):
Faziesentwicklung des Keupers im Germanischen
Becken.— In: HAUSCHKE, N. & WILDE, V. [eds.]:
Trias — Eine ganz andere Welt— 129-174;
Miinchen (Pfeil).

BEUTLER, G. & SCHUBERT, J. (1987): Fazielle Ent-
wicklung des mittleren Lettenkeupers im Thiirin-
ger Becken.— Z. geol. Wiss., 15: 475-484.

BEUTLER, G. & SCHULER, F. (1978): Uber altkimme-
rische Bewegungen im Norden der DDR.— Z. geol.
Wiss. 6: 403—420.

BEUTLER, G. & SZULC, J. (1999): Die paldogeographi-
sche Entwicklung des Germanischen Beckens in
der Trias und die Verbindung zur Tethys.— In:
HAUSCHKE, N. & WILDE, V. [eds.]: Trias — Eine
ganz andere Welt.— 71-80; Miinchen (Pfeil).

BHARGAVA, O. N., KRYSTYN, L., BALINI, M., LEIN, R.
& NICORA, A. (2004): Revised litho- and sequence
stratigraphy of the Spiti Triassic.— Albertiana, 30
Suppl..: 21-39.

BINDING, M. (1991): Rdumliche und zeitliche Ent-
wicklung der fluviatilen Environments der Solling
Formation (Buntsandstein, Germanische Trias).—
218 pp., Dissertation Univ. Darmstadt.

BOIGK, H. (1951): Moglichkeiten und Wege zu einer
Feingliederung im Mittleren Buntsandstein, erldu-
tert an den Verhéltnissen des westlichen Vorhar-
zes.— Z. deutsche geol. Ges., 103: 102—105.

BoIGK, H. (1957): Vorldufige Mitteilung iiber eine
neue Gliederung des Mittleren Buntsandsteins im
Raume Siidhannover.— Geol. Jb., 72: 325-340.

BoIGK, H. (1959): Zur Gliederung und Fazies des
Buntsandsteins zwischen Harz und Emsland.—
Geol. Jb., 76: 597-636.



BACHMANN, G. H. & KOzUR, H. W.

BoIGK, H. (1961a): Ergebnisse und Probleme strati-
graphisch-paldogeographischer Untersuchungen im
Buntsandstein Nordwestdeutschlands.— Geol. Jb.,
78: 123-134.

BoIGK, H. (1961b): Zur Fazies und Erdgasfiihrung des
Buntsandsteins in Nordwestdeutschland.— Erdol,
Kohle, Erdgas, Petrochem., 14: 998—1005.

BOWRING, S. A., ERWIN, D. H., JIN, Y. G., MARTIN, M.
W., DAVIDEK, K. & WANG, W. (1998): U/Pb
Zircon geochronology and tempo of the end-Per-
mian mass extinction.— Science, 280: 1039—-1045.

BRACK, P., MUNDIL, R., OBERLI, F., MEIER, M. &
RIEBER, H. (1996): Biostratigraphic and radiome-
tric age data question the Milankovitch charac-
teristics of the Latemar cycles (Southern Alps,
Italy).— Geology, 24: 371-375.

BRACK, P., RIEBER, H. & NICORA, A. (2003): The
Global Stratotype Section and Point (GSSP) for
the base of the Ladinian Stage (Middle Triassic).—
16 pp.

BRACK, P., RIEBER, H. & URLICHS, M. (1998): Pelagic
successions in the Southern Alps and their correla-
tion with the Muschelkalk.— In: BACHMANN, G. H.
& LERCHE, I. [eds.]: Epicontinental Triassic. Inter-
national Symposium, Halle (Saale), Germany,
September 21-23 1998, Abstracts.— Hallesches
Jahrb. Geowiss., B, Beih. 5: 22-23.

BRACK, P., RIEBER, H. & URLICHS, M. (1999): Pelagic
successions in the Southern Alps and their correla-
tion with the Germanic Middle Triassic.— In:
BACHMANN, G. H. & LERCHE, I. [eds.]: Epicon-
tinental Triassic.— Zbl. Geol. Paldont., Teil I, 1998
(7-8): 853-876.

BRENNER, K. & VILLINGER, E. (1981): Stratigraphie
und Nomenklatur des siiddeutschen Sandstein-
keupers.— Jh. Geol. Landesamt Baden-Wiirttem-
berg, 23: 45-86.

BROGLIO LORIGA, C., CIRELLIL, S., DE ZANCHE, V., DI
BARIL D., GIANOLLA, P., LAGHL G. F., LOWRIE, W.,
MANFRIN, S., MASTANDREA, A., MIETTO, P., MUT-
TONI, G., NERI, C., POSENATO, R., REICHICHI, M.,
RETTORI, R. & ROGHI, G. (1998): The Prati di
Stuores/Stuores Wiesen section (Dolomites, Italy):
a candidate Global Stratotype Section and Point
for the base of the Carnian stage.— Riv. Italiana
Paleont. Strat., 105 (1): 37-78.

BRUCKNER-ROHLING, S. (2002): Sequenzstratigraphie
des Mittleren Muschelkalks in Norddeutschland
und der Deutschen Nordsee.— 200 pp., Dissertation
Univ. Halle.

BRUCKNER-ROHLING, S. & HEUNISCH, C. (2004):
Zyklostratigraphie und Palynofzies des Mittleren
Muschelkalks der Bohrung Remlingen 7 (Nord-
deutsches Becken).— Hallesches Jahrb. Geowiss.,
B, Beih. 18: 109-120.

BRUGMAN, W. A (1983): Permian-Triassic palyno-
logy.— 65 pp.; Utrecht.

BRUGMAN, W. A (1986): A palynological characte-
rization of the Upper Scythian and Anisian of the
Transdanubian Central Range (Hungary) and the

The Germanic Triassic

Vicentinian Alps (Italy).— 95 pp., Dissertation
Univ. Utrecht.

BRUNING, U. (1986): Stratigraphie und Lithofazies des
Unteren Buntsandsteins in Siidniedersachsen und
Nordhessen.— Geol. Jb., A 90: 3—125.

BRUNNER, H. (1988): Zur lithostratigraphischen Glied-
erung des Mittleren Gipshorizonts und des Hori-
zonts der Acrodus-/Corbulabank im ndrdlichen
Baden-Wiirttemberg.— In: HAGDORN, H. [ed.]:
Neue Forschungen zur Erdgeschichte von Crails-
heim.— Sonderbd. Ges. Naturk. Wiirttemberg, 1:
206-225.

BuUNzA, G. & KOZUR, H. (1971): Beitrdge zur Ostra-
codenfauna der tethyalen Trias. Teil 1: Ostracoden
aus den Raibler Schichten 6stlich von Scholastika
(Aachensee, Tirol).— Geol. Paldont. Mitt. Ibk., 1
(2): 1-13.

CA0, C.-Q. & SHANG, Q.-H. (1998): Microstratigraphy
of Permo-Triassic transitional sequence of the
Meishan section, Zhejiang, China.— Palaeoworld,
9: 147-152.

CARTER, E. S. (1993): Biochronology and paleontolo-
gy of uppermost Triassic (Rhaetian) radiolarians,
Queen Charlotte Islands, British Columbia,
Canada.— Mém. Géol. (Lausanne), 11: 175 pp.

CHANNELL, J. E. T., KOzUR, H. W., MOCK, R. & AU-
BRECHT, R. (2002): Carnian-Norian conodont bio-
stratigraphy and magnetostratigraphy at Silicka
Brezova (Slovakia): correlation to other Tethyan
sections and to the Newark Basin.— 27th Assembly
of the European Geophysical Society, Nice,
France, 21-26 April, 2002, Geophysical Research,
Abstracts, vol. 4 (CD ROM) ISSN: 1029, 706.

CHANNELL, J. E. T., Kozur, H. W., SIEVERS, T.,
MocCK, R., AUBRECHT, R. & SYKORA, M. (2003):
Carnian-Norian biomagnetostratigraphy at Silicka
Brezova (Slovakia): correlation to other Tethyan
sections and to the Newark Basin.— Palacogeogr.,
Palaeoclimatol., Palacoecol., 191: 65—-109.

CHANNELL, J. E .T., SIEVERS, T., KOzZUR, H. W, KENT,
D. V. & AUBRECHT, R. (1999): Carnian-Norian
magnetic  stratigraphy from Silicka Brezova
(Slovakia).— Trans. American Geophysical Union,
80 (46): F297.

