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The Global 8atotype Section and Point (GSSP) strong initial negative excursion at the boungaetween
defining the base of the Jurassic System Lower Jurassithe Kossen and Kendlbach formations, 5.8 m (Kuhjoch
Epoch and Hettangiant&ye is situated at the Kuhjoch W) below the-D bounday, a shift to mae positive3513(:Org
pass, Kawendel Mountains, Ntiern CalcaeousAlps, in the Schattwald Beds and a gradual decline toemor
Austria (47°29'02"N/1°31'50"E). The fiassic-Jurassic  negative values at the transition of the Schattwald Beds
(T-J) bounday is exposed at Kuhjochéat and at to the poximate Tefengraben Mb. The stratotype point
Kuhjoch East, and coesponds to the first ocawnce lies within a zone of smaller negative and posiﬁ\?@org
(FO) of the ammonit@siloceras spelae tirolicurithe  peaks, which is superimposed on a longer lasting main
“Golden Spike” was fixed at Kuhjoch East. The section negative shiftAccoding to recent investigations, the
displays a high and continuous sedimentation rate withradiometric age of the-J bounday is about 201,3 Ma.

a constant faciesénd acoss the boundarlevel. Other
bio-events include the FO of the aragonitic foraminifer Intr oduction

Prae.gubklnella twescensand of diverse ostracod The Global ®atotype Section and Point (GSSP) defining the
species 1.0-3.40 cm below the F@®dfpelaeand 3.2 M pase of the Jurassic System, Lower Jurassic Series and Hettangian
below P spelae occurs the continental palynomorph Stage is situated at the Kuhjoch pass, Karwendel Mountgjnsl,
Cerebropollenites thigartii. Because of the lack of other Austria (47°29'02"N/1°31'50"E) (Figs. 1-4)This boundary has
terrestrial micofloral events this is yet the FO event ;ici:tg:gcegigrr‘:shzyg;‘j’;')o?: S’Lt:ee 'Z”éggjas;’r:‘:}‘f;?g:’g?(’;i?”
closest to the FO d? spelaeand allows a caelation Commission on tgatigraphy (ICS) in May 2009 and ratified by the
with nonmarine sediments. THE"COrg recod shows a  Executive Committee of the International Union of Geosciences
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1994; SoutiAmerica: Prinz, 1985; Hillebrandt, 1994).
Investigations in NortiAmerica (Guex, 1980, 1995;
Guex et al., 1998) demonstrated that morphologically
different psiloceratids appear distinctly earlier than the
traditional P. planorbisand may be missing in the
epicontinental sea of Northwestern Europe due to
shallow marine environment®siloceras spelae
described by Guex et al. (1998), d@dilmanni (= P.

cf. tilmannisensu Hillebrandt and Krystyn, 2009) from
Nevada, are the oldest representativésiibcerasn
North America.The occurrence & spelaebelow P.

cf. tilmanniin Peru andAustria makes it to a global
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Figure 1. Geographical location of the rassic-Jurassic boundary sections in thétratotype Section and Point (GSSP) were published
eastern part of the Northern Calcareoudps. Orange-coloured area Fig. 2. in the ISJS Newsletter 34(1), edited by Paul Bown,

Nicol Morton and Jackie Lees, July 2007 and 35(1),

(IUGS) inApril 2010.The inauguration of the GS$&$dk placeAugust 2008, edited by Nicol Morton &t8phen Hesselbo, December 2008
2011 (Morton, 2012). [http://jurassic.earth.ox.ac.uk/newsletter$he International

Considering the long history of research on Thiassic and Subcommission on Jurassitra@&igraphy (ISJS) first made a choice
Jurassic, this may seem surprising, but a major extinction event duringpetween difierent primary markers: the ammon@isiloceras spelae
this interval strongly décted the traditional fossil biomarkers (at Feguson Hill section, Nework Canyon, Nevada, USand at
(ammonoids, conodonts) and agleuglobal sea level drop associated Kuhjoch section, Karwendel Mountains, Northern Calcarédps,
with tectonic and volcanic events resulted in a paucity of sectionsTyrol, Austria), the ammonit@siloceras planorbigat S. Audrie’s
with continuous marine sequence containing key fossils. Bay section, Somerset, England, UK and\atterloo Bay section,

The Northern Calcareodps (NCA) ofAustria have been known  Larne, Northern Ireland), a major evolutionary change of radiolarian
since more than 100 years as a major sourtetbf/an (i.e. tropical) faunas (at Kunga Island section, Queen Charlotte Islands, British
Hettangian ammonites (e\y&hner 1882-1898; Lange, 1952; Blind, = Columbia, Canada), and a carbon isotope excursion gai$aat Hill
1963; Kment, 2000) occurring in sequence with their presumedsection.The vote of the Subcommission was clearly in favor of
Triassic precursors (Mojsisovics, 1898iedmann, 1970)he latter Psiloceras spelaePs. spelaes3.7%;Ps. planorbis19.4%; carbon
are missing in northwestern Europe and are only reported from a fewsotope excursion 16.4%; radiolarian turnover 10.5%. Kuhjoch was
places globally (ibet:Yin et al., 2007; Northmerica:Tozer 1979, then selected as GSSP for the base of the Jurassic System, Lower
Jurassic Series and Hettangigade (Kuhjoch section
56.1%; Feguson Hill section 31.6%; abstain 12.3%).
The section was chosen because, beside its continuous
sedimentation, it contains the richest known marine
fauna in the world for this time period and an abundant
microflora allowing a cross-correlation with the
continental realm and a low diagenetic overprint, which
allows chemical proxies to be appliédwvell preserved
species oPsiloceraqP. spelae tiplicum) (Hillebrandt
and Krystyn, 2009) within the loweériefengraben
Member correlates with and is comparable with the
Fongioctis] oldestPsiloceras(P. spelae spelgen NorthAmerica
2,35 km (Muller Canyon, Nevada, USA), but it is much better
preserved (e.g. aragonitic shell, phragmocone and body
chamberwhorl section and complete suture line) than
the crushed NortAmerican specimens, which lack the
shell, an exact cross section, and the suture line.
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Figure 2. Geographical location of the principalriassic-Jurassic boundary sections The GSSP at Kuhjoch is located on the southern
of the western Karwendel Syncline. flank of the Karwendel Syncline, about 25 km north-
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Figure 3. Geographical location of and access routes to the Kuhjoch

and Ochserdljoch sections.

accessible through the Baumgartenbach valley on a 16 km long forest
road (driving permit from the OEBF = Osterreichische Bundesforste,
oberinntal@bundesforste.at) starting south of the village of Fall in
Bavaria (Germany), with a 1.5 to 2 hours walk from the Hochstallalm
Niederleger (Fig. 3). Kuhjoch (Fig. 4) [mountain pass located between
Kuhjoch peak (not named on topographic map 1:50 000) and
Holzelstaljoch peak; Fig. 3] and Ochsentaljoch [located 750 m to the
west (mountain pass between Ochsental and Hochstall valleys);
47°29'0"/11°31'50"], are situated within a natural reserve (Karwendel
Naturpark) at altitudes of 1700-1800 m, i.e. beyond the main tree
and bush growth zone (Figs. 4, 7) (air photographs and topographic
maps:http://tiris.tirol.gvat/web/index.cfmsearch for place name:
Hochstall-Hochleger). Sections were excavated and studied on both
sides of the pass (Kuhjodiest and Kuhjoch East) (Fig. 8Jhe
“Golden Spike” (Fig. 9) was fixed at Kuhjoch East because a
higher guarantee of conservation (steep slope at KuHhjéest

and flat slope at Kuhjoch Easthis guarantees long-term exposure
and conservation with respect to protection stathere is enough
space to extend, mainly at the western side of the pass, at any
time fresh outcrops of the weathering marls. For reasons of protection,
the section Kuhjoch East was fenced in by a wooden hoarding

(Fig. 9).

Geological Setting

Expanded and highly fossiliferous sedimentary successions across
theTriassic-Jurassic €J) boundary in the NCAre mainly found in
the so-called EibgrBasin, a Rhaetian intraplatform depression, which
can be traced over 200 km from the Salzkanguie(Kendlbach,
UpperAustria) in the east to the Lahnewiesgraben valley (northwest

north-east of Innsbruck and 5 km east-north-east of the village ofof Garmisch-Partenkirchen, Bavaria) in the west (Fig. 1). In the

Hinterriss. On the 1:50.000 scale topographic majustria (sheet
118: Innsbruck); the coordinates are 47°29'021RB1'50"E. It is

western part of this basin, the Karwendel Syncline is a local, East-
West trending synclinal structure, approximately 30 km long, within

N
Kuhjoch peak

S

Figure 4. Photograph of Kuhjoch moumtin and Kuhjoch pass with location of Kuhjoctest section indicated by Wite line.
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the Inntal nappe of the western Northern Calcarétpss It is wide 2010) and are found at the GSSP about 18.5 m above the horizon
and relatively flat near thischensee in the east (Fig. 1) and narrows with P. spelae(Hillebrandt and Krystyn, 2009).
towards the west with increasingly steep to overturned flanks at its  The Eibeg Basin was an intraplatform trough bordered to the
western end close to Mittenwald (Fig. 2) — see Geological mapsoutheast by a broad Rhaetian carbonate platform (Dachstein Lagoon)
1:75000, sheet 29, Innsbruck uAdhensee byAmpferer and with, locally, fringing reefs and, further southeast, an outer shelf
Ohnesoge (1912) (out-of-print); Geological map (Geofast) 1: 50000, (Hallstatt Basin) transitional to thEethys Ocean (Brandner and
sheet 18: Innsbruck, compilation by Moser (2008), Geologische Gruber 2011).Another partly terrigeneous-influenced carbonate ramp
Bundesanstalt (2008/09); Geological map 1:10000 by S. SchiitZOberrhaet limestone lagoon) of the LechtalAllghu nappes existed
(1974) (unpublished) (Figs. 5, 6) north of the Eibey Basin Within this unit, intraplatform depressions

T/J boundary sections east of the Karwendel Syncline are classicavith sedimentary successions across Thiassic-Jurassic (J)
localities and have been studied by various authors (references iboundary similar to those of the Eibebasin are also found (e.g.
Kirschner et al., 2007he boundary sections of the Karwendel Restental, Uppekustria; NEAschau, Chiemsee, Bavari&@nnheim,
Syncline, belonging to the western part of the EjbBasin, have  Allgéu; LorlinsVorarlbeg). Earliest Jurassic ammonites are not found
been much less studied and detailed biostratigraphic information aboubut a biostratigraphic correlation is possible with foraminifers
the Tiefengraben Member is is only known recentost of the (Praegubkinells tugescens TheAllgau Unit was bordered landward
recently studied outcrops are situated on the southern flank of thdy the Keuper area of Southern Germany (or was separated from the
Karwendel Syncline, and at least five of them (Hochalplgraben, latter by theVindelician High).
Rissbach, Schlossgraben, Ochsentaljoch and Kuhjoch; Fig. 2) have The Rhaetian Késsen Formation spreads over the Hauptdolomite
become important as a result of the findings of new psiloceratidsLagoon with subtidal mixed limestone and clay bearing bioclastic
distinctly older than the well-known earlid3silocerasof England rocks. The sedimentary facies of the Rhaetian Késsen Formation
(P. erugatum, P planorbig and theAlps (P. calliphyllum). The changed around the Middle to Late Rhaetian boundary (base of marshi
ammonites of the bed wifd calliphyllumcan be compared with the ~ Zone) with the onset of a basinal facies (Ejjelember) above the
earliest Psiloceras in England (Bloos, 2004, Page, 2003, Page et alinderlying shallow water sequence of the Hochalm Member
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Figure 5. Geological map of the Kuhjoch area (Schitz, 1974).
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166

Figure 7. Section KuhjochMest, outcrop situation June 2006. E.M.NI. boundary Eiberg Member/igfengraben

Member (see also Fig. 20AR. spelaewith arrow = horizon withPsiloceras spelae twlicum; third person from lef
= level withPsiloceras pacificum;leftmost person (L. Krystyn) approx. first arenitic beds.