DETRE, C. H. & DON, G. (1996): Impact and extrater-
restrial spherules: New tools for global correla-
tion.— In: DETRE, C. H., BERCzZI, S. & LUKACS, B.
[eds.]: Proceedings of the International Meeting
“Spherules and Global Events”.— KFKI (Central
Research Institute for Physics), Report, 1996-
05/C, 5-13; Budapest.

DETRE, C. H., TOTH, L, DON, G., K1ss, A. Z., UZONYI,
I, BopO, P. & SCHLEDER, Z. (2000): The
Paleozoic came to end by the biggest train of
disasters known in the earth's history.— In: DETRE,
C. H. [ed.]: Terrestrial and cosmic spherules.— Pro-
ceedings of the 1998 Annual Meeting TECOS,
45-56; Budapest (Akadémiai Kiado).

53



BACHMANN, G. H. & KOzUR, H. W.

DETRE, C. H., TOTH, 1., GUCSIK, A., Kiss. A., Uzonyi,
I. & BErczi, S. (1998): What took place at the
Permian-Triassic boundary? Cosmic spherules as
messengers of a nearby supernova explosion.—
NASA 29th LPSC, Abstracts, 1030; Houston.

DITTRICH, D. (1989): Beckenanalyse der Oberen Trias
in der Trier-Luxemburger Bucht. Revision der
stratigraphischen Gliederung und Rekonstruktion
der Paldogeographie.— Verdff. Luxemburger Geol.
Dienst, 26: 223 pp.; Luxemburg.

DOCKTER, J., PUFF, P., SEIDEL, G. & KoOZzZUR, H.
(1980): Zur Triasgliederung und Symbolgebung in
der DDR.—- Z. geol. Wiss., 8 (8): 951-963.

DOUBINGER, J. & BUHMANN, D. (1981): Rt bei Bor-
ken und bei Schliichtern (Hessen, Deutschland).
Palynologie und Tonmineralogie.— Z. deutschen
geol. Ges., 132: 421-449.

DucHrow, H. (1984a): Der Keuper im Osnabriicker
Bergland. Mit einer Revision der nordwest-
deutschen Keuper-Gliederung.— In: KLASSEN, H.
[ed.]: Geologie des Osnabriicker Berglandes.—
221-234; Osnabriick.

DucHRrROW, H. (1984b): Zur Keuper-Stratigraphie in
Stidostlippe (Trias, Norddeutschland).— Z. deut-
schen geol. Ges., 117: 620—662.

EXNER, M. (1999): Zyklische Stratigraphie und Fazies
des Oberen Buntsandsteins (Ro6t) im Unstrut-Tal
(Sachsen-Anhalt).— 85 pp., Diploma Thesis Univ.
Halle.

FARABEGOLI, E. & PERRI, M. C. (1998): Stop 4.3—
Permian/Triassic boundary and Early Triassic of
the Bulla section (Southern Alps, Italy): Litho-
stratigraphy, facies and conodont biostratigraphy.—
Giorn. Geol., 60: 292-311.

FIEGE, K. (1938): Die Epirogenese des Unteren Mu-
schelkalks in Nordwestdeutschland, I. Teil.— Zbl.
Mineral. Geol. Palédont., B, 1938: 143-170.

FREYBERG, B. VON (1954): Die Randfazies des Gips-
keupers, insbesondere der Benker Sandstein in
Franken.— Erlanger Geol. Abh., 11: 4-47.

FREYBERG, B. VON (1954): Cyclen und stratigraphi-
sche Einheiten im Mittleren Keuper Nordbayerns.—
Geol. Bavarica, 55: 130-145.

FriscH, U. & KOCKEL, F. (1999): Quantification of
Early Cimmerian Movements in NW-Germany.—
In: BACHMANN, G. H. & LERCHE, 1. [eds.]:
Epicontinental Triassic.— Zbl. Geol. Paldont., Teil
I, 1998 (7-8): 571-600.

FUCHSEL, G. C. (1761): Historia terre et maris ex
historia Thuringiae, per montium descritionem
eruta— Acta Acad. Elect. Mogunt. Erford., II,
44-254; Erfurt.

GAERTNER, H. (1993): Zur Gliederung des Muschel-
kalks in Nordwestdeutschland anhand von Bohr-
lochmessungen.— In: HAGDORN, H. & SEILACHER,
A. [eds.]: Muschelkalk. Schontaler Symposium,
1991.— Sonderbd. Ges. Naturk., Wiirttemberg, 2:
57-64.

GALLET, Y., BESSE, J., KRYSTYN, L. & MARCOUX, J.
(1996): Norian magnetostratigraphy from the
Scheiblkogel section, Austria: constraint on the

54

The Germanic Triassic

origin of the Antalya Nappes, Turkey.— Earth
Planet. Sci. Letters, 140: 113-122.

GALLET, Y., KRYSTYN, L., BESSE, J., & MARCOUX, J.
(2003): Improving the Upper Triassic numerical
time scale from cross-correlation between Tethyan
marine sections and the continental Newark basin
sequence.— Earth Plant. Sci. Lett., 212 (2003):
255-261.

GAO ZHENGANG, XU DAOYI, ZHANG QINWEN & SUN
YIYIN (1987): Discovery and study of microsphae-
rules at the Permian-Triassic boundary of the
Shangsi section, Guangyuan, Sichuan.— Geol.
Review, 33 (3): 203-211.

GAzZDZICKI, A., KOZUR, H. & Mock, R. (1979): The
Norian-Rhaetian boundary in the light of micro-
paleontological data.— Geologija, 22 (1): 71-112.

GEHRELS, G. E, Dopps, C. J. & CAMPBELL, R. B.
(1986): Upper Triassic rocks of the Alexander
Terrane, SE Alaska & the Saint Elias Mtns. of
B.C. & Yukon— The Geological Society of
America, Cordilleran Section, 82nd annual
meeting, Abstracts, Geol. Soc. America, 18 (2):
109.

GEHRELS, G. E, SALEEBY, J. B. & BERG, H. C. (1987):
Geology of Anette, Gravina, Duke islands, south-
eastern Alaska.— Canadian J. Earth Sci., 24: 866—
881.

GELUK, M. C. (2005): Stratigraphy and tectonics of
Permo-Triassic basins in the Netherlands and sur-
rounding areas.— 171 pp., Dissertation Univ.
Utrecht.

GELUK, M. C. & ROHLING, H.-G. (1999): High-
resolution sequence stratigraphy of the Lower
Triassic Buntsandstein: A new tool for basin
analysis.— In: BACHMANN, G. H. & LERCHE, I.
[eds.]: Epicontinental Triassic.— Zbl. Geol.
Paldont., Teil I, 1998 (7-8): 727-745.

GERMAN STRATIGRAPHIC COMMISSION [ed.] (2002):
Stratigraphic Table of Germany 2002 with Beiheft,
16 pp.

GOLDHAMMER, R. K., DUNN, P. A. & HARDIE, L. A.
(1990): Depositional cycles, composite sea-level
changes, cycle stacking patterns, and the hierarchy
of stratigraphic forcing; examples from Alpine
Triassic platform carbonates.— Geol. Soc. Ameri-
can Bull., 102: 535-562.

GOLEBIOWSKI, R. (1986): Neue Misikellen-Funde
(Conodonta) und ihre Bedeutung fiir die Abgren-
zung des Rhit s. str. in den Kossener Schichten.—
Sitzungsber. Osterreichischen Akad. Wiss., Math.-
naturw. KI. Abt. I, 195 (1-5): 53-65.

GOLEBIOWSKI, R. (1990): The Alpine Kossen Forma-
tion, a key for European topmost Triassic correla-
tions.— Albertiana, 8: 25-35.

GOTZ, A. E. (2002): Hochaufldsende Stratigraphie im
Unteren Muschelkalk (Mitteltrias, Anis) des Ger-
manischen Beckens.— Schriftenr. deutschen Geol.
Ges., 15: 101-107.

GOT1Z, A. E. (2004): Zyklen und Sequenzen im Unte-
ren Muschelkalk des Germanischen Beckens.—
Hallesches Jahrb. Geowiss., B, Beih. 18: 91-98.



BACHMANN, G. H. & KOzUR, H. W.

GOT1Z, A. E. & FEIST-BURKHARDT, S. (2000): Palyno-
facies and sequence analysis of Lower Muschel-
kalk (Middle Triassic, German Basin).— In: BACH-
MANN, G. H. & LERCHE, 1. [eds.]: Epicontinental
Triassic.— Zbl. Geol. Palédont., Teil I, 1998 (9-10):
877-891.

GOTZ, A. E. & WERTEL, C. G. (2002): Zyklische Sedi-
mentation im Unteren Muschelkalk.— Schriftenr.
deutschen Geol. Ges., 18: 37-44.

GRADINARU, E. (2003): Ammonoid biostratigraphy
around Olenekian-Anisian boundary in Desli Caira
(Romania) — a GSSP candidate.— Triassic geochro-
nology and cyclostratigraphy — a field sympoisum,
Abstr.: 37; St. Christina/Val Gardena.

GRADINARU, E., ORCHARD. M., NICORA, A., MIRAU-
TA, E. & ATUDOREI, V. (2002): Conodont succes-
sion across Olenekian-Anisian boundary as Desli
Caira, Romania.— IL.U.G.S. Subcommission on
Triassic Stratigraphy, STS/IGCP 467 Field Mee-
ting, Veszprém, Hungary, 5-8 September 2002,
11-13; Budapest.

GUMBEL, C. W. (1861) Geognostische Beschreibung
des bayerischen Alpengebirges und seines Vorlan-
des.— 950 pp.; Gotha (Perthes).

HAGDORN, H. & GLUCHOWSKI, E. (1993): Palacobio-
geography and stratigraphy of Muschelkalk echi-
noderms (Crinoidea, Echinoidea) in Upper Sile-
sia.— In: HAGDORN, H. & SEILACHER, A. [eds.]:
Muschelkalk. Schontaler Symposium, 1991.— Son-
derbd. Ges. Naturk., Wiirttemberg, 2: 165-176.

HAGDORN, H., HORN, M. & SiMON, T. (1998):
Muschelkalk.— In: BACHMANN, G. H., BEUTLER,
G. & LERCHE, 1. [eds.]: Excursions of the
International Symposium on the Epicontinental
Triassic.— Hallesches Jahrb. Geowiss., B, Beih. 6:
35-44.

HANSEN, H. J., LOJEN, S., TOFT, P., TONG, J., MICHA-
ELSEN, P. & SARKAR, A. (2000): Magnetic suscep-
tibility and organic carbon isotopes of sediments
across some marine and terrestrial Permo-Triassic
boundaries.— In: YIN HONGFU, DICKINS, J. M., SHI,
G. R. & TONG JINNAN [eds.]: Permian-Triassic
evolution of Tethys and western Circum-Pacific.—
Developments Palaeont. Stratigr., 18: 271-289.

HANSEN, H. J., YIN HONGFU & VOGENSEN, E. W.
(1987): The spherules at the Chinese Permo-
Triassic boundary are of terrestrial origin.— Abstr.
Final Meeting IGCP, 116; Beijing.

HAUSCHKE, N. (1985): Beitrag zur Genese des Unte-
ren Gipskeupers (kml).— 258 pp., Dissertation
Univ. Miinster.

HAUSCHKE, N. & ROHL, U. (1988): Zyklen im Oberen
Muschelkalk und Keuper Ostwestfalens. Exkur-
sion D am 26.5.1988.— Sediment ’88, 1-19;
Bochum.

HE JINWEN (1985): Discovery of microsphaerules
from Permian-Triassic mixed fauna bed No. 1 of
Meishan in Changxing, Zheijiang and its signifi-
cance.— J. Stratigraphy, 9 (4): 293-297.

HEYDARI, E., WADE, W. J. & HASSANZADEH, J.
(2001): Diagenetic origin of carbon and oxygen

The Germanic Triassic

isotope compositions of Permian-Triassic boun-
dary strata.— Sed. Geol., 143: 191-197.

HIETE, M. (2004): Umweltverinderungen in der
Permo-Trias.— 330 pp., Dissertation Univ. Braun-
schweig.

HIETE, M., BERNER, U. HEUNISCH, C. & ROHLING, H.-
G. (2003): Organic carbon isotopic excursions in
NW-Germany: global vs. regional effects.— XVth
International Congress on Carboniferous and
Permian Stratigraphy, Abstr. Vol.,, 224-227,
August 2003; Utrecht.

HIETE, M., BERNER, U. HEUNISCH, C. & ROHLING, H.-
G. (2004): 613C0rg-Variati0nen an der Perm-Trias
Grenze in NW-Deutschland: Stérungen im globa-
len Kohlenstoffkreislauf oder regionales Signal?
Schriftenr. deutschen Geol. Ges., GeolLeipzig
2004, 34: 44; Hannover.

Hmwov, L. A. & GOLDHAMMER, R. K. (1991):
Spectral analysis of the Middle Triassic Latemar
Limestone.— J. Sed. Petr., 61: 1173-1193.

HOFFMANN, F. (1825): Uber die geognostischen Ver-
hiltnisse des linken Weserufers bis zum Teutobur-
ger Wald.— Ann. Physik, 79: 1-42.

HOLSER, W. T. & MAGARITZ, M. (1987): Events near
the Permian-Triassic boundary.— Mod. Geol., 11:
155- 180.

HoLSER, W. T., SCHONLAUB, H.-P., ATTREP, M.,
BOECKELMANN, K., KLEIN, P., MAGARITZ, M.,
ORTH, C. J., FENNINGER, A., JENNY, C., KRALIK,
M., MAURITSCH, H., PAK, E., SCHRAMM, J.-M.,
STAT-TEGGER, K. & SCHMOLLER, R. (1989): A
unique geochemical record at the Permian/Triassic
boundary.— Nature, 337: 39—44.

HORNUNG, J. & AIGNER, T. (2004): Sedimentére Ar-
chitektur und Poroperm-Analyse fluviatiler Sand-
steine: Fallbeispiel Coburger Sandstein.— Halle-
sches Jahrb. Geowiss., B., Beih. 18: 121-138.

HouNnsLow, M. W., POSEN, P. E. & WARRINGTON, G.
(2004): Magnetostratigraphy and biostratigraphy
of the Upper Triassic and earliest Jurassic (Norian
to Hettangian) succession, St. Audrie’s Bay, west
Somerset, UK-— Palacogeogr., Palacoclimat.
Palaeoecol., 213: 331-358.

HUBER, P., Lucas, S. G. & HUNT, A. P. (1993): Verte-
brate biochronology of the Newark Supergroup,
Triassic, eastern North America.— In: LUCAS, S. G.
& MORALES, M. [eds.]: The nonmarine Triassic.—
New Mexico Mus. Nat. Hist. Sci., Bull.,, 3: 179—
186.

HUNT, A. P. & Lucas, S. G. (1993): Triassic vertebrate
paleontology and biochronology of New Mexico.—
In: Lucas, S.G. & ZIDEK, J. [eds.]: Vertebrate
Paleontology in New Mexico.— New Mexico Mus.
Nat. Hist. Sci., Bull., 2: 49-60.

JIN, Y. G., WANG, Y., WANG, W., SHANG, Q. H., CA0,
C. Q. & ERWIN, D. H. (2000): Pattern of marine
mass extinction near the Permian-Triassic
boundary in South China.— Science, 289: 432-436.

KASTNER, H. (1972): Versuch einer zyklischen Glie-
derung des unteren Keupers im Thiiringer Becken

55



BACHMANN, G. H. & KOzUR, H. W.

auf Grund neuer stratigraphischer Beobachtun-
gen.— Geologie, 21: 837-844.

KANNEGIESER, E. & KOZUR, H. (1972): Zur Mikropa-
laontologie des Schilfsandsteins (Karn).— Geolo-
gie, 21 (2): 185-215.

KEDZIERSKI, J. (1999): Sequenzstratigraphie des Unte-
ren Muschelkalks im stlichen Teil des Germani-
schen Beckens (Deutschland, Polen).— 115 pp.,
Dissertation Univ. Halle.

KEDZIERSK], J. (2002): Sequenzstratigraphie des Unte-
ren Muschelkalks im 6stlichen Teil des Germani-
schen Beckens (Deutschland, Polen).— Hallesches
Jahrb. Geowiss., B, Beih. 16: 1-52.

KEELING, C. & WHORF, T. P. (2000): The 1,800-year
oceanic tidal cycle: A possible cause of rapid
climate change.— Proc. Nat. Acad. Sci, 97 (8):
3814-3819.

KEFERSTEIN, C. (1824): Geognostische Beschreibung
der Gegend nordlich von Halberstadt so wie der
Umgebung von Helmstedt, mit besonderer Bezie-
hung auf die dort verbreitete Liasformation und
deren Aequivalente im Ausland.— Teutschland
geognostisch-geologisch dargestellt und mit Char-
ten und Durchschnittszeichnungen erldutert, 3:
319-382.

KENT, D. V. & OLSEN, P. E. (1999): Astronomically
tuned geomagnetic timescale for the Late Trias-
sic.— J. Geophys. Res., 104: 12831-12841.