Figure 8. Air photograph (eken 2009, before Kuhjoch East was excavated) of Kuhjoch pass with sections Kujesth(1) und
East (2).
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started at the end of the K&ssen Formation with a bituminous layer
culminated with the Schattwald Beds near the end of the Rhaetian
and was followed by a slow long-term sea level rise that started in the
latest Rhaetian, continued through the Hettangian and exceeded the
Rhaetian highstand relatively late in the late Sinemurian (Krystyn et
al., 2005). McRoberts et al. (2012,fig. 5) assume the lowest point of
sea level fall in the uppermost part of the Egpodtember (sensu
McRoberts et al., 2012) followed by a continuous sea level rise from
the Tiefengraben Member upwardghe Kendlbach Formation is
replaced up-section by Early Jurassic carbonates of both increasing
water depth and pelagic influence (Adnet Formation).

Within the Eibeg Basin between Kendlbach (Lakie\Solfgang)
and Garmisch-Partenkirchen (Fig. 1), all sections show the same
sedimentary record across fiid boundary with varying carbonate
vs. clay content depending on their more givaal or more distal
position within the basinA general increase in thickness of the
Tiefengraben Member can be observed from east to west, nearly
double in the Karwendel syncline compared with the eastern
Kendlbach andiefengraben sectiong/ith a thickness of more than
20 m, the Karwendel Syncline exposes one of the most expanded
Triassic-Jurassic boundary successions of all knalpime and
worldwide marine sectiondmong the divers&-J boundary sections
of the western EibgrBasin, therefore, the Kuhjoch Pass was selected
as GSSP for the base of the Jurassic because it presents the best
continuously available and most compl&t@ boundary sections of
the area. Only the topmost part of the boundary sequence, with the
transition to thé®. calliphyllumhorizon, 10 to 18 m above the GSSP
level, has been studied in more detail at a neighbouring locality
(Ochsentaljoch) about 750 m to the west of Kuhjoch (Fig. 3), where
this interval is better exposed and suggest a clearer presentation.

Figure 9. Section Kuhjoch EastékenAugust 201) with “Golden Stratigraphy
Spike” at the Tiassic-Jurassic boundaryiew from North to South,

beds vertical to slightly overturned; Fault = fault surface; EM. = Position of main boundary-relevant ammonite
Eiberg Member; T™M. = Tief ben Memb .
iberg Member iefengraben Member levels 1 to 7(Fig. 10)

(Golebiowski, 1989)The continuously subsiding EilpBasin Three new ammonite levels (levels 2, 3 and 4) have been found
reached 150-200 m water depth in Late Rhaetian time and wasat GSSPKuhjoch West which are located between the widely
therefore, less &cted by the endfiassic sea level drop, which led  distributed and long-know@&horistoceras marshiound up to the

to widespread and longéasting emersion of the surrounding shallow uppermost beds of the Upper Rhaetian Ejiddember (level 1) and
water areas. Marine conditions prevailed in the basin across the Systethe also long-known Lower Hettangian limestone bed Raffoceras
boundary though a distinct and abrupt lithological change from calliphyllum(level 5) (Fig. 10) of the BreitenllpMember Between
basinal carbonates of the EigeMember to marls and clayey the Eibeg and Breitenber Members is positioned the 22 m thick,
sediments of the lower Kendlbach Fm. took pladef€hgraben Mb., continuous succession of marls and marlstones ofigiengraben
corresponding to the British pre-Planorbis Beds), which is interpretedMember with theT-J boundary interval and following ammonite
as a result of this sea level drde change is said to be connected levels:

with the start of the volcanism of the Centfdlantic Magmatic ammonite level (2)with Psilocerasspelae tiolicumfrom 5.80

Province (CAMP) whose record in the EipeBasin was recently to 6.20 m;

evidenced by Pélfy and Zajzon (2012) from elemental geochemistry ~ ammonite level (3)with Psilocerasex gr tilmanniat 7.6-8.0 m;

and mineralogy for the bituminous topmost layer of the Kdssen ammonite level (4 with Psilocerascf. pacificumat 12.0-12.4 m

Formation at Kendlbach. above the base of the member (Hillebrandt and Krystyn,
The drastic lithological change was interpreted during recent 2009).

decades as th&J boundary (Golebiowski, 1990; Hallam and The base of the level witRsilocerasspelae tiolicum was

Goodfellow 1990) because it coincides with the disappearance offound at Kuhjoch East 6.30 m above the top of the Kdssen Formation
typical Triassic fossils such as ammonoids and conodonts. New studie¢Eiberg Member). Levels (3) to (5) were also found in Ochsentaljoch
demonstrate, howevethat the lowest meters of tAéefengraben (Fig. 10).

Mb. (= “Rhaetische Grenzngel” sensuFabricius, 1960, 1966 — The clays and marls of tfiéefengraben Member were formerly
including the reddish Schattwald Beds) still yield@rassic micro- called “Rhaetische Grenzngsl” [type locality Marmograben,

and nannoflora (Kirschner et al., 200)e regression was fast; it western Karwendel Syncline (Fig. 2)] (Fabricius, 1960, 1966) and
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correspond in current nomenclature to Tiefengraben Member of ~ laminated in its upper halfhe top of this bed (~ 1 cm thick and mm-
the Kendlbach area where the membefedif by additional marly laminated) is black and bituminous, rich in bivalves and fish remains
limestone intercalation¥he overlying BreitenbgrMember (named  (scales) indicating an anoxic event and a first regressi@e(Tis
“Liasbasiskalk” by Ulrich 1960in the Karwendel Syncline) is rather employed diferently by McRoberts et al. (2012) by restricting it to
uniformly developed and consists of a 2-3 m package of limestoneghe bituminous very top dFBed sensu Hillebrandt et al. (200The

with ammonite level (5) close to the tdxs ammonites of several  original definition is retained here because of the lithologic and
distinct biohorizonsR. calliphyllum/costosumand P. naumanni faunistic uniformity of the whole bedAbove, the Kendlbach
horizons) occur closely togethésvel (5) may be condensed and is Formation is divided into the lower 22 m thick terrigeneous
thought to correlate with a major part of the Planorbis Zone of Tiefengraben Member and above the following 3 m thick calcareous
Northwestern Europe (Fig. 22; Bloos, 2004). Levels 6 and 7 (Kuhjoch)Breitenbeg Member

(Fig. 10) are also condensed and can be correlated with the Middle Grey to brownish clay-rich marls (up to 13 cm thick) with
HettangianAlpine Megastoma and the Late Hettangkslpine concretions of pyrite and worm-shaped traces constitute the base of
Marmoreum zones (Hillebrandt and Kment, 201 theTiefengraben Member and are overlain by yellowish weathering,
partly laminated marls (ca. 30 cm thick) passing into reddish, partly
laminated, silty clays approximately 2 m thick (Figs. 9, 19,

thhostratlgraphlc descrlptlon of the type 20a,b), These are comparable with also reddish, silty clays known as

sections (Kuhjoch and Ochsentaljoch) Schattwald Beds in thlgéau nappe in the north between Schattwald
and Pfronten (Allgdu mountains, type region of the Schattwald Beds).
a) Kuhjoch Sections with Schattwald Beds of thiégéu nappe were also studied

at Aschau, Chiemsee (Bavaria) and Restental, Uppestria

On the south to north orientated crest of Kuhjoch, a steeply dipping(Golebiowski, 1990) as also the Lechtal nappe (e.g. Peischelspitze
continuous sequence of more or less overturned Rhaetian (Késsesouth of Lechtal valley) and western N@&g. Loruns)orarlbeg;
Fm.) to Upper Jurassic sediments (Ruhpolding Radiolarite Fm.) isMcRoberts et al., 1997). Grey intercalations characterize the transition
exposed (Schitz, 1974), perpendicular to the crest and bedding strikéo the overlying main part of tAiéefengraben Membget 9.5 m thick.
A narrow topographic depression, visible both on the maps and inAmmonite level (2) wittP. spelae tiolicumis located 3.2 m above
the field (Figs. 4, 5, 8), corresponds to the documented secfimms.  the Schattwald Beds, ammonite level (3a) Withx gr P. tilmanni2
first samplings (2005 to 2009) were mainly carried out on the westernm higher than (2) and ammonite level (4) wittcf. pacificum4 m
side of the Kuhjoch pass (Fig. 8; section 1A-Ehe first higher up in the section than (3a) (Hillebrandt and Krystyn, 2009).
micropalaeontological samples from the transition of the Biber Approx. 8 m above the Schattwald Beds the marls become more
Member to the Schattwald Beds afidfengraben Member (section  silty and from 10 m upwards also finely arenificfirst arenitic bed
1D) were taken some meters downslope sectionThE.samples (15 to 20 cm thick) occurs at aroundl th above the Schattwald
studied by Bonis et al. (2009) for palynology come from section 1D. Beds.The remaining part of th&iefengraben Membemwith the
A small local fault in the uppermost part of the Schattwald Beds of transition to the BreitenbgrMember (“Liasbasiskalk” of Ulrich,
section 1E results in a short sedimentary hiatus as is evident by 4960), is not well exposed. naturally well exposed outcrop of this
sharp shift in the C-isotope curve and the lack of a pollen assemblagpart of the section is found at Ochsentaljoch (750 m west of Kuhjoch;
zone (Bonis et al, 2009; Ruhl et al., 2009) (Figs. 19, 23,Th®. see below).
natural outcrop Kuhjoch East section (Fig. 8; 2A-D and E; Fig. 9), The exposed part of the Breitenppdvib. consists at Kuhjoch
20 m eastward from KuhjodWest, was enlgied in 2010 and 201 West and East (Fig. 8: 1A, 2A; 10) of grey thin-bedded limestones
by an excavator (transported by helicopter) to the lower and middlewith thin black hard marl layers and a top bed (10 to 15 cm) that
part of theTiefengraben MembeBection 2D ends with a fault against  contains, in the middle and upper part, a condensed fauna of the
the Kdssen Formation. Section 2E shows an undisturbed transitiorCalliphyllum Zone, including a hardground layer rich in ammonites
from the Eibeg Member to th&iefengaben Member and no fault at partly preserved as limonitic steinkerAsKuhjoch and several other
the top of the Schattwald Bedshe level withP. spelae tiolicumis sections of the southern and northern flank of the Karwendel Syncline,
found 6.30 m above the uppermost Kdssen Formati@e ). This the next two or three limestone beds contain condensed succession
means that KuhjocWest (Fig. 8; section 1 E) lacks approx. 0.5 m of of ammonites of Middle and Late Hettangian age (Kment, 2000;
upper Schattwald Beds. It is filifult to prove if the fault at Kuhjoch  Hillebrandt and Kment, 2009, 20)LAt Kuhjoch, there follows above
West (uppermost part of Schattwald Beds) is the same fault athe calliphyllum horizon a greysparry limestone (8 cm thick), a

Kuhjoch East (basis of the Schattwald Beds). brownish, micritic limestone bed (10 cm thick), an ochre colored,
micritic limestone with gray limestone clasts aisatitescf. liasicus
Kuhjoch \Vést of Middle Hettangian age (= Enzesfeld limestone) (8 cm thick) and a

brownish, sparitic limestone (15 cm thick) with a limonitic crust at

The KuhjochNest section starts 3.8 m below the top of the Késsen the top and\Ipinoceras hauerfMarmoreum Zone) of Late Hettangian
Formation/Eibeg Member with a package of well bedded and variably age. On the western slope of Kuhjoch, the limonitic crust of this bed
thick (up to 50 cm) bedded grey bioturbated limestones (bioclasticyielded Middle Hettangian ammonitéd€gastomoceras megastoma
wackestones) overlying 5 m of black marls with pyrite nodules andand Alsatites poarieg. On the eastern slope, a loose block of the
rare thin (5-10 cm) limy mudstone intercalations (Fig. The 20 Enzesfeld limestone (10 cm thick) contained Middle Hettangian
cm thick topmost bed (FBed in Fig. 20a,b) of the EibgMember ammonites (e.gMegastomoceras megastoraad Sorthoceras
differs by darker colour and platy weathering. Due to an increasedrigga). Nodular limestones of thdnet Formation of Sinemurian
clay content it is softer than the pure limestones below and thinlyage follow above.
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Figure 10. First and last occurrences of biostratigraphically impant fossils from the Tiassic-Jurassic GSSPKuhjoch West).