KENT, D. V. & OLSON, P. E. (2000): Implications of
astronomical climate cycles to the chronology of
the Triassic.— In: BACHMANN, G. H. & LERCHE, I.
[eds.]: Epicontinental Triassic.— Zentralbl. Geol.
Palédont., Teil I, 1998 (11-12): 1463—-1473.

KENT, D. V., OLSEN, P. E. & WITTE, W. K. (1995):
Late Triassic-earliest Jurassic geomagnetic polarity
sequence and paleolatitudes from drill cores in the
Newark rift basin, eastern North America.— J.
Geophys. Res., 100: 14965-14998.

KELLNER, A. (1997): Das Typusprofil der Arnstadt-
Formation (ehem. Steinmergelkeuper, Obere
Trias) Thiiringens.— 71 pp., Diploma Thesis Univ.
Halle

KIPARISOVA, L. D. & Porov, Y. D. (1956): Subdivi-
sion of the lower Series of the Triassic System into
Stages.— Doklady AN SSSR, 109: 842-845 [in
Russian].

KORTE, C. (1999): ¥’St/**Sr-, 3'%0- und 8"*C-Evolu-
tion des triassischen Meerwassers: geochemische
und stratigraphische Untersuchungen an Conodon-
ten und Brachiopoden.— Bochumer Geol. Geo-
techn. Arb., 52: 1-171.

KORrTE, C., KozUrR, H. W., JOACHIMSKI, M. M.,
STRAUSS, H., VEIZER, J. & SCHWARK, L. (2004a):
Carbon, sulfur, oxygen and strontium isotope
records, organic geochemistry and biostratigraphy
across the Permian/Triassic boundary in Abadeh,
Iran.— Int. J. Earth Sci. (Geol. Rdsch.), 93: 565—
581.

KorTE, C., KOozUR, H. W. & MOHTAT-AGHAI, P.
(2004b): Dzhulfian to lowermost Triassic &"°C

56

The Germanic Triassic

record at the Permian/Triassic boundary section at
Shahreza, Central Iran.— Hallesches Jahrb. Geo-
wiss., B, Beih. 18: 73-78.

KORTE, C., KOZUR, H. W. & PARTOAZAR, H. (2004c¢):
Negative carbon isotope excursion at the Permian/
Triassic boundary section at Zal, NW-Iran.— Hal-
lesches Jahrb. Geowiss., B, Beih. 18: 69-71.

KORTE, C. & KOzUR, H. W. (in press a): Carbon
isotope stratigraphy across the Permian/Triassic
boundary at Jolfa (Iran), Pufels and Tesero (Sou-
thern Alps) and Gerenavar (Hungary).— J. Alpine
Geol.

KORTE, C. & KOZUR, H. W. (in press b): Carbon iso-
tope trends in continental lake deposits of upper-
most Permian to Lower Olenckian Germanic
Lower Buntsandstein (Calvorde and Bernburg
Formations).— Hallesches Jahrb. Geowiss., B,
Beih. 19.

KORTE, C., KOZUR, H. W. & VEIZER, J. (in press): 8"°C
and 8'%0 values of Triassic brachiopods and carbo-
nate rocks as proxies for coeval seawater and
palaecotemperature.— Palacogeogr., Palaeoclimat.,
Palaeoecol.

Kozur, H. (1971): Okologisch-fazielle Probleme der
Biostratigraphie des Oberen Muschelkalks.— Frei-
berger Forsch.-H., C 267: 129-154.

Kozur, H. (1972a): Vorldufige Mitteilung zur Pa-
rallelisierung der germanischen und tethyalen
Trias sowie einige Bemerkungen zur Stufen- und
Unterstufengliederung der Trias.— Mitt. Ges. Geol.
Bergbaustud., 21: 363—412.

KozUR, H. (1972b): Die Bedeutung triassischer Ostra-
coden fiir stratigraphische und paldodkologische
Untersuchungen.— Mitt. Ges. Geol. Bergbaustud.,
21: 623— 660.

Kozur, H. (1972c¢): Die Bedeutung der Megasporen
und Characeen-Oogenien fiir stratigraphische und
okologisch-fazielle Untersuchungen in der Trias.—
Mitt. Ges. Geol. Bergbaustud., 21: 437-454.

Kozur, H. (1974): Biostratigraphie der germanischen
Mitteltrias.— Freiberger Forsch.-H., C 280, Teil I:
1-56, Teil 11: 1-70.

KozUR, H. (1975): Probleme der Triasgliederung und
Parallelisierung der germanischen und tethyalen
Trias. Teil II: Anschlufl der germanischen Trias an
die internationale Triasgliederung.— Freiberger
Forsch.-H., C 304: 51-77.

Kozur, H. (1976a): Die stratigraphische Stellung der
Frankites sutherlandi-Zone in der tethyalen
Trias.— Geol. Paldont. Mitt. Innsbruck, 6 (4): 1-18.

KOZUR, H. (1976b): Okologisch-fazielle Probleme bei
der stratigraphischen Gliederung und Korrelation
der germanischen Trias.— Jb. Geol., 7: 70-90.

Kozur, H. (1984): Trias.— In: TROGER, K.-A. [ed.]:
Abrif} der Historischen Geologie.— 316—348; Berlin.

KozuR, H. (1988): The Permian of Hungary.— Z. geol.
Wiss., 16 (11/12): 1107-1115.

Kozur, H. (1993a): Annotated correlation tables of
the Germanic Buntsandstein and Keuper.— In:
Lucas, S. G. & MORALES, M. [eds.]: The non-



BACHMANN, G. H. & KOzUR, H. W.

marine Triassic.— New Mexico Mus. Nat. Hist.
Sci., Bull., 3: 243-248.

KozUR, H. (1993b): Range charts of conchostracans
in the Germanic Buntsandstein.— In: LUCAS, S. G.
& MORALES, M. [eds.]: The nonmarine Triassic.—
New Mexico Mus. Nat. Hist. Sci., Bull., 3: 249
253.

Kozur, H. (1994): The correlation of the Zechstein
with the marine Standard.— Jb. Geol. B.-A., 137
(1): 85— 103.

Kozur, H. (1996): The position of the Norian-
Rhaetian boundary.— In: Jost Wiedmann Sympo-
sium, Abstr.— Ber.-Rep. Geol.-Paldont. Univ. Kiel,
76: 27-35.

Kozur, H. W. (1998a): Some aspects of the Permian-
Triassic boundary (PTB) and of the possible
causes for the biotic crisis around this boundary.—
Palaeogeogr., Palaeoclimatol., Palacoecol., 143: 227—
272.

KozUR, H. W. (1998b): Problems for evaluation of the
scenario of the Permian-Triassic boundary biotic
crisis and its causes.— Geol. Croatica, 51 (2): 135—
162.

KozUR, H. W. (1999): The correlation of the Germa-
nic Buntsandstein and Muschelkalk with the
Tethyan scale.— In: BACHMANN, G. H. & LERCHE,
I. [eds.]: Epicontinental Triassic.— Zbl. Geol.
Paldont., Teil I, 1998 (7-8): 701-725.

Kozur, H. W. (2003a): Integrated ammonoid, cono-
dont and radiolarian zonation of the Triassic and
some remarks to Stage/Substage subdivision and
the numeric age of the Triassic stages.— Albertiana,
28: 57-83.

Kozur, H. W. (2003b): Micropaleontological defini-
tion of the Norian-Rhaetian boundary.— Joint
Annual meeting GAC-MAC-SEG, Vancouver
2003, p. 174.

Kozur, H. W. (2003c): Integrated ammonoid,
conodont and radiolarian zonation of the Triassic.—
Hallesches Jahrb. Geowiss., B 25: 49-79.

Kozur, H. W. (2004a): The age of the palacomagnetic
reversal around the Permian-Triassic boundary.—
Permophiles, 43: 25-31.

Kozur, H. W. (2004b): Dating of the event succes-
sion in marine and continental beds around the
Permian-Triassic boundary (PTB).— Permophiles,
43:32-37.

Kozur, H. W., AYDIN, M., DEMIR, O., YAKAR, H.,
GONcUOGLU, M. C. & Kuru, F. (2000): New
stratigraphic and palacogeographic results from the
Palaeozoic and Early Mesozoic of the Middle
Pontides (Northern Turkey) in the Azdavay,
Devrekani, Kiire and Inebolu areas: Implications
for the Carboniferous-Early Cretaceous geodyna-
mic evolution and some related remarks to the
Karakaya oceanic rift basin.— Geol. Croatica, 53
(2): 209-268.