Kuhjoch East presentThe following yellowish marls are strongly weathered and
pass into the Schattwald Beds partial section 2 D (Fig. 8: 2D the
Only the uppermost beds of the Késsen Formation crod bat. Schattwald Beds are faulted against a limestone bed of the uppermost
band of well-bedded and variably thick (up to 50 cm) greturbated Kdssen Formation (right part with “fault” on Fig. 9he Schattwald
limestones yieldehoristoceras The transition from the Eibgr Beds are 2.8 m thick and pass into Thiefengraben MembeAn
Member to théliefengraben Member is only complete at the partial inner whorl of the firsP. spelae tiolicumwas found 3.2 m and poorly
section 2E (Fig. 8) [left part with E.M. (EilgeMember) on Fig. 9] preserved fragments and specimens 3.6 to 3.7 m above the Schattwald
where theT-Bed (as originally defined) with its bituminous top is BedsA fragment with inner nodes of Pgikeras tilmanngroup was
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found 4.7 m and shell fragments with suture linesRsil@cerasin Schoene et al., 2010). Injection of methane to the atmosphere (Ruhl
samples 6.2 and 8.4 m above the Schattwald Béssmarls of the and Kurschner2011; Ruhl et al., 201) has also been inferred, but
Tiefengraben Member are usually more strongly weathered than thoskas been challenged by Lindstrom et al. (20@&2)atever the cause,
from KuhjochWest.Aragonitic shells and in part also calcitic shells the subsequent longer lasting greenhoufeeteled to further biotic

tend to be dissolvedReinholdellan.sp. in some samples is very decimation (McElwain et al., 1999\ phase of slow regeneration
frequent in the upper part (Fig. 1&)first arenitic bed (15to 20 cm  followed during which mainly newethyan faunal elements
thick) occurs at 12 m above the Schattwald Beds followed by a seconimmigrated to the EibgrBasin.

one 50 cm above the first arenitic b&He outcrop ends in the arenitic A broad spectrum of marine invertebrate groups is recorded,
interlayers of th@iefengraben Member due to a meter thick moraine although brachiopods are rare. Macrofossils (Figl411.6) are
that covers the interval to the Breiterdp&tember represented by biostratigraphically (ammonites) as well as
palaeoecologically important groups (bivalves, echinoderms).
b) Ochsentaljoch Microfossils (Figs. 1.7-11.11, 12, 13) constitute a major part of the

calcareous biomass except for the Schattwald Beds where only a

Better exposures of the upper half of Thefengraben Member  depauperate foraminifer record is present. Ostracods (Fig. 15) are
have been found at Ochsentaljosimountain trail crosses the steeply usually less frequent than foraminifers. Calcareous nannofossils (Figs.
dipping sequence, which starts with the same grey marls as at Kuhjoct.6, 17) are present in many samples, though they are unfortunately
An exact correlation with the latter is possible by the presence ofvery rare and extremely small. Most samples were rich in well
ammonite level (4) 4 m above the base of the measured section. Highgreserved palynomorphs (Figs. 23-26), which have a palynomorph
up in the section follow sandy marls (1.5 m) with rare thin arenitic colour of 1-2 on the thermal alteration scal&$) of Batten (2002).
layers (at Kuhjoch too weathered and therefore not identified) and afThe microfloral record across thgiassic-Jurassic boundary is
the top a thicker arenitic bed (20 cm) that matches the first areniticcharacterized by significant quantitative changes in the terrestrial and
bed of the Kuhjoch section¥he following 2 m are composed of marine components of the assemblages with a few notable
marls, with some silty arenitic beds up to 15 cm thick, overlain by a palynostratigraphic events, which are very similar to those described
fine-grained limestone bed (20 cm) with bivalves and brachiopods afrom theTiefengraben section in the eastern part of the giBasin
the base. Greyartly silty marls continue for another 4.3 m with 2 (Kirschner et al., 2007).
marly limestone beds (each 15-20 cm) at 0.9 m and 3.3 m above the
bed with bivalves and brachiopodBhe Breitenbey Member 1. Macrofossils
starts with a pure limestone bed (15 cm) overlain by dark grey marls
(0.3 m) that are followed by thin harq ir_1tercalations of marlstone_s a) Ammonitescf. Hillebrandt and Krystyn, 2009) (Figs. 1@, 1
between wavy bedded, grey bioclastic limestones (2 m). No fossnszz)
have been collected in the overlyi@glliphyllumbed and the Middle
to Late Hettangian condensed layers, which are identified by = Low ammonite diversitysporadic occurrence of determinable
lithological afinity with the Kuhjoch counterparts. Platy to nodular specimens and restriction to certain levels are characteristics of the
red limestones of th&dnet Formation (4.5 m) form the top of the sections, though shell fragments were frequently found in samples
section up to the cherty limestones of the Late Sinemurianfor micropalaeontological studies (Figs. 12, Td)e limestones of

Scheibelbag Formation. the upper Eiber Member contain relatively common fragments of
Choristocerasbut the last pure limestone bed shows only cross-
Palaeontology of the KUthCh and sections of unextractable specimens. Rare, compressed and flattened
. ) Choristoceras marshiFig. 11.6) are found in the uppermost part of
Ochsentaljoch Sections the T-Bed, representing the last occurrence not only of the genus

Choristoceradut of Triassic ammonoids and conodonts at all in the
The palaeontological record at Kuhjoch is clearly marked by the section. Choristoceratids are the only common cephalopods in the
end-Triassic mass-extinction coincident with the top of the Késsen Eiberg MemberThe reported presence of another grdrpaetites,
Formation (top ofl-Bed) (Kurschner et al., 2007; Hillebrandt and a gigantogaleat arcestid) in tieBed of the MdsereAlm near
Kment, 201; McRoberts et al., 2012Jhe top of thel-Bed records Steinplatte (Békenschmidt and Zankl, 2005) is thus an extremely rare
the onset of the main extinction pul$ae lowermost 0.3 meter (Fig.  and sensational exception.
20a, b) (0.4 m at Schlossgraben section) ofTibéengraben Mb., Ammonite level (2), located from 5.8-6.2 m above eat the
called Grenzmeyel s. str(Hillebrandt and Kment, 2@] or initial Kuhjoch West section, contains mostly flattened and small (rarely
phase of extinction (McRoberts et al., 2012), records opportunistic > 2 cm) specimens, which are easily visible due to their white
species of bivalves and further levels of foraminifer and ostracodaragonitic shell. Rare, originally pyritic and now mostly limonitized,
extinctions.The Schattwald Beds yield almost no micro- or undeformed phragmocone specimens allow an exact illustration of
macrofossils and represent the peak phase of extinction (McRobertthe cross-section and the suture lifibe specimens belong to an
et al., 2012). involute species oPsiloceraswith predominating psiloceratid
The extinction (e.g. Hallam amdignall, 1999; Hautmann, 2004) characters (mainly inner whorls with well developed
affected similarly the terrestrial fauna and flora (McElwain et al., “Knétchenstadium”).The suture line with a lituid internal lobe is
1999, 2009; van de Schootbrugge et al., 20iteside et al., 2007).  evolutionarily still related tdriassic phylloceratids. Othdiriassic
The CentraAtlantic Magmatic Province (CAMP) is the most often phylloceratid features are the high ovate whorl section with well
cited cause for this extinction (e.g. Palfy et al., 2000, Marzoli et al., developed umbilical wall and similar growth lines.
2004, Payne and Kump, 2007; van de Schootbrugge et al., 2009; TheAlpine specimens were originally determinedPas. spelae
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Figure 11. Important guide fossils from the flassic-Jurassic boundary of GSSRuhjoch. 1-3:Psiloceras spelae twlicum Hillebrandt and
Krystyn, 1a,b, 2: Kuhjoch, 3: Hochalplgraben; #gerchlamyssp., Hochalplgraben; SAstarte sp., Kuhjoch spelaehorizon; 6: Choristoceras
marshi Hauer, Kuhjoch, top T bed; 7a,b,dPraegubkinella turgescens-uchs, Kuhjoch,spelaehorizon; 8: Reinholdellasp., Kuhjoch, cf.
pacificum horizon; 9: Cytherelloidea buisensifonzr, Iv, Kuhjoch, spelaehorizon; 10: Eucytherura sagitta Swit, rv, Hochalplgraben, cf.
pacificum horizon; 11: Eucytherura n.sp., lv Kuhjoch, latest Rhaetian. rv = right valve, Iv = tefalve.
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(Fig. 8 in Hillebrandt et al., 2007), because only one specimen washeight 16 mm, whorl width 10 mm) ofRsiloceraswith a smooth
figured from Nevada, which does not show all the characters presenvody chamberRsilocerassp.A in Hillebrandt and Krystyn, 2009,

in P. spelaefrom theAlps. Moreovey the variability of theAlpine figs. 5, 11.6a,b) which probably belongs to tie erugatum/
species was not well knowA.later published specimen Bfspelae minillaensisgroup.

from Nevada shows the end of the body chamber with a sculpture In ammonite level 4b (Rissbach section across HinterriR)

comparable with that iR. spelaefrom theAlps. In the meantim@. Psilocerascf. planorbisand a new species Bfiloceras(possibly
spelagrom Nevada and th&lps could be compared directly Guex related toPsilocerasspelae) were found in a limestone bed at the
and the first author (as well as Boos, Suttgart) concluded thd boundary between th&efengraben Member and the Breiterger
spelaefrom Nevadaand from theAlps belong to the same species Member

but can be distinguished as regional subspeBigifoceras spelae Ammonite level (5), rich in ammonites in the Kuhjoch section,
spelaeand Psiloceras spelagirolicum (Figs. 1.1-3). The two follows 12 m above level (4) near the top of the Kendlbach Formation.
subspecies are closely related phylogenetically and in fimey A single limestone bed here containsgkarsizedPsiloceras

characterize the ammonite biohorizo®Pd$pelaewhich is the earliest  calliphyllum, P. costosumand P. naumanni(Fig. 10).The level is

ammonite biohorizon of Jurassic aspéctetailed description on  condensed, containing species of at least 2 ammonite horizons of the

the basis of more than 100 specimens is found in Hillebrandt andCalliphyllum Zone.