Kozur, H. W. & BACHMANN, G. H. (2003): Remarks
on the numerical age of the Triassic stages.—
Triassic Geochronology and Cyclostratigraphy — a

The Germanic Triassic

field symposium, Abstr. Vol., St. Christina, Grod-
nertal (Val Gardena), 41-42.

KOZzZUR, H. W. & BACHMANN, G. H. (2005, in press):
Correlation of the Germanic Triassic with the
international scale.— Albertiana, 32.

KozUR, H. W. & LEPPER, J. (in prep.): Conchostraken
aus dem Buntsandstein des Reinhardswald-Troges
(Hessische Senke).—

Kozur, H., MAHLER, H. & SEeLL, J. (1993):
Stratigraphic and paleobiogeographic importance
of the latest Olenekian and Early Anisian concho-
stracans of Middle Europe.— In: Lucas, S. G. &
MORALES, M. [eds.]: The nonmarine Triassic.—
New Mexico Mus. Nat. Hist. Sci., Bull.,, 3:
255-259.

Kozur, H. & Mock, R. (1993): The importance of
conchostracans for the correlation of continental
and marine beds.—In: LUCAS, S. G. & MORALES,
M. [eds.]: The nonmarine Triassic.— New Mexico
Mus. Nat. Hist. Sci., Bull., 3: 261-266.

Kozur, H. & SEIDEL, G. (1983a): Revision der Con-
chostracen-Faunen des unteren und mittleren Bunt-
sandsteins. Teil I.— Z. geol. Wiss., 11 (3): 295—423.

Kozur, H. & SEIDEL, G. (1983b): Die Biostratigraphie
des unteren und mittleren Buntsandsteins unter be-
sonderer Beriicksichtigung der Conchostracen.— Z.
geol. Wiss., 11 (4): 429-464.

KRYSTYN, L. (1974): Probleme der biostratigraphi-
schen Gliederung der Alpin-Mediterranen Ober-
trias.— Schriftenr. Erdwiss. Komm. Osterreichi-
schen Akad. Wiss., 2: 137—-144.

KRYSTYN, L. (1978): Eine neue Zonengliederung im
alpin-mediterranenen Unterkarn.— Schriftenr. Erd-
wiss. Komm. Osterreichischen Akad. Wiss., 4:
37-75.

KRYSTYN, L. (1980): Stratigraphy of the Hallstatt re-
gion.— Abh. Geol. B.-A., 35: 69-98.

KRYSTYN, L. (1990): A Rhaetian Stage chronostrati-
graphy, subdivisions and their intercontinental
correlations.— Albertiana, 8: 15-24.

KRYSTYN, L., BALINI, M. & NICORA, A. (2004): Lo-
wer and Middle Triassic stage and substage boun-
daries in Spiti.— Albertiana, 30 Suppl.: 40-53.

KRYSTYN, L., GALLET, Y., BESSE, J. & MARCOUX, J.
(2002): Integrated Upper Carnian to Lower Norian
biochronology and implications for the Upper
Triassic magnetic polarity time scale.— Earth
Planet. Sci. Lett., 203: 343-351.

LASKAR, J. (1989): A numerical experiment on the
chaotic behaviour on the solar system.— Nature,
338: 237-238.

LEHRMANN, D., ENOS, P., MONTGOMERY, P., PAYNE,
J., ORCHARD, M., BOWRING, S., RAMEZANI, J.,
MARTIN, M., WEL JIAYONG, WANG HONGMEI, YU
Youyl, XIAO JIAFEI & L1 RONGXI (2002): Inte-
grated biostratigraphy, magnetostratigraphy, and
geochronology of the Olenekian-Anisian boundary
in marine strata of Guandao section, Nanpanjiang
Basin, South China: implications for timing of
biotic recovery from the end-Permian extinction.—

57



BACHMANN, G. H. & KOzUR, H. W.

LU.G.S. Subcommission on Triassic Stratigraphy,
STS/IGCP 467 Field Meeting, Veszprém, Hungary,
5-8 September 2002, 7-8; Budapest.

LEPPER, J. & ROHLING, H. G. (1998): Buntsandstein.—
In: BACHMANN, G. H., BEUTLER, G. & LERCHE, I.
[eds.]: Excursions of the International Symposium
on the Epicontinental Triassic.— Hallesches Jahrb.
Geowiss., B, Beih. 6: 27-34.

LEPPER, J. & UCHMAN, A. (1995): Marine Einfliisse
im Mittleren Buntsandstein der Hessischen Senke
— dargestellt am Beispiel des Weserprallhangs an
der Ballertasche bei Hann. Miinden.— Zbl. Geol.
Paldont., Teil I, 1994 (1/2): 175-186.

L1 HUAMEI & WANG JUNDA (1989): Magnetostratigra-
phy of Permo-Triassic boundary section of Mei-
shan of Changxing, Zhejang.— Science in China, 8
(6): 652—658.

LINCK, O. (1968): Die marine Muschelfauna des
Schilfsandsteins von Eberstadt, Wiirttemberg
(Trias, Karn, Mittl. Keuper 2) und deren Bedeu-
tung.— Jh. Ver. vaterl. Naturk. Wiirttemberg, 123:
69-133.

LINCK, O. (1971): Weitere Muscheln aus dem Schelf-
meer des Schilfsandsteins (Trias, Karn, Mittlerer
Keuper 2, Fundort Stuttgart).— Jh. Ges. Naturk.
Wiirttemberg, 126: 147-177.

LIU YUYAN, ZHU YANMING & TIAN WUHONG (1999):
New magnetostratigraphic results from Meishan
section, Changxing County, Zhejiang Province.—
Earth Science, J. China University of Geosciences,
24 (2): 151-154.

LozovsKy, V. R., KRASILOV, V. A., AFONIN, S. A.,
POMARENKO, A. G., SHCHERBAKOV, D. E.,
ARISTOV, D. S., JAROSHENKO, O. P., KUCHTINOV,
D. A., BUrROV, B. V., BUSLOVIKH, A. L. & MORKO-
VIN, I. V. (2001a): O vydelenii novoj pakhi v
sostave vochminskoj svity nizhnego triasa Mos-
kovskoj Sineklizy.— Bull. region. mezhvedom-
stvennoj stratigraf. komissii centru jugu Russkoj
platformy, 3: 151-163.

Lozovskil, V. R., KRASSILOV, V. A., AFONIN, S. A.,
Burov, B. V. & JAROSHENKO, O. P. (2001b):
Transitional Permian-Triassic deposits in European
Rassia, and nonmarine correlations.— Natura
Bresciana, Ann. Mus. Civ. Sc. Nat.,, Brescia,
Monografia, N 25: 301-310.

Lucas, S. G. (1999): Tetrapod-based correlation of the
nonmarine Triassic.— In: BACHMANN, G. H. &
LERCHE, I. [eds.]: Epicontinental Triassic.— Zbl.
Geol. Paldont., Teil 1, 1998 (7-8): 497-521.

MARCINKIEWICZ, T. (1971): The stratigraphy of the
Rhaetian and Lias in Poland based on megaspore
investigations.— Inst. Geol., prace, 65: 1-57.

MENNING, M. (1995): A numerical time scale for the
Permian and Triassic Periods: An integrated time
analysis.— In: SCHOLLE, P., PERYT, T. & ULMER-
SCHOLLE, D. [eds.]: The Permian of Northern Pan-
gea—1: 77-97.

MENNING, M. (2000): Stratigraphische Nomenklatur
fiir die Germanische Trias (von Alberti 1834) und

58

The Germanic Triassic

die Dyas (Marcou 1859, Geinitz 1861).— Z. geol.
Wiss., 28 (1/2): 281-290.

MIETTO, P. & MANFRIN, S. (1995): La successione
delle fauna ad ammonoidi al limite Ladinico-
Carnico (Sudalpino, Italia).— Ann. Univ. Ferrara,
Sci. Terra, 5 (Suppl.): 13-35.

MILANKOVITCH, M. (1941): Kanon der Erdbestrah-
lung und seine Anwendung auf das Eiszeitpro-
blem.— Royal Serbian Academy, Special Public.,
132, Section of Mathematical and Natural
Sciences, 33: 484 pp.

MIONO, S. & ZHENG CHENGZHI (1998): A study of mi-
crospherules around Permo-Triassic boundary at
Wanmo section, Guizhou province, South China.—
In: DETRE, C. H. & ToTH, L. [eds.]: Papers
presented to the 1998 Annual meeting of 1.G.C.P.
384 “Impact and extraterrestrial spherules.— New
tools for global correlation*: 66—69; Budapest.