Krystyn (2009)The new subspecies has a nodose stage very similar  Ammonite level (6) is a limestone bed (18 to 20 cm thick), with

to that of P. spelae spelaeP. spelae spelabas more sculptural  rare ammonites in the Kuhjoch section, contailsstitescf. liasicus

elements (nodes) per whorl (12) tHarspelae tiolicum (7 to 8) and Megastomoceras megastoraadSorthoceras friggaof the Middle

the sculpture with elongated nodes persists up to an umbilical diametarettangian Megastoma Zone (Hillebrandt and Kment1201

of 3.5 mm (2.0 to 2.4 mm iR spelae tiolicum). The original whorl Ammonite level (7) is in a limestone bed (20 cm thick) and the

section ofP. spelae spelaés insuficiently known, so an original uppermost bed of the Breitengevember in the Kuhjoch section. It

subtriangular whorl section cannot be excludétk suture line, the  contains rare ammonite&lpinoceras hauerdf the Late Hettangian

beginning of the nodose stage and the innermost whadlsspelae Marmorea Zone (Hillebrandt and Kment, 201

spelaeare also unknownThe diferences between both subspecies

are probably caused by palaeobiogeographic separation. Korte ang) Bivalves(written by C. McRoberts) (Figs1113)

Kozur (2011) postulate a 100 ky younger agePospelae tiolicum

againstP. spelae spelabom Nevada on the basis of an extremely Bivalves occur throughout the GSSP interval at Kuhjoch and

fine-tuned C-isotope correlation between NYC (Néawk Canyon) nearby sections at Ochsentaljoch. From Kuhjoch west, the uppermost

and Kuhjoch. In our opinion, this implied accuracy and correlation Kdssen carbonates of the Eigevlember (below th&-Bed sensu

are not justified. Co-occurrencePfspelae spelaandP. cf. tilmanni McRoberts et al., 2012) yielded the typicallyiassic bivalves

in Nevada more likely points to the opposite, i.e. a slightly younger Cassianellasp. andLyriochlamys valoniensi§-he T-Bed itself and

age of the Nevadan occurrence bec#&use tiimanniappearsinthe  the lower centimetres of th€iefengraben Membecontain

NCA aboveP. spelae tiolicum. Agerchlamys textoriand rardPseudolimeaf. hettangiensishat are
Anaptychi ofP. spelae tiolicumand a fragment ofogaticeras concentrated in the bituminous layer at the top offtBed. Tens of

cf. goisernensé€Hillebrandt and Krystyn, 2009, fig. 10.16) are also centimetres above tfeBed and into the lowdriefengraben Member

known.A small specimen (diameter 1 cm) (Kuhjdfest section) of occursCardinia hybrida.The grey marls of thEiefengraben Member

a phylloceratid was found in 2008 byte$an Grabenstein  also provide at diérent levels small nuculids and feifent species

(Bodelshausen, Germanys the specimen is more involute than of Cardinia: C. cf. listeri andAstarte sp. (Fig. 1.5) were found in

Triassic phylloceratids and the cross section and involution is similarammonite level (2) an@ardinia cf. ingens7.45 m above th€& Bed.

to that of P. chilensefrom the Hettangian of Southmerica it is The residues of washed microfossil samples often contain juvenile

determined a®hyllocerascf. chilense Similar specimens are also specimens (mostly steinkerns) or fragments of bivalves, mostly

recently found in thepelaehorizon of the Zlambach area. pectinids and nuculids (Figs. 12, 13). Higher in the sequence, the
Ammonites from level (3a) (KuhjocWest section) have been firstlimestone bed, 4 m above ammonite level (4) in the Ochsentaljoch

detected in the residue of a washed sample containing 20 limoniticsection, yieldedModiolus Liostrea and additional examples of

casts of inner whorls (< 1.7 mm), One compressed specimen (3 mmAgeichlamys(Fig. 11.4).

and a whorl fragment (Wh 2.5 mm) with suture lines can be placed

within the P. tilmanni group (Hillebrandt and Krystyn, 2009, figs. C) Gastopods and Scaphopod&tten byA.v. Hillebrandt)

13.1-4).A similar level (3b) was found in the Ochsentaljoch section

3.5 m below ammonite level (4) (Figs. 9, 10). Tiny and juvenile gastropods (mainly steinkerns) were often found
Ammonite level (4), located 4 m above level (3a) and 6 m abovein the residue of washed samples for microfossils (Figs. 12, 13), but

ammonite level (2), has yielded several shell fragments and one poorlgeterminable specimens are very rare. Fragments of scaphopods

preserved specimen in the Kuhjoch section. Four specimens from thappear in the residue of some samples.

Hochalplgraben section are illustrated in Hillebrandt and Krystyn

(2009) (figs. 10.1-14).Two tiny juveniles and two Iger forms (up  d) Brachiopodswritten byA. Tomasovych)

to 15 mm in diameter) with relatively wide umbilicus are determined

asPsilocerascf. pacificum a species described from Nevada (North A last Triassic brachiopod, the giant spirifer@xycolpella

America) (Guex, 1995) and also found in Peru (Sdutierica) oxycolpos occurs in the bed below as well within theBed.

(Hillebrandt, 2000a). Brachiopods are rare in the lower part of Tiefengraben Member
Ammonite level 4a (Hochalplgraben) yielded a fragment (whorl and restricted to a few beds.layer with compressed multicostate
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rhynchonellids occurs in the lower part of the Schattwald Beds of theNCA coincides with the onset of the BreitengeMember
Kuhjoch sectionAlthough these specimens are the stratigraphically (Tomasovych and Siblik, 2007letrarhynchia inopinataepresents
earliest (after the las€Choristocera¥ rhynchonelliformean the earliest and endemic species of the g&atrarhynchiag which
brachiopods found in the Eastern NCA, their taxonomic relation iswas a common member of benthic communities in the Early and
uncertain owing to their poor preservation. Middle Jurassic. Rhaetian tetrarhynchiids do not occur in the western
The biomicritic limestone bead the Ochsentaljoch section, about Tethys, and ancestors @étrarhynchia inopinatathus probably
4 m above the level witRsilocerascf. pacificumin the upper part of ~ migrated into the westefirethys from adjacent biogeographic regions.
the Tiefengraben Membercontains well-preserved rhynchonellids The specimens sampled in the Ochsentaljoch section attain 10-16
of the exclusively Hettangian speciegrarhynchia inopinatgSiblik, mm in length, 10-18 mm in width, and 6-14 mm in thickness.
1999).This species is also abundant in the Breitegihember of Dorsobiconvex shells possess incipient planareas, suberect/erect beak,
the Hochleitengraben section (type locaiplik, 1999Toméasovych relatively sharp beak ridges, hypothyrid/submesothyrid foramen,
and Siblik, 2007). It probably preferred low-emehabitats below  relatively thick deltidial plates, and 8-12 relatively rounded costae
storm wave base, and was able to tolerate some input of terrigenousat reach to the umbo in both valves and do not show any bifurcation.
supply Tetrarhynchia inopinatas thus the first rhynchonelliformean  The anterior main is rounded, but rarely flattened. Smaller angdar
brachiopod that colonized sea-floors during deposition of the specimens diér highly in shell shape and convexity because shell
Tiefengraben Member after thie] boundary because an increase in width and thickness increase in size more rapidly than shell length.
abundance and diversity of Hettangian brachiopods in the Easterinternal structures of two sectioned specimens show internal shell
thickenings in the umbonal parts of the dorsal valve,

@ very frequent Mollusa _ |ehinad Foraminifera = mats | presence of massive median septum connected with
® frequent ” é 2 hinge plates, and enclose a markedly pronounced
® common é 8 g g % notothyrial cavity
- rare 2 = § § 8 o sla The smooth-shelled terebratulidbothyris delta
- veryrare 2 ;é j:,: & .18/5/3 3 _“g o3 s ) is found in the lower part of the Breitengeviember
X present Sis|e|e|23|8|5/3|5/8/8|8 |%| and is frequent in one limestone bed of the
Kuhjoch IEIEEEEER R R 3| Schlossgraben sectiorLobothyris became a
=| = R N numerically dominant brachiopod in carbonate-rich
o ®
s environments of the Eastern NCA during the deposition
':;? of the Breitenbeg Member and its appearance marks
] the onset of recovery phase of brachiopod distribution
patterns to pre-extinction levels (Siblik, 1993;
20m el X1 X1 Tomasovych and Siblik, 2007). Members of this genus
I also form Hettangian shell beds in palaeobio-
T d ® geographicallyadjacent regions of th@/estern
Carpathians (@méasovych, 2008)
c |5 N I ® - L e XX
~§ El wom I ole -le el e) Echinodermgwritten by M. Simms and in
= 5 e AL ] : part byA.v. Hillebrandt)
5|8 . SRS MER =a§§ UV . .
%‘ ‘g 33 § . ! 3|z :' : : ! § Q Crinoid ossnclgs occur in the washed re5|dye .of
E E EIBEESt JNEIE - 2 X many samples (Flgg. 12, 13); fragments Qf echln.0|ds
clelel@lele .z ek are less frequent (Figs. 12, 13). Holothurian ossicles
1om ol ® - : ® : . P are found in some samples as well as crinoid ossicles,
el ltle -l [Tle which can be very frequent (Figs. 12, #8)L cm thick
calel=lsi:icie ol® !ayer in the upper part of ammonite level (2) con_tains
-4 DAY D B Rl I D ol S in the Hochalplgraben section nearly exclusively
L ® | - e | o e ol @ o : : . .
_Jl__ es/g: § zlele t3: ' crinoids. Connected (up to l_cm) columnals of crinoids
sm ® o] o> el ol are also frequent at ammonite level (2) vitlspelae
P el Bt - s P-4 el tirolicum of Kuhjoch East section (GSSP).
*®e - |® i -d Most ossicles are from the cirri with a few hooked
i g e o ® - terminal cirral ossicles determined so far as isocrinid.
Schatt| wald | ) The bulk of the material comprises mainly columnals
: E i and a few brachials of isocrinids. Eifent types of
15 o ° b it columnals (nodals, internodals and infranodals) are
S % found. From the relative abundances of nodal versus
E E@ internodal and infranodal columnals it is estimated that
2 ‘g the number of columnals per noditaxes averages about
< |u 6 or 7, although the longest pluricolumnal recovered

Figure 12. Occurrences and relative abundances of Microfossils from Kuhjoctnas just 5 columnalédn apparently identical isocrinoid
West section. is found in the Larne section in Northern Ireland,
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@ very frequent e rare weathered marls of this section mostly contain better
@ frequent - very rare é preserved foraminifers than those from Kuhjoch East.
@ common X present £ Black and grey marls 2.5 and 1 m below the uppermost
: Ochsentaljoch 2lale E| |z|.| bedsofKdssenlimestones (Kuhjoch East)yielded only
bse‘fg_‘a;;_ om £ 582 3 g 2|2 | small sized Trochammina Ammodiscusand
g 2 % 2|8, g § i§ gl s i 3| polymorphinids (limonitic castsh weathered sample
s e £ g % % % %'é g 8 g é % g | ¢ (thjoch East) from the basfa_ll part QfIﬁBed con_t.ains
§ g = Slelelz|z2|8|s &|&|2/8|8|&] a d_lverse fguna_of Nodosar!ldae W!th ﬂégxtularnna.
< E This fauna is typically Rhaetiafihe diversity decreases
in the upper part of thEBed towards the endrigssic
=1 *" mass extinction (see also Hillebrandt and Kment1 201
g Fig. 2). The beds between thp-Késsen and the
g ® e e - | ®| x| x| Schattwald Beds are characterized by small, mostly
] - - compressed, coarsely agglutinafedchamminaand
an impoverished fauna of nodosariids often
20m ° ® . ®1®1 X1 | characterized by a lge species oMarginulinopsis
: - : (KuhjochWest).
- ® o oo oo x| x Hl.ppocre.pme.l(a finely agglutinated 5|_I|ceous
® - =2 - - - foraminifer with simply constructed test) dominates the
_ ® ® - - : g Schattwald Beds of the EibgrBasin and is
§ 2 ® el - @ el e e| | x| x| accompanied by compress&tbchamminaand an
g é m impoverished fauna of nodosariids (especially
b+ s .. ® X Marginulinopsig. The predominance éfippocrepina
?g ‘§ - « | points to unfavourable ecologic conditions during
f?; g - - ; REIE IR 2 “Schattwald time” (~ 100 kyr) amongst others
< |8 -« ere unsuitable for the segregation of calcitic test due to a
om ® bl ® CaCqQ, precipitation crisis as proposed by McRoberts
sl @ |~ ® - @ et al. (2012).Hippocrepina and compressed
e @ ol @ - @ ® ®| X Trochamminastill dominate the first grey marl with
® - ® - e - - thin red layers at the transition from the Schattwald
.| e ® - e | ® Beds to theTiefengraben Member s.swf Kuhjoch
East.
5m LargeAmmobaculitegspecies similar to that of the
Figure 13. Occurrences and relative abundances of Microfossils from Octafath KOssen Fm.) are common to frequentin many samples
section. of the marls above the Schattwald Beds.