Moisisovics, E. V., WAAGEN, W. & DIENER, C.
(1895): Entwurf einer Gliederung der pelagischen
Sedimente des Trias-Systems.— Sitzungsber. Akad.
Wiss., Math.-naturwiss. K1., 104 (1): 1-32.

MOSTLER, H. & SCHEURING, B. (1974): Mikrofloren
aus dem Longobard und Cordevol der Nordlichen
Kalkalpen und das Problem des Beginns der Keu-
persedimentation im Germanischen Raum.— Geol.
Paldont. Mitt. Innsbruck, 4 (4): 1-35.

MUNDIL, R., BRACK, P., MEIER, M., RIEBER, H. &
OBER-LL F. (1996): High resolution U-Pb dating of
Middle Triassic volcaniclastics: time-scale calibra-
tion and verification of tuning parameters for
carbonate sedimentation.— Earth Planet. Sci. Lett.,
141: 137-151.

MUNDIL, R., METCALFE, 1., LUDWIG, K. R., RENNE, P.
R., OBERLL F. & NicoLL, R. S. (2001): Timing of
the Permian-Triassic biotic crisis: implications
from new zircon U/PB age data (and their limita-
tions).— Earth Planet. Sci. Lett., 187: 131-145.

MUNDIL, R., ZUHLKE, R., BECHSTADT, T., PETERHAN-
SEL, A., EGENHOFF, S. O., OBERLI, F. MEIER, M.
BRACK, P. & RIEBER, H. (2003): Cyclicities in
Triassic platform carbonates: synchronizing radio-
isotopic and orbital clocks.— Terra Nova, 15:
81-87.

MUTTONI, G., KENT, D. V., OLSEN, P. E., DI STEFANO,
P., LOWRIE, W., BERNASCONI, S. M & HERNAN-
DEZ, F. M. (2004): Tethyan magnetostratigraphy
from Pizzo Mondello (Sicily) and correlation to
the Late Triassic Newark astrochronological pola-
rity time scale.— GSA Bull., 116: 1043—-1058.

MUTTONI, G., KENT, D. V., MECO, S., NICORA, A.,
GAE-TANI, M., BALINI, M., GERMANI, D. &
RETTORI, R. (1996): Magnetobiostratigraphy of the
Spathian to Anisian (Lower to Middle Triassic)
Kcira section, Albania.— Geophys. J. Int., 127:
503-514.

NAWROCKI, J. (2004): The Permian-Triassic boundary
in the Central European Basin: magnetostratigra-
phic constraints.— Terra Nova, 16: 139-145.



BACHMANN, G. H. & KOzUR, H. W.

NAWROCKI, J., PIENKOWSKI, G. & BECKER, A. (2005):
Conchostraca  (muszloraczki) z najnizszego
piaskowca Zachelmia, Goéry Swigtokrzyskie —
dyskusja.— Prz. Geol., 53 (3): 222-225.

NAWROCKI, J. & SzuLc, J. (2000): The Middle
Triassic magnetostratigraphy from the Peri-Tethys
basin in Poland.— Earth Planet. Sci. Lett.,, 182:
77-92.

NEWTON, R. J., PEVITT, E. L., WIGNALL, P. B. &
BOTTRELL, S. H. (2004): Large shifts in the iso-
topic composition of seawater sulphate across the
Permo-Triassic boundary in northern Italy.— Earth
Planet. Sci. Lett., 218: 331-345.

NITSCH, E. (1997): Zyklostratigraphie der Grabfeld-
Formation (unterer Mittelkeuper, Obertrias) in
Stiddeutschland.— Freiberger Forsch.-H., C 468:
245-257.

NitscH, E. (2002): Der Keuper und seine
Schichtliicken — eine Suche nach der verlorenen
Zeit— Vortrag vor der Subkommission Perm-Trias
der Deutschen Stratigraphischen Kommission am
3. Mai 2002 in Mainz, 2 pp.

NitscH, E. (2005, in press): Zyklostratigraphie des
Keupers.— In: DSK [ed.]: Stratigraphie von
Deutschland — Keuper.— Courier Forschungsinst.
Senckenberg.

NITSCH, E., VATH, U., SEEGIS, D., HAUSCHKE, N. &
Subkommission Perm-Trias (2002): Keuper.—
Stratigraphic Table of Germany 2002.

OLSEN, P. E. & KENT, D. V. (1996): Milankovitch cli-
mate forcing in the tropics of Pangaea during the
Late Triassic.— Palacogeogr., Palacoclimatol., Pa-
lacoecol., 122: 1-26.

OLSEN, P. E. & KENT, D. V. (1999): Long-period
Milankovitch cycles from the Late Triassic and
Early Jurassic of eastern North America and their
implications for the calibration of the Early
Mesozoic time-scale and long-term behavior of the
planets.— Phil. Trans. R. Soc. London, A 357:
1761-1786.

ORCHARD, M. J. & KRYSTYN, L. (1998): Conodonts of
the lowermost Triassic of Spiti, and new zonation
based on Neogondolella successions.— Riv. Italian
Paleont. Strat., 104 (3): 341-368.

ORCHARD, M. J. & TOZER, E. T. (1997): Triassic cono-
dont biochronology, its calibration with the ammo-
noid standard, and a biostratigraphic summary for
the western Canada sedimentary basin.— Bull. Ca-
nadian Petrol. Geol., 45 (4): 675-692.

ORLOWSKA-ZWOLINSKA, T. (1884): Palynostratigra-
phy of the Buntsandstein in sections of western
Poland.— Acta Palaeont. Polonica, 29 (3-4): 161—
194.

PALFY, J., PARRISH, R. R., DAVID, K. & VOROS, A.
(2003): Mid-Triassic integrated U-Pb geochrono-
logy and ammonoid biochronology from the
Balaton Highland (Hungary)— J. Geol. Soc.
London, 160: 271-284.

PALFY, J., SMITH, P. L. & MORTENSON, J. K. (2000): A
U-Pb and **40Ar-’Ar time scale for the Jurassic.—
Canadian J. Earth Sci., 37: 923-944.

The Germanic Triassic

PAUL, J. (1993): Milankovitch cycles in the Lower
Triassic (Buntsandstein, Central Europe).— Geosci.,
3: 5-6.

PAUL, J. & KLARR, K. (1987): Feinstratigraphie und
Fazies des Unteren und Mittleren Buntsandsteins
in der Bohrung Remlingen 5.— III., GSF-Bericht
8/87, 148 pp.; Neuherberg.

PAYNE, J. L., LEHRMANN, D. J., WIE JIAYONG, OR-
CHARD, M. J., SCHRAG, D. P. & KNOLL, A. H.
(2004): Large pertubations of the carbon cycle
during recovery from the end-Permian extinction.—
Science, 305: 506-509.

PENG YUANQIAO, TONG JINNAN, SHI G. R & HANSEN,
H.J. (2001): The Permian-Triassic boundary strati-
graphic set: Characteristics and correlation.—
Newsl. Stratigr., 39: 55-71.

PENG YUANQIAO, WANG SHANGYAN, WANG YUFANG
& YANG FENGQING (2002): A proposed area for
study of accessory section and point of terrestrial
Permian-Triassic boundary.— J. China Univ.
Geosci., 13 (2): 157-162.

PENG YUANQIAO, ZHANG SUXIN, YU TIANXIN, YANG
FENGQING, GAO YONGQUN & SHI G. R. (2005):
High-resolution terrestrial Permian-Triassic even-
tostratigraphic boundary in western Guizhou and
estern Yunnan, southwestern China.— Palaeo-
geogr., Palacoclimaol., Palacoecol., 215: 285-295.

POPPELREITER, M. (1999): Controls on epiric succes-
sions exemplified with the mixed siliciclastic-
carbonate Lower Keuper (Ladinian, Germanic
Basin).— Tiibinger Geowiss. Arb., A 51: 126 pp.

PTASZYNSKI, T. & NIEDZWIEDZKI, G. (2004a): Late
Permian vertebrate tracks from Tumlin Sandstone,
Holy Cross Mountains, Poland.— Acta Palacont.
Polonica, 49 (2): 289-320.

PTASzYNSKI, T. & NIEDZWIEDZKI, G. (2004b): Con-
chostraca (muszloraczki) z najnizszego piaskowca
Zachelmia, Gory Swigtokrzyskie— Prz. Geol., 52
(12): 1151-1155.