Compressedirochamminand tiny uncompressettochammina
2.5 m below the firsPsiloceras erugaturtfirst Psilocerasin Great are dominant in the lower part of the grey marls above the Schattwald
Britain). Columnal morphology and the number of columnals per Beds.Ammodiscusind Glomospiraare rare and in some samples
noditaxis for both the Kuhjoch and Larne material corresponds closelysmall, attachedmmodiscidae are common.

to Isocrinus angulatugOppel). This species in the UK appears to Small Nodosariidae and Polymorphinidae are mostly rare in the
range from the Pre-Planorbis Beds into at least the lower part of théower part of theTiefengraben MembefPolymorphinidae more
Angulara Zone. frequent than Nodosariidae, while the latter become more frequent
Spines of echinids can be frequent in the uppermost part of thdrom ammonite level (2) upwardé/ell preserved, limonitic casts of
Tiefengraben Member Polymorphinidae are found in weathered samples of Kuhjoch East.
Lenticulinacan be the dominating nodosariid genus in the upper part
2. Microfossils of theTiefengraben MembeRobertinina are represented by 3 genera

(Figs. 12-14):Obethauseella mostly is commonPraegubkinella

50 microfossil samples have been studied from the Kuhjoch(Fig. 11.7) may be common in the intervals around the ammonite
West section, 30 from the Kuhjoch East section and 21 from thehorizons; andReinholdella(Fig. 11.8) is very frequent in the middle
Ochsentaljoch section, with various fossil groups represented part of theTiefengraben MembeFhe specimens are usually preserved
Ossicles of Echinodermata are often more frequent than othemith aragonitic shellA characteristic increase in size and evolution
microfossils (Figs. 12, 13), foraminifers usually outnumber ostracods.takes place fronObehauseella (diameter ~ 0.06 to 0.12 mm) to
Small appendices of crustaceans can be common in some sampl&aegubkinella(~ 0.15 to 0.2 mm) anBeinholdella(~ 0.2 to 0.3
(Figs. 12, 13). Radiolaria are extremely rare. mm) (Hillebrandt, 2008).

a) Foraminifers written byA.v. Hillebrandt) (Figs. 12-14) (2) Ochsentaljoch sectigAg. 13)
(1) KUhJOCh sectiongig. 12) Ammobaculitess common to frequent in most samples but
Most observations were made at section Kuhjelst.The less disappears in the uppermost samplekmospiraand attached
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§ from adjacent localities of the Karwendel

5 Mountains are summarize@he earlier work

T (Hillebrandt and Urlichs, 2008) is now updated

3 based on additional material. From the

S uppermost EiberMember to th&iefengraben
E o & Member (Late Rhaetian-Early Hettangian),
8 g c three diferent groups of ostracods are distin-
2 N N guishable by their stratigraphic ranges (Fig. 15):
:‘S c E’ 1. The dark marls 3.8-4.0 m below the top
£ 5 & of the Eibeg Member (late Marshi Zone)
> g g contain at Kuhjoch a high-diverse Rhaetian
ctu == ostracod fauna comprising 30 species (Fig. 15:
w & species restricted to the Rhaetian are marked in

s red). The following rare species are missing

% above this layeCitrella? ampelsbachensis,.C

P bairdiiformis, Monoceratin@ lobitzeri, and

7:;_ Triebacythee lofeensis.Other species range

(%)

somewhat higher up within the Eilgdvlember:
Bairdia subsymmetricaBairdia sp. A,
Cytheelloidea plana, Eucythera norica,
Kerocythee mostleri(at Schlossgraben),
Nodobaidia reticulata, Parariscugpygmaeus,
and Triebacythee ampelsbachensigurther
speciesBairdiacypris sp. B, Signohealdia
robusta, 8 rotunda, and Tuberoceratina
fortenodosaontinue at Kuhjoch to the base of
the T-Bed, Kerocythee hatmanni
Nodobaidia alpina and at Schlossgrabéh
dentataThe earlier disappearance of some taxa
at Kuhjoch may be caused by unfavorable
preservation conditions, because merely low-
diverse faunas consisting of preferably thickly
shelled, and corroded ostracods occur there in
thin marl bedsAdditional species persist at
Schlossgraben even to the upper part offithe
Bed: Dicerobairdia ornata Lobobaidia

(50 ym] triassica Ogmoconchella serratostriatand
Oberhauserella cf. quadrilobata Oberhauserella alta Pseuodomaarcypris sp.A. Together with
Choristocerasmarshi(= ammonite horizon 1
in Fig. 15), merelyOgmoconcha trigonia
Ogmoconchella bristolensis, O. martirdnd
Torohealida amphicrasseontinue into the thin,
black layer at the top of th@&-Bed at
Schlossgrabeithe bulk of the Rhaetian species

Latest Rhaetian
(without ammonites)

60 p|
Oberhauserella cf. quadrilobata Oberhauserella alta

Figure 14. Sratigraphy and Evolution of Robertinina, in the western Karwendel Syncliffi§@Ppeared from the bottom to the top of the
; -Bed. Consequentlythe end-Tiassic mass
(Hillebrandt 2010). T-Bed. C tiyth d-Ti

extinction took place within this beflitogether
Ammodiscidae occur in some sampl&®chamminas restricted to 27 of 45 Rhaetian species (= 60% of the Rhaetian ostracod species)
the lowest samples. Nodosariidae and Polymorphinidae are very rareecorded from outcrops of the Karwendel Mountains disappeared,
to frequent in the lower and middle part of the section. and the ostracod fauna of the uppermost Rhaetian becomes poor and
Polymorphinidae can be more frequent than Nodosariidae in the loweexhibits low diversity above th&Bed and below the Schattwald
part.Lenticulinais the most frequent nodosariid genus in the upper Beds. OnlyEucytherura schulzandOgmoconchella bristolensieve
part, mostly together withingulina teneraReinholdellas common been recorded from this interva@he overlying Schattwald Beds are

to frequent in many samples and disappears flikenobaculitesi barren in ostracods, because they were obviously deposited in an
the upper samples. environment, which is not normal marisehigh CQ,content in the

sea water probably hindered the precipitation of CJ®0Roberts
b) Ostracodsgwritten by M. Urlichs) (Fig. 15) etal, 2012).

2. The second group (marked in black in Fig. 15) consists of
The occurrences of ostracods from the GB8RjochWest and ostracod taxa, which occur already in the late Marshi Zone and
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reappear either above the Schattwald Beds in the latest Rhaetian ohe genusMisikella (individual numbers in bracketsM.
somewhat later within thEImanni Zone (earliest Hettangian). Many posthernstein{26), M. ultima (2), Zieglericonus lmaeticus(2), and
of them cease at Kuhjoch in this zo@gtheopteron n. sp., Neohindeodellap. (4). Of these formb). ultimais the name bearer
Eucytherura austriaca, Eu. schulzi, Judahella galli, Ogmoconchella of the topmosfriassic conodont zone as found in Hungary (Kozur
elongataand at HochalplgrabeBucytheura sagitta(Fig. 11.10), and Mock, 1991; Palfy et al., 200Tyrkey (Gallet et al., 2007) and
Lutkevichinella haionae andProcytheura nannodesOther species  Austria. Kozur and Mock (1991) distinguished aboveultismazone
continue into younger zones, at least into the Calliphyllum Zone: another short conodont intervaléohindeodella deti zone), which
Cardobaidia exaequataCeratobaidia triassica, Cythezlloidea eventually could correspond to the topmddBed of the Kdssen
buisensis(Fig. 11.9), C. circumscripta, C. valida, Fabalicypris = Formation in KuhjochThis bed seems due to its high marl and silt
triassica, Isobythocypris tatei, Ogmoconchella bristolensis, content unsuitable for conodonts and has not been investigated.
Paracypris edcaensis, Polycope cincinngtandPolycopesp. large sample (8 kg) from a more calcareous counterpdrBeid on

3. The third group consists of strictly Jurassic ostracod taxathe Seinplatte slope (irol) has produced a tremendous amount of
(marked green in Fig. 15\t Kuhjoch, the earliest Jurassic species insoluble residue but no conodonts.
occur in theTiefengraben Member 1.0-2.4 m below the first
occurrence oPsiloceras spelae dficum (= ammonite horizon 2in - d) Calcareous Nannofossi{@ritten by PBown)(Figs. 16,
Fig. 15 = base of th&ilmanni Zone):Cytheerlla drexlerae, 17)
Eucytheura n. sp. (Fig. 1.11), Nanacythee elongata,
Paradoxostoma fusiformandPseudomaarcypris subtriangularis. Twenty-one samples were examined from the Kuhjoch section
Other Jurassic species appear for the first time togethePsiititeras and all but four were nannofossiliferolifie nannofossil assemblages
spelae tiolicum: Bairdia molesta Fabalicypris praelonga

2
Ogmoconchella aspinatg O. ellipsoidey, andO. telata Further oy abundancs: A>10/eld of view § =gl :g
Jurassic species ergerat the Hochalplgraben in the horizon with ¢ 110770V P 1/2-10 FOV, R 1/11-100 FOV, HEHEEEE
Psilocerasex gt P. tilmanni (= ammonite horizon 3 in Fig. 15):  Total nanncfossil assemblage abundance: 5§25 SEEE
Nanacythee paracostataand Cytheella flacheensis Additional > 10%, F01-1%, R <0,1%, VB virtually NHEL e
species appear together wisilocerasct. pacificum(= ammonite e losey Preservation: G good, Mmode- | § | o §§ 5|8 88815
horizon 4 in Fig. 15) for the first timkiasina lanceolatgat Kuhjoch), Kuhjoch e L EaRE g HEEE
Kinkelinella sp., Cytheella concentrica(at Hochalplgraben)and S n gl 3812185122128
above this horizorAcratia sp. B, Nodobaidia gracilis, and § A N N A e
Pustulobaidia sp.A. (at Hochalplgraben). g
In summary some rare ostracod species disappeared already
during the late Marshi Zone, and many Rhaetian ostracods becam —
extinct at the base of tAeBed, and a few species within or at the top 2om PMVEL 12)° e
of this bed.The ostracod fauna from thélmanni Zone (Early
Hettangian) of the Karwendel Mountains comprises Rhaetian Ve ! :
holdovers and Jurassic immigrangsre-elaboration of Rhaetian
ostracods during the Early Hettangian appears unjikeause some 5|8 s
species originally described from the Rhaetian occur also in the Middle g 51 sm B =
and Late Hettangian (e.g. Haflaéind Jager1994: Cytheelloidea S % ||
validafrom the Calliphyllum Zone an@eratobaidia triassicafrom 5|48 ] PMIVRE 121 J IR e
the Megastoma Zon€Jhe recovery of Jurassic ostracods took place ‘;2 g 4 IS D RIS
gradually within theTilmanni Zone, together with the subsequent | |&
appearances of the three ammonite species recorded above | om MR ik e
ammonite horizons 2-4 in Fig. 19)he bulk of the Jurassic ostracod M E TR I
species appeared somewhat below or togetheRsitbceras spelae MR RIFESIRIRI®
tirolicumand some others together withilocerasex gr P. tiimanni % M| R 3123|R 4
or later together witlPsilocerascf. pacificum
The significance of the stratigraphically important ostracod species 2 S I I ol R R I
is discussed in the biostratigraphy chapter " O I I I A N R
= [ R|2|R]2 5
¢) Conodontgwritten by L. Krystyn) ] Rl | F I
] ) ] Schatt | wald B o
Since the pioneering study of Mostler et al. (1978) conodonts are vl R - 1
known to occur widely in the Késsen Formation of the NThey s A mIRITIR 5
are more common in the calcareous basinal facies of thegEiber | §| € MIRLTEEE °
Member (Golebiowski, 1986) and have also been documented from E =
the uppermositriassic part of the Kendlbach section (Krystyn, 1980). é § =

In Kuhjoch, repeated dissolution (6 kg) of the last autochthonous
limestone layer (sample KJ-2) of the Késsen Formation has producedrigure 16. Sratigraphic range chart of calcareous nannofossils
a relatively numerous and diverse fauna dominated by specimens dfom Kuhjoch West.
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Y and Ricciisporites tuberulatus Marine palynomorphs such as
@ - dinoflagellate cystfkRhaetogonyaulaxhaeticaand Dapcodinium
% . % = g priscumand some acritarchs (eldicrohystridiun) are presenfThe
§ § § g § E : palynomorph assemblages from the topmost bed of the Kdssen
£ g % § g} ff, g 2 Formation (black shal_e of top-bed) arg characteri_zed by peak
sl §§ g 'i 31388 £ abundances of prasinophytes, particula@lymatiosphaera
§ = 8 553 212/12(2 g| 2 Z polypattita. The rather monotonous sporomorph assemblages from
2 g § § 2|4 é é é é 33 g) this interval are dominated b@. meyerianaand Porcellispora
Hochalplgraben |a|2|S|@|a|&|S|S|8|8|&|<|a longdonensis Sporomorph assemblages from the Schattwald
] o E = Beds are characterized by an increasePalypodiisporites
MR 2| FICIF IR 6 polymicioforatus Deltoidosporaspp. andCalamospora tenewhile
C. meyerianadeclines.Rhaetipollis germanicuslisappears in the
ol R ) ) 5 lower part of the Schattwald Beds, while pseudoalatu$as its
highest appearance at the top of the Schattwald Bégid.remains
in the Schattwald Beds are mainly representeBdiyyococcusand
M el BT 4 Tasmaniteswhile dinoflagellate cysts are rare a@Rldaetogonyaulax
rhaeticadisappears. Of biostratigraphic value is the lowest occurrence
) of Cerebropollenites thiegartii andIschyosporites variegatus
. immediately above the Schattwald Beds and ca. 3 m below the entry
o 4 level of P. spelaeFor further discussion of the palynological results
g M| F FIF|F|F|R 5 see paragraphs below
[}
s . . ._ ]
Sediment diagenesiguvitten byA.v. Hillebrandt, L.
g Krystyn, andW.M. Kirschner)
Keo)
© At the Kuhjoch sectiomo significant alteration is observable.
o Ammonites, bivalves, and aragonitic forams (in part hollow) are
i preserved with an aragonitic shdlhere are absolutely no signs of
® 4 M| F|2 R|c|F|F|R A 7 regional or local metamorphism of the rocks (Kuhjoch,
= 7 Hochalplgraben, Schlossgraben and alsefengraben and
M| F F C|R c 4 Kendlbach). From the preservation of palynomorphs, notably the
= colour, it is evident that this material was never heated above about
50°C (see also Kirschner et al., 2007). Conodonts also show a low
S, 2 M F RIRICICIRI Z) Al |7 CAl 1 value.
=
r— 1/1]| | F C|F| 1]|7e 10 .
;C:anwa‘d = oo " ° Geochemlstly (written by M. Ruhl,W.M. Kirschner and

L - S. Richoz)
Figure 17. Distribution of calcareous nannofossils from

Hochalplgraben section. Carbon isotopes of bulk sedimentarganic matter have been

studied by Ruhl et al. (2009) as well as carbon-isotopes of selected
are generally rare to frequent, of low diversity and poorly-moderately micrite and shells (this study). In addition, compound-specific C-
preservedThe lowermost samples (Fig. 16, 0-3.6 m) are dominated isotope measurements (n-alkanes) have been carried out (Ruhl et al.,
by Prinsiosphaera triassicaut the section probably lies above the 2011). A clay mineralogy/XRD stratigraphy has been published for
LO (last occurrence) oEoconusphaera zlambachengibe few the coeval Kendlbach section by Zajzon et al. (2012) and Palfy and
specimens seen are most likely reelaboratedhe boundary interval ~ Zajzon (2012). Clay mineralogy investigation at Kuhjoch itself
(~ 6 m) there is a switch in dominance frBntriassicato calcispheres  is going on, those of thet®ntium isotopes, Rare Earth Elements,
and Schizosphaeltla punctulata The FO (first occurrence) d. Ca/Mg are planned.
punctulatamay be coincident with the boundary lew&fe hope to

refine the position of these bio-events with further high-resolution 1 Carbon isotopes and organic carbon content
sampling and quantitative assemblage data. Both the PAriafssica (written byM. Ruhl andW.M. Kiirschner) (Figs. 18, 19, 20b, 21, 24)

and the FO ofS. punctulatanay be extremely useful boundary
indicators as they are common, robust and globally distributed species. 2'>13C0rg data (Fig. 24) have been documented from many sections

of the Northern Calcareo@dps (Restental, Hochalplgraben, Kuhjoch/
e) Palynomorphswritten byW.M. KiirschneyN.R. Bonis, Qchsentaljoch, Kendlbac_h, SchIos§grab@i@latte/Scheibelbgr
and M.A.N. Schobben) (Figs. 23-26) Tiefengraben) and are discussed in dgtqll by Ruhl et al. (2/&”)9)._
these records show very regularly the distinct initial isotope excursion
In general, pollen and spore assemblages from the Kdssemt the transition from the Késsen Formation to the Schattwald Beds.
Formation are dominated I}lassopollis meyerianandC. toosus Two sections were studied at Kuhjoch: Kuhj®hkst and Kuhjoch
accompanied b@valipollis pseudoalatyskhaetipollis germanicus  East.

September 2013



€°ou ‘9¢ |9 seposid3

Jurassic

Triassic

Kuhjoch/ Ochsentaljoch Hochalplgraben Kendlbachgraben Restentalgraben Schlossgraben Scheibelberg Kammerkéhralm Eiberg
2100
800
£ :L y 5 2000
S 700 _E
£ 1900
£ so0 =0 2100 E‘
£ 500 f—
% g 1800
500 G 2000
-E 1700 \
Ll 1900
10071
- g | 4 clo 1600
300 1800 HES
fo) 1500 4~ |
- 1700 S5
200 S 2
= 212
1600 oz LLI
= tle 1300 O
o j 1500 = .% 7 S
= 1200 g
a 1400 -
= 1100 W o o 100
- o = 1300 % o
© 1000 o 1000
< 5 g 1200 -%
c S 900 g ] E 900
% s c|m 1100 -
S & 500 SIS s 500 800
8 2 2ig w00 2 .
@ o = 700 £ ol S 700 B 700
*le2)3 g g = g8 M
Lic| D g T|o T| <£s00 2 g0
-Hc| @ D g0 B T
C|o 2 w © -
8 © 500 500 Q E 500
S| 2 B o) 700 =
(=4 o o & ©
cl o 400 2 = 400 £ 400
O w2 2 \soo g [+
Y| Cl5 o )
| 300 k=] — ~rmnnnn g 300 300 L
£ e, E %00 s initial CIE
5 200 5 200 200
< © 400 c
% (f{J) 100 Cg o % 100 100 F—1 300
= grey Tg Vb — & o e BlE gr Tg Mb 100 60 50
o N 2 lorTaMb [ 5 5 il L% o
FlEle © 200 © 200 50 10
glCE 8o clo €l 2 0 a3
=g 100 2 i . i3 i ~109) £ § -100 . 33 -31 29 -27 -25 34 32 -30 -28 32 30 -28 -26
Do =
|8 200 & @ 00 Sl E 200 13
0|2 0 = & 13cory 13 & 19Corg ['ad
S| 3331 2027 26 28| |8 ° J i ¥ g = 0 gl 5 13Corg [%d
¥ -32 -30 -28 -26 -24 2300 e 2 200 ] 8120 -27 28
513¢ -33 31 20 .27 25| —
org lhd & 13corg [%q 00 - 5 13Corg [%d
5 13c
org [ed -500 y¥—
initial CIE 600
~arncen Small shear zone
-700
|:| Limestones
-800 |
|:| Grey marly to silty sediments 900

Red marly to silty sediments from the Schattwald beds

-1000
-33 -31 -29 -27 -25 -23

] 13(:org [%d

Figure 18. 6‘3C0rg curves for Eiberg-fefengraben members from Northern CalcareoAtps (Ruhl et al., 2009).

64T



180

a) Kuhjoch section st (Fig. 19) trend in theTiefengraben'*C,  record.This long-term gradual
negative shift is interrupted by a significant positive shift (to -26%o)

In the KuhjochWest section the transition from the Eiger at the level of the first ammonite horizohhis minor positive
Member to theTiefengraben Member was sampled at a cm scale. excursion is followed by less negative values and subsequently more
This interval is characterized by a distinct negative C isotope excursiordepleted values at the top of the studied record.
with a maximum of about -31%. (Fig. 19jhe onset of th&"C__
peak coincides with a bituminous, black siltstone layer (1 cm) at theb) Kuhjoch section East (Fig. 19)
top of the thin-bedded marly limestoneB&d) of the uppermost
Eiberg Member The upper half of this negative carbon isotope To get the completeness of the Schattwald sedimentary record at
excursion coincides with the top of the brownish marls with Kuhjoch, a combined palynological and bulk C-isotope study has
Pseudolimeaconcretions of pyrite and worm-shaped tradés C been carried out at KuhjodNest as well at Kuhjoch East.
isotope curve turns to more positive values of about -25%. withinthe  C-isotope values (Fig. 19) of the lower part of the Schattwald
lowermost 20 cm of the Schattwald Beds and remains rather stabl8eds, between the base of the sampled section and about 260 cm
within this interval. An abrupt ~2%. negative shift (from ~ -25 to  height, remain rather stable at around -25%.. Between 260 cm and
~ -27%o) occurs at the top of the Schattwald Beds at ~ 2.5 m height irB30 cm C-isotope values turn gradually to more negative values with
the sectionThis shift is related to a minor fault in the sedimentary a minimum of -27%. at 330 cm and increase gradually again to less
record, marked by a ~ 10 to 20 cm thick and tectonically deformednegative values of -26%. towards the top of the section studied (at
clay horizon (Fig 19)The break in the sedimentary succession is 400 cm).
also confirmed by a hiatus in the palynological record (see  C-isotope analysis of the Schattwald Beds of the Kuhjoch section
palynostratigraphic paragraph beldwig. 24). In theTiefengraben at the east side reveals no abrupt shifts (jumps) but a steady decline
section this zone is characterized by a gradual negative trend from to more negative valueshese values correspond to the jump in C-
26%o to -28%. (Kirschner et al., 200The minor sedimentary hiatus  isotope values at 230 cm at the west side of the Kuhjoch section and
in the KuhjochWest record is succeeded by gradually decreasingsupport the presence of a small hiatus at this level, caused by a minor
613C0rgvalues, from ~ -27 to ~ -28.5%o, similar to the observed negativefault (Ruhl et al., 2009; Bonis et al., 2009), while the sedimentary
. succession at the east side is complete in this interval.