PTASZYNSKI, T. & NIEDZWIEDZKI, G. (2005): Concho-
straca (muszloraczki) z najnizszego piaskowca Za-
chelmia, Gory Swigtokrzyskie — odpowiedz— Prz.
Geol., 53 (3): 225-229.

REINHARDT, L. & RICKEN, W. (2000): Climate cycles
documented in a playa system: Comparison of geo-
chemical signatures derived from subbasins (Trias-
sic, Middle Keuper, German Basin).— In: BACH-
MANN, G. H. & LERCHE, 1. [eds.]: Epicontinental
Triassic.— Zbl. Geol. Paldontol., Teil I, 1999: 315—
340.

ROHL, U. (1988): Multistratigraphische Zyklengliede-
rung im Oberen Muschelkalk Nord- und Mittel-
deutschlands.— 285 pp., Dissertation Univ. Bonn.

ROHLING, H.-G. (1991): A lithostratigraphic subdivi-
sion of the Lower Triassic in the northwest Ger-
man Lowland and the German Sector of the North
Sea, based on Gamma-Ray and Sonic Logs.—
Geol. Jb., A 119: 3-24.

ROHLING, H.-G. (1993): Der Untere Buntsandstein in
Nordwest- und Nordostdeutschland — Ein Beitrag
zur Vereinheitlichung der stratigraphischen No-
menklatur.— Geol. Jb., A 142: 149-183.

59



BACHMANN, G. H. & KOzUR, H. W.

ROHLING, H.-G. (1999): The Quickborn Sandstone — a
new lithostratigraphic unit in the lowermost
Middle Buntsandstein (Scythian).— In: BACH-
MANN, G. H. & LERCHE, 1. [eds.]: Epicontinental
Triassic.— Zbl. Geol. Paldont., Teil I, 1998 (7-8):
797-812.

ROMAN, A. (2003): Sequenzstratigraphie und Fazies
des Buntsandsteins im stlichen Teil des Germani-
schen Beckens (Polen, Deutschland).— 144 pp.,
Dissertation Univ. Halle.

SCHEURING, B. W. (1970): Palynologische und paly-
nostratigraphische Untersuchungen des Keupers
im Bolchentunnel (Solothurner Jura).— Schweizer
Paldont. Abh., 88: 119 pp.

SCHEURING, B. W. (1978): Microfloren aus den Meri-
dekalken des Mte. San Giorgio (Kanton Tessin).—
Schweizer Paldont. Abh., 10: 205 pp.

SCHOLGER, R., MAURITSCH, H. J. & BRANDNER, R.
(2000): Permian-Triassic boundary magnetostrati-
graphy from the Southern Alps (Italy).— Earth
Planet. Sci. Lett., 176: 495-508.

SCHON, M. (1967): Hystrichosphaerideen aus dem
Mittleren Buntsandstein von Thiiringen.— Monats-
ber. Deutsche Akad. Wiss. Berlin, 9 (6/7): 527—
535.

SEEGIS, D. (1997): Die Lehrbergschichten im Mitt-
leren Keuper von Siiddeutschland — Stratigraphie,
Petrographie, Paldontologie, Genese.— 382 pp.;
Remshalden-Buoch (Hennecke).

SEELING, M. (2000): Fazielle und sequenzstratigraphi-
sche Untersuchungen im Rhitkeuper (Exter-
Formation) Thiiringens und des noérdlichen Harz-
vorlandes.— 116 pp., Diploma Thesis Univ. Halle.

SEELING, M. & KELLNER, A. (2002): Sequenzstratigra-
phie des Nor und Rhit im Nordwestdeutschen
Becken unter Beriicksichtigung Siiddeutschlands.—
Z. deutschen geol. Ges., 153: 93-114.

SEIDEL, G. (1965): Zur geologischen Entwicklungsge-
schichte des Thiiringer Beckens.— Geologie, Beih.
50: 1-119; Berlin.

SEILACHER, A. (1943): Elasmobranchier-Reste aus
dem Oberen Muschelkalk und dem Keuper Wiirt-
tembergs.— N. J. Geol. Paldontol., Mh., 1943 B:
256-292.

SHEN YANBIN, GARASSINO, A. & TERUZZI, G. (2002):
Studies on Permo-Triassic of Madagascar. 4. Early
Triassic Conchostracans from Madagascar.— Atti
soc. it. Sci. nat. Museo civ. Stor. nat. Milano, 143
: 3-11.

SoLT, P., DETRE, C. H., BRAUN, T. & DON, G. (2002):
New P/T interstellar sphaerule occurrences in the
Biikk Mts. (NE Hungary).— In: CADA, M., HoOU-
ZAR, S., HRAZDIL, V. & SKALA, R. [eds.]: IX. Inter-
national Conferenc on moldavites, tektite and im-
pact processes, Field trip guidebook and abstracts,
50; Frantiskovy Lazné (Franzensbad).

STRASSER, A. & SAMANKASSOU, E. (2003): Carbonate
sedimentation rates today and in the past:
Holocene of Florida Bay, Bahamas, and Bermuda
vs. Upper Jurassic and Lower Cretaceous of the
Jura Mountains (Switzerland and France).— Geol.
Croatica, 56 (1): 1-18.

60

The Germanic Triassic

SWIFT, A. (1989): First records of the conodonts from
the Late Triassic of Britain.— Palaeontology, 32
(2): 325-333.

SWIFT, A. (1995): Conodonts from the Late Permian
and Late Triassic of Britain.— Monogr. Palacontol.
Soc., 80 pp.

SZURLIES, M. (2001): Zyklische Stratigraphie und
Magnetostratigraphie des Unteren Buntsandsteins
in Mitteldeutschland.— 116 pp., Dissertation Univ.
Halle.

SZURLIES, M. (2004a): Magnetostratigraphie als
Schliissel zur globalen Korrelation der Germani-
schen Trias — Fallstudie Unter Buntsandstein.—
Hallesches Jahrb. Geowiss., B, Beih. 19, 79-90.

SZURLIES, M. (2004b): Magnetostratigraphy: the key
to a global correlation of the classic Germanic
Trias — case study Volprichausen Formation
(Middle Buntsandstein), Central Germany.— Earth
Planet. Sci. Lett., 227: 395-410.

SZURLIES, M. & KOzUR, H. W. (2004): Preliminary
palaeomagnetic results from the Permian-Triassic
boundary interval, Central and NW Iran.—
Albertiana, 31: 41-46.

TIAN SHUGANG (1991): The terrestrial cause of
organic extinction by the end of the Permian.—
Bull. Chinese Acad. Sci., 22: 167-178.

TONG JINNAN, ZAKHAROV, Y. D., ORCHARD, M. J.,
YIN HONGFU & HANSEN, H. J. (2004): Proposal of
Chaohu section as the GSSP candidate of the
Induan-Olenekian boundary.— Albertiana, 29: 13-27.

TONG JINNAN, ZHA LAISHI, ZUO JINGXUN, HANSEN, H.
J & ZAKHAROV, Y. (2005): An integrated Lower
Triassic sequence in Chaohu, Anhui Province.—
Earth Sci. Journ. China Univ. Geosci., 30 (1): 40—
46 [in Chinese with English abstract].

TOUGIANNIDES, N. (2004): Geochemische, spektrome-
trische und stratigraphische Untersuchungen in
pedogenen Folgen des Steinmergelkeupers (Obere
Trias) im Thiiringer Becken.— 124 pp., Diploma
Thesis Univ. Kéln.

TOZER, E. T. (1974): Definitions and limits of Triassic
stages and substages: suggestions prompted by
comparisons between North America and the
Alpine-Mediterranean region.— In: ZAPFE, H. [ed.]:
The stratigraphy of the Alpine-Mediterranean
Triassic.— Osterreichische Akad. Wiss., Schriftenr.
Erdwiss. Komm., 2: 195-206.

Tozer, E. T. (1994): Significance of Triassic stage
boundaries defined in North America.— In: GUEX,
J. & BAUD, A. [eds.]: Recent developments on
Triassic stratigraphy.— Mém. Géol. (Lausanne), 22:
155-170.

TRUSHEIM, F. (1961):Uber Diskordanzen im Mittleren
Buntsandstein  Nordwestdeutschlands zwischen
Ems und Weser.— Erddl Z., 77: 361-367.

TRUSHEIM, F. (1963): Zur Gliederung des Buntsand-
steins.— Erdol Z., 19 (7): 277-292.

URLICHS, M. (1978): Uber zwei alpine Ammoniten
aus dem Oberen Muschelkalk SW-Deutschlands.—
Stuttgarter Beitr. Naturk., Ser. B, 39: 1-13.



BACHMANN, G. H. & KOzUR, H. W.