Kuhjoch: West East

800 1

2. Total Organic Carbon (TOC) (written by M. Ruhl
andW.M. Kurschner) (Fig. 20b)

The TOC curve shows a sharp maximum of about 10% at the
black, bituminous layerwhich coincides with the initiad**C, |
minimum, while the rest of the section shows only minor variations
between 0 and 19A similar pattern has been found throughout the
Eiberg Basin.

Jurassic
Hettangian

600

L_Psil. spelae tirolicum

500

3.Kerogen analysigwritten byM. Ruhl and\.M. Kiirschner)

2 w0 10 Rock Eval pyrolysis has been used to identify the type and maturity
g of the sedimentary ganic matter (Ruhl et al, 2010d)he initial
& %0 Carbon Isotope Excursion (CIE) is marked by only minor changes in
§ %0 w 300 kerogen, which is distinctly terrestrial in origin. IncreaSe€aC
g § concentrations of 9% at the first half of the initial CIE coincide with
R A 0 HI values of over 600 mg HCTBOC. The high correlation (with R
8 a0 200 = 0.93) between HI values and terrestrial Cheirolepidiaceae conifer
2 pollen suggests a terrestrial origin for the hydrogen enriclgzthiar
- % 150 compounds in the sedimeitte lack of major changes in the origin
EIZ 8 w0 o of the sedimentary ganic matter suggests that the changes in the
g é 2'>13C0rg composition are genuine and represent true disturbances of
Il = the global C-cycleThis finding is supported by the compound specific
AR 7 it - C-isotope record measured in higher plassikanes (Ruhl et al.,
®g 5 tial CIE o L
E é uE_ § © 28 26 24 20]1)
sle 8 13Corg [%0]
M o e, 4. Carbon isotope in carbonatewritten by S. Richoz)
5 "%Corg [%o] (Fig. 21)
Figure 19. Deailed C-isotope curves from the Kuhjodhest and Compared t&'°C,, studies, rar&'°C_,, data are reported for

the Kuhjoch East sections, dafor KuhjochWest are from Ruhl et theT-J boundary interval in the NCA. Only the Kendlbach section in
al. (2009), daa for Kuhjoch East are from Schobben et al. (to be the Eastern EibgrBasin has been investigated by Hallam and
submitted). Goodfellow (1990), challenged by Morante and Hallam (1996) and
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measured show to some degree recrystallization of the test, which
could explain the slightly more negative valusmonites from the
Tiefengraben Member have been demonstrated to preserve aragonite.
The two ammonites here measured display vefgraifit valuesThis
difference could be explained byfdifent metabolic écts on the
isotopic composition of the shell (Seuss et al., 2012) or by a partial
recrystallisation and transformation of the aragonite into calcite.
Indeed by applying th€C-fractionation between aragonite and calcite
of 1.8+0.2%0 (Rubinson and Clayton, 1969) to Bscf. pacificum
leads to values around 2%. being in agreement with the general trend.
But using the correction factor for the. spelaelata would resultin
too negative values.

The limy sandstone at 14 m, just aboveRkef. pacificumlevel,
of Kuhjoch provides a value of 1.4%., whereas the first limestone
bed of the BreitenbgrVib. has a value of 1.9%bhese values increase
to 2.4%. in the middle of this member to stabilize around 1.7%o. at the
top and in the successivelinet Formation. In conclusion, after the
initial negative excursion, the values seem to remain constant between
1.5 and 2%o. as already observed by Hallam and Goodfellow (1990)
without considering the values of the marls (Morante and Hallam,
1996), and by McRoberts et al. (1997).

Schattwald beds

Palaeomagnetismuwritten by M. Deenen, M. Szurlies,

T T T T T T T 1 LN N B B B | andW- Krljgsman)
31030 <29 28 <27 <26 25 240123456789

§13C TOC % Palaesomagnetic investiga?ions have_ be_en sta_trte(_j but all samples
bulk org studied till now are remagnetized. Earlier investigations of Kdssen
Figure 20. (A) Boundary between Eiberg (E.M.) andiefengraben Formation in the ®inplatte area (Fig. 1) have been shown to be
members (IM.) (Kuhjoch West section). Beds of photograph remagnetized, which is in agreement with previous studies in the NCA
overturned. (B)3”*C,,and TOC curves of the Eiberg -igfengraben (Pueyo et al., 2007T.he oganic rich sediments often contain also a
members (Kuhjoch\est section) (Ruhl et al., 2010a). lot of pyrite, which bias a primary signal.

revisited by Korte and Kozur (2QL "McRob(.arts. et al. (1997) Biostratigraphy (Figs. 10, 1)

presented another curve from the Lorlins section in westestnia.

Mette et al. (2012) published®C_,,, curve for the Late Rhaetian Only a few fossil groups are suitable for high-resolution long

part of the Kbssen Formation in EigeA major problem is the very  distance correlations of Lower Jurassic strata, i.e. ammonites and

rare occurrence of carbonate beds in the almost pure terrigenousadiolarians, of which the latter are almost missing in the studied

Tiefengraben Membewhich do not allow a continuous carbonatic sectionsAmmonites are, therefore, the most important fossils for

C isotopic curve through the boundary interval. Data presented hereletailed biostratigraphic subdivision and correlation of The

are also scattered, taken fromfeient localities and carbonatic boundary intervalTheir high evolutionary potential provides the

sources: we measured the uppermost Kdssen limestones and the basis for a detailed biozonation (Fig. 22) and their wide geographic

Bed at Scheibelbgr pelycypod fragments from a level 90 cm above distribution in marine realms facilitates global correlations.

the top of the Schattwadeds at Hinterissbach, ammonoits ( Nannofossils and marine palynomorphs may also be of relatively

spelaeandPs.cf. pacificumfragments), the foraminifé&einholdella high correlation potential. Of biostratigraphic or ecostratigraphic

from thePs.cf. pacificumlevel at Hochalplgraben and the limestones relevance are also bivalves, ostracods and foramin#eeslable

of the Breitenbey Mb. at Kuhjoch. terrestrial palynomorphs fefr potential for marine — non-marine
The Scheibelbgrsection is located at the southerngiraof the correlations.

Eibeig Basin and contains a particularly well-developed and expanded

T-Bed. Its3'°C,, andTOC values have been published in Ruhl etal. 1 Ammonites (Figs. 10, 22) (Hillebrandt and Kment, 201

(2009).Thed'C_ , data in the Kossen Formation are around 1.8%s, illeprandt and Krystyn, 2009)

corresponding to the mean values of the Ejidember (Mette et

al., 2012)The values remain stable or even increase slightly through ~ The Kuhjoch, Ochsentaljoch, Rissbach and Hochalplgraben

the lowerT-Bed to start decreasing to 1.2%. only in the ugpBed. sections record 9 ammonite beds or levels of Late Rhaetian to Late

A very short main negative excursion (to 0.2%o) is restricted to the Hettangian age:

topmost 10 cm of th@-Bed and thus records a distinct delay in e ammonite level (7) with ammonites of the Marmorea Zone (Late

comparison to thé“COrg negative excursion. Hettangian)

Fossil remains from thEefengraben Mb. provide various values e ammonite level (6) with ammonites of the Megastoma Zone
with a maximum of 2.1%. for pelycypods, 2.0%. 8. spelagt.3%o (Middle Hettangian)
for Ps. cf. pacificumand 1.1%. forReinholdella. All foraminifers e ammonite level (5) with ammonites of the Calliphyllum Zone
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(condensed; including horizon witksiloceras calliphyllum-
P. costosunand horizon withPsiloceras naumanhi+(upper
part of Early Hettangian).

e ammonite level (5a) (Rissbach) witsilocerascf. planorbis
andP. n. sp. (upper part of Early Hettangian)

e ammonite level (4a) (Hochalplgraben) wRisilocerassp. A
(Fig. 17) (Hillebrandt and Krystyn, 2009, figs. %,8a,b) (lower
part of Early Hettangian)

e ammonite level (4psilocerascf. pacificum(lower part of Early
Hettangian)

T/J boundary

A Kuhjoch

Adnet

‘ Breitenb. M. | Formation

25m

20m

Kendlbach Formation
Tiefengraben Member

5m

Om

Koessen Form.
Eiberg Member

B Scheibelberg

60

40 ]

204

Koessen Formation
Eiberg Member

-20

-40

T-Bed

Schattwald Beds

[m) ] n
Reinholdella ™

Ps. spelae tirolicum WH W

Pelycypods B Ml

equivalent Scheibelberg

Ps. cf. pacificum
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:
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Figure 21. (A) 8°C

carb

values at KuhjochWest section. The bivalve datbrown

e ammonite level (3a at Kuhjoch and 3b at
Ochsentaljoch) witlPsilocerasex gr P. tilmanni
(lower part of Early Hettangian)

e ammonite level (2) withPsiloceras spelae
tirolicum (lowest part of Early Hettangian
(Figs.1..1-3)

e ammonite level (1) witlChoristoceras marshi
(Late Rhaetian) (Fig. 1.6)

2. Bivalves(Figs. 1.4-5) (written by C.
McRoberts)

CassianellaandChlamys valoniensisharacterize
the top Eibey Member Directly above is the FO of
Agerchlamys together with Pseudolimeacf.
hettangensis the bituminous layer of thieBed, both
taxa continuing up into the remainder of the
Tiefengraben MembeTwo species o€ardiniaand a
single one oAgerchlamysare found in difierent beds
of the Tiefengraben Membethe latter form ranges
up to the lower part of the BreitengeMember Of
these bivalve taxa known from the GSSP interval, only
Agerchlamysprovides for limited global correlation
to otherT-J boundary sections where the FO
consistently can be found immediately following the
onset of extinction and negative C isotope anomaly
(see McRoberts et al., 2007; McRoberts et al., 2012).
The other bivalve taxa, while ecologically important,
posses little biostratigraphic value.