URLICHS, M. (1991): Zur Gliederung des Oberen Mu-
schelkalks in Baden-Wiirttemberg mit Ceratiten.—
In: HAGDORN, H. & SEILACHER, A. [eds.]: Mu-
schelkalk. Schontaler Symposium 1991.— Sonder-
bd. Ges. Naturkunde in Wiirttemberg, 2: 153—156.

URLICHS, M. & KURZWEIL, W. (1997): Erstnachweis
von Flexoptychites (Ammonoidea) aus dem
Oberen Muschelkalk (Mitteltrias) Nordwiirttem-
bergs.— Stuttgarter Beitr. Naturk., Ser. B, 253: 1-8.

URLICHS, M. & TICHY, G. (1998): Correlation between
the Bleiglanzbank (Gipskeuper) of Germany and
upper Ladinian beds of the Dolomites (Italy).— In:
BACHMANN, G. H. & LERCHE, I. [eds.]: Epiconti-
nental Triassic. International Symposium, Halle
(Saale), Germany, September 21-23 1998, Abstr—
Hallesches Jahrb. Geowiss., B, Beih. 5: 179.

URLICHS, M. & TICHY, G. (2000): Correlation of the
Bleiglanzbank (Gipskeuper, Grabfeld Formation)
of Germany with upper Ladinian beds of the
Dolomites (Italy).— In: BACHMANN, G. H. &
LERCHE, 1. [eds.]: Epicontinental Triassic.— Zbl.
Geol. Paldont., Teil I, 1998 (9-10): 997-1007.

VISSCHER, H., BRUGMAN, W. A. & VAN HOUTE, M.
(1993): Chronostratigraphical and sequence strati-
graphic interpretation of the palynomorph record
from the Muschelkalk of the Obersee well, south
Germany.— In: HAGDORN, H. & SEILACHER, A.
[eds.]: Muschelkalk. Schontaler Symposium
1991.— Sonderb. Ges. Narturk. Wiirttemberg, 2:
145-152.

VOROS, A. [ed.] (2003): The Pelsonian Substage on
the Balaton Highland (Middle Triassicic, Hunga-
ry).— Geol. Hungarica, Ser. Palaeont., 55: 195 pp.

WANG, K., GELDSETZER, H. H. J. & KROUSE, H. R.
(1994): Permian-Triassic extinction: Organic 8"C
evidence from British Columbia, Canada.— Geolo-
gy, 22: 580-584.

WANG SHANGYAN & YIN HONGFU (2001): Discovery
of microsphaerules near the terrestrial Permian-
Traissic boundary.— Geological Review, 47 (4):
411-414.

WARTH, M. (1988): Lebten die Muscheln des Schilf-
sandsteins (Trias, Karn, km2) im Meer?— Jber.
Mitt. oberrheinischen Geol. Ver., N.F., 70: 245-266.

WARTH, M. (1990): Die Muschelfauna des siidwest-
deutschen Schilfsandsteins (Obere Trias, Nor,
Mittlerer Keuper) und ihre stratigraphische Ver-
breitung.— N. J. Geol. Paldontol., Abh., 181: 107—
115.

WEEDON, G. (2003): Time-series analyses and cyclo-
stratigraphy.— 259 pp; Cambridge (Univ. Press).
WHALEN, P., CARTER, E. S. & ORCHARD, M. J. (2003):
Radiolarians and conodonts from the Rhaetian (up-
permost Triassic) of Baja California Sur.— Interrad

2003, Uni Lausanne, 115.

WIENHOLZ, E. & KOZUR, H. (1970): Drei interessante
Ostracodenarten aus dem Keuper im Norden der
DDR.— Geologie, 19 (5): 588-593.

WIGNALL, P. B., MORANTE, R. & NEWTON, R. (1998):
The Permo-Triassic transition in Spitsbergen:
613Corg chemostratigraphy, Fe and S geochemistry,

The Germanic Triassic

facies, fauna and trace fossils.— Geol. Mag., 135:
47-62.

WOLBURG, J. (1969): Die epirogenetischen Phasen der
Muschelkalk- und Keuper-Entwicklung Nordwest-
deutschlands mit einem Riickblick auf den Bunt-
sandstein.— Geotekton. Forsch., 32: 1-65.

XU DAOYI & YAN ZHEN (1993): Carbon isotope and
iridium event markers near the Pemian-Triassic
boundary in the Meishan section, Zhejiang
Province, China.— Palacogeogr., Palacoclimatol.,
Palaeoecol., 104: 171-176.

YIN HONGFU (1985): On the transitional beds and the
Permian-Triassic boundary in South China.—
Newsl. Stratigr., 15 (1): 13-27.

YIN HONGFU, HUANG SUI, ZHANG KEXING, HANSEN,
H. J.,, YANG FENGQING, DING, MEIHUA & BIE
XIANMEI (1992): The effects of volcanism on the
Permo-Triassic mass extinction in South China.—
In: SWEET, W. C., YANG, ZUNYI, DICKINS, J. M. &
YIN HONGFU [eds.]: Permo-Triassic events in the
eastern Tethys.— 146—157; Cambridge (Cambridge
Univ. Press).

YIN HONGFU & ZHANG KEXIN (1996): Eventostrati-
graphy of the Permian-Triassic boundary at Mei-
shan section, South China.— In: YIN HONGFU [ed.]:
The Palaeozoic-Mesozoic boundary. Candidates of
global stratotype section and point of the Permian-
Triassic boundary.— 84-96; Wuhan (China
University of Geosciencs Press).

YIN HONGFU, ZHANG KEXIN, TONG JINNAN, YANG
ZUNYI & WU SHUNBAO (2001): The Global Strato-
type Section and Point (GSSP) of the Permian-
Triassic boundary.— Episodes, 24 (2): 102—-114.

ZAKHAROV, Y. D. & SOKAREV, A. N. (1991): Biostra-
tigrafija i paleomagnetism permi i triasa Evrazii.—
AN SSSR, Dalnevostochnoe otdelenie, Dalnevo-
stochnyj Geologicheskij Institut, 135 pp.; Moskva
(Nauka).

ZHU YANMING & LIU YUGAN (1999): Magnetostrati-
graphy of the Permian-Triassic boundary section at
Meishan, Changxing, Zhejiang Province.— In: YIN
HONGFU & TONG JINNAN [eds.]: Proceedings of
the International Conference on Pangaea and the
Paleozoic-Mesozoic transition.— 79—84; Wuhan
(China University of Geoschiences Press).

ZUHLKE, R. (2003): Model-Submilankovitch forcing
of the elementary cycles and the complete Milan-
kovitch signal (prescession, obliquity, eccentricity)
in the large-scale cycle boundlings.— In: BECH-
STADT, T., BRACK, P., PRETO, N., RIEBER, H. &
ZUHLKE, R.: Field trip to Latemar. Triassic
geochronology and cyclostratigraphy — a field
symposium.— St. Christina/Val Gardena, Dolomi-
tes, Italy, September 11-13 2003, Guidebook, III-
1-111-46.

ZUHLKE, R., BECHSTADT, T. & MUNDIL, R. (2003):
Sub-Milankovitch and Milankovitch forcing on a
model Mesozoic carbonate platform — the Latemar
(Middle Triassic, Italy).— Terra Nova, 15: 69—80.

61



BACHMANN, G. H. & KOzUR, H. W.

Adresses of the authors

Prof. Dr. G. H. Bachmann

Martin-Luther-Universitdt Halle-Wittenberg

Institut fiir Geologische Wissenschaften und Geiseltalmuseum
Von-Seckendorff-Platz 3

D-06099 Halle (Saale)

Germany

e-mail: gerhard.bachmann@geo.uni-halle.de

Dr. habil. Heinz W. Kozur
Rézsii u. 83

H-1029 Budapest

Hungary

e-mail: kozurh@helka.iif.hu

62

The Germanic Triassic


mailto:bachmann@geologie.uni-halle.de;
mailto:kozurh@helka.iif.hu

	Bachmann&Kozur 2004.doc
	Hallesches Jahrb. Geowiss.
	B 26
	17 – 62
	Halle (Saale) 2004
	1  Introduction – 
	Possibilities and problems with correlation of the Germanic Triassic
	2  International scale and numerical ages
	3  Germanic Triassic
	3.1  Lithostratigraphy and facies
	3.2  Cyclicity and possibility of astronomic calibration of the Germanic Triassic

	4  Correlation of the Germanic Triassic with the international scale
	4.1 Buntsandstein
	 
	4.2  Muschelkalk
	 
	4.3  Keuper

	5  Conclusions