3. Ostracods(written byM. Urlichs) (Fig. 15)

Many ostracod taxa found in tHéefengraben
Member are long ranging, for example from the
Hettangian to the Late Pliensbachian or even to the
Toarcian. Merely théeucytheura and Nanacythes
species have a stratigraphic range of only about one
stage or somewhat mor&he Tilmanni Zone is
characterized by the co-occurrence of the Rhaetian
Eucytherurasagitta, Eu. schulzand the Hettangian
Nanacythee elongata and N. paracostata
Unfortunately these species are mostly very rare in
the Karwendel section®gmoconchelldristolensis
0. aspinataandO. telataare against that frequent to
abundant in th&ilmanni Zone of these sections and
occur also in the Calliphyllum Zone. Both zones are
characterized by the co-occurrence of these three
Ogmoconchellaspecies.

squares) are from the Hinterissbach section, some kilometers west of Kuhjoch, Ogmoconchella martins the index fossil of the
calibrated in the section with diahce to the Schattwald Beds. Black squares atewer part of the “Middle” Rhaetian, of theartini
values for both ammonites, open squares are values for Ps cf. pacificum correctedZfmme in England and of the upper “Middle” Rhaetian,
the ®C-fractionation between aragonite and calcite. The violet squares refer ttte virgata Subzone in NWGermany It has been

Reinholdella and turquoise squares are for selected micrite. §ST

carb’

¢5‘3C0rg and furthermore recorded from the lower part of the Upper

TOC dat from Scheibelberg section{)“COrg and TOC are from Ruhl et al. (2009). Rhaetian in England (Ainsworth and Boomer 2009,

September 2013



183

@ Northern NW Europe North America South America Reinholdellen. sp. are first found above this
5| Calcareous Alps | (Great Britain) (Nevada) (Peru + Chile) level. The horizon withPsilocerascf.
N | HILLEB.& KR. 2009 | PAGE 2003 (modif.) | GUEX et al. 2004 (modif,)| HILLEBRANDT 2000(m.)| pacificumyields another new species of
C. johnstoni ¢ crassicostatum | P ¢f- calliohylioides | Praegubkinella.in the Hochalplgraben
2 - e ] section a third species &fraegubkinella
= 5| g coitors]ulrln L ;Fi"fat_“'tﬂ“_ — — ————— 1 Prectocostatum | occurs between the horizons witkiloceras
8 . calliphyllum . psilonotum ioli i ifi
) n_::_s ~ B glanorss P. polymorphum P, primocostatum spglae tiolicum andP&Igceraa:f. pacificum.
g Neoonviit B e — Reinholdellan. sp. continues to the upper part
o - S es. — P_eo_p Ltlis ———————— P. planocostatum of theTiefengraben Member (Ochsentaljoch
5 | |LP-cfplanorbis || BEMIEUM._ | p pacfieum [T T T 7 T 7| section)ObehauseellaandPraegubkinella
2 | £|[Pch pacificum | P marcouxi + Odog. P. ilmanni are not only found in the EibgBasin but
| Ol T L ——— — . u .
E [[Pex grP.tiimanni ? | P.cf tilm. + Odog. | also in theAllgdu and Hallstatt basing\
= ’ﬁ P el ‘ ’ P of spel ‘ section in the latter (near Bad Goisern)
— Sioc. sperae - Spetae - Cl. Spelae revealed the same Oberhauserellidae
Rhae- ® || Choristoceras Choristoceras Ch. marshi evolution and the characteristic size increase
tan | 8 marshi crickmayi Ch. crickmayi from Obemhauseella to Praegubkinella

Figure 22. Correlation of Early Hetingian ammonite zones, subzones and horizons (gre%ﬁ',ese arag_onmc foramlplfers are thus very
portant biostratigraphical proxies for the

. . ) i
broken lines approximated correlation. . ) . .
bp T-J boundary since their rapid evolutionary

fig. 2) and has still a longer range in thastroalpine Realm than in  development takes place inféifentAlpine regions close to thepelae
England and NWGermany at least from the basatu&rzenbaumi horizon.
Zone to the top of the Marshi Zone (Middle to Late Rhaetitimg.

shorter stratigraphic ranges in the Europe outside @flissprobably 5. Calcareous nannofossilgwritten by P Bown) (Figs.

result from low salinity during the Late Rhaetian. 16, 17)
After the disappearance 6fgmoconchella martirkt Kuhjoch,
the first appearance @fgmoconchella aspinafg O. ellipsoideaat Contrary to the Késsen Formation, coccoliths s.s. are very small

the base of th&ilmanni Zone may be an approximate biostratigraphic and very rare in th&@iefengraben Member where neither typical

marker for the base of the Hettangian. Howether first appearance  “Liassic” nannofossils (e. §chizosphaetla —the dominant Liassic

of O. aspinatais not coeval in dferent regions. In England, this  nannolith), nor any true coccoliths have yet been found. More samples

species already occurs from the Lower Rhaetian to the lower part ohave to be studied as changes in the “calcisphere” assemblages could

the Upper Rhaetian (Ainsworth and Boomer 2009, fig. 2) and be of biostratigraphic importance for the turnover fromTthassic

continues to the earliest Sinemurian (Boomer &ingworth 2009, to the Jurassic, which is not well constrained.

fig. 2). These Rhaetian occurrences should be reconsidered. In

continental Europe outside of tiAdps, the earliest records @. 6. Palynomorphs(rigs. 10, 23-26) (written by N.R. Bonis,

aspinatacome from the Planorbis Zone Afdeche, Paris Basin, \j A N Schobben, anW.M. Kiirschner)

Lower Saxonyand Denmark. In SM&ermanythis species appears

later, in the early Liasicus Zone (Middle Hettangian), because the  Several studies in the Northern calcaredizs (NCA) have

condensed carbonatic lithology of the “Psilonotenbank” (Psilonotum described the microfloral record across Thi@ssic-Jurassic (J)

Zone) is unsuitable for the extraction of ostrac8dsed on ostracods  transition (Morbey 1975; Karle, 1984; Schuurman, 197%he

alone, an exact correlation of tAeistroalpine Late Rhaetian and discovery of a negative C-isotope excursion (CIE) at the base of the

Early Hettangian with NW and Central Europe is at present impossible Tiefengraben Member (Kurschner et al, 2007), that correlates with

the initial and main negative CIE in many otfiel key sections (e.g.
4. Foraminifers (Figs. 10, 12-14) (Hillebrandt, 2010, 2012) ~ Palfy et al,, 2001; Hesselbo et al., 2002; Guex et al., 2004), has
renewed the interest in high resolution palynostratigraphic studies in

The nodosariid fauna of tiileBed and of the bituminous layeris  the NCA, which allows calibration of the pollen and spore record

typical for the Rhaetian just as is the impoverished fauna wik lar  with an independent chemo- and marine biostratigraphic framework

Marginulinopsisof the lower part ofTiefengraben MembeiThe (Bonis et al., 2009, 2010a; Bonis and Kirschpet 2). In the western

monotonic predominance éfippocepinain the Schattwald Beds  Eiberg Basin, Bonis et al. (2009) presented a detailed high-resolution

allows no age assignmefithe mostly small-sized nodosariids and microfloral record for the Hochalplgraben section together with

polymorphinids of the grey marls of thiefengraben Member above preliminary data from the KuhjockW/ section.The following

the Schattwald Beds are poor in species. Characteristic genera likparagraph summarizes a new high-resolution palynostratigraphic study

Ichthyolariado not occur and specimens of thiegula teneragroup from the Kuhjoch GSSP in both outcrops, on the western and eastern

are very rare in the lower and middle part ofteéengraben Member  flank and represents a revision of earlier work (Bonis et al., 2809).
The aragonitic Robertinina are of biostratigraphic importance more detailed account of the palynology of the Kuhjoch sections will

(Figs. 11, 14) (Hillebrandt, 2010Dbehauseellawas described from  be published elsewhere (Schobben et al., to be submitted)

the LateTriassic and is still present with various species in the grey

marls below th@siloceraspelaehorizon Praegubkinellatugescens  g) KuhjochWest sectionFigs. 10, 23, 25)

appears 50 to 60 cm below and disappears about 1.2 m above the

spelaehorizon, which is about 40 cm thicKransitional forms to In total 44 sub-samples were taken from the same sediment
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Figure 23. Relative abundances [%)] of pollen and spores through thebbundary interval in the KuhjochWest section and their correlation with pollen assemblage zon&s &firschner
et al. (2007), whereby RE Rhaetipollis -Limbosporites zone, RPo= Rhaetipollis-Porcellispora zone, TH =Trachysporites-Heliosporiteszone (with D1and D2 as local subzones that
correlate with local pollen assemblages H3 and H4a in Hochalplgraben (Bonis et al., 2009)) TRichysporites-Pinuspollenites zone.
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TH
TPo
RPo

Trachysporites-Heliosporiteszone.

Percentage [%]
o sample analysed for palynology

Kuhjoch - East
-26
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Figure 24. Relative abundances [%)] of pollen and spores through thiEbbundary interval in the Kuhjoch East section and their correlation with pollen assemblage zotexskafrschner

et al. (2007), whereby RPo Rhaetipollis-Porcellisporazone, TPo= Trachysporites-Porcellisporazone, TH
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em Hochalplgraben Tiefengraben Kuhjoch Kuhjoch Kuhjoch
2000 Bonis et al., 2009 Kuerschner et al., 2007 (New biozones) (Old biozones) (East section)
This paper, Ruhl Bonis et al., 2009 Previous research
et al., 2009 and
] Bonis etal 2010
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@1 Psiloceras spelae tirolicum @ 5 Psiloceras ex gr. P. tilmanni & Acanthotriletes varius

2
@ Psiloceras cf. pacificum @ Cerebropollenites thiergartii Conbaculatisporites spp.

@3 Choristoceras marshi A Ischyosporites variegatus £ Pinuspollenites minimus

@4 Psiloceras calliphyllum @ Heliosporites reissingeri @ Cymatiosphaera polypartita

Figure 25. Correlation of KuhjochWest, Kuhjoch East, Hochalplgraben andigfengraben sections based on C-isotope stratigraphy
palynomorph assemblage zones and bio-esesitich as FO of ammonites and pollen/spaga, position ofCymatiosphaeraacme, marked
increase in abundance of pollen and spores (ddgliosporites, Pinuspollenites The pollen assemblage zones are based on Kirschner et

al. (2007), Bonis et al. (2009) and Schobben et al. (to be submitted). Dotted lines are correlations based on C-isotope stratigraphy from Ruhl
etal. (2009). Rl= Rhaetipollis-Limbosporiteszone, RPo Rhaetipollis-Porcellisporazone, TPo Frachysporites-Porcellisporazone, TH
=Trachysporites-Heliosporiteszone (with D1and D2 as local subzones previously local pollen assemblages H3 and H4a in Hochalplgraben
(Bonis et al., 2009)), TP# Trachysporites-Pinuspolleniteszone; Red line: base of TH zone.

samples previously studied for the C-isotope composition (Ruhl etConcavisporitespp. andRicciisporites tuberulatus The top of this
al., 2009) and granic geochemistry (Ruhl et al., 2010, 2DThis interval shows again an acme Gf meyeriana(>30%), while
allows a direct integration of the palynostratigraphy with the C-isotope Heliosporitesand Trachysporitesenter the recordhis assemblage
stratigraphy The microfloral record across the boundary is correlates with th&®haetipollis - Potellisporazone (RPo zone).
characterized by marked changes in the terrestrial palynomorph (3) In the following interval (255 cm to 810 cm height), which
assemblages that correlate with those oflteengraben section in  can be further subdivided in two subzor@smeyerianaemains an
the eastern part of the EilgeBasin (Kiirschner et al., 2007). Based important constituent up to 20% but other pollen, sushtissporites
on cluster analysis 4 pollen assemblage zones can be recognized bjuvensisOvalipollis pseudoalatugndRhaetipollis germanicuhat
the Kuhjochw section (Fig. 23): were common in previous zones are absent. Furthermore,

(1) The lowermost interval (base of section = base of KendlbachCerebmopollenites thiegartii, andIschyosporites variegatuisave
Formation to 28 cm height) is dominated@wssopollis meyeriana  their FOD at the base of this zone. MoreoRP@lypodiisporites
andClassopollis toosusaccompanied b@valipollis pseudoalatus microforatusdisappears, whilédeliosporitesand Trachysporites
Rhaetipollis germanicysLimbosporites lundbladji and become dominant (30%). In the upper part of this interval
Cingulizonates raeticusare presenfThis assemblage corresponds Trachysporitesdominates the sporomorph assemblages with
to theRhaetipollis - Limbosporitezone (RL zone). abundances of more than 40% accompaniggibgisporiteg20%).

(2) The next interval (28 cm to 255 cm height) is mainly C. meyeriana abundandecreases to values around 10% and remains
characterized by an abrupt declin€inmeyerianawhile C. torosus stable.This assemblage correlates with theachysporites -
and Vitreisporites bjuvensigicrease up to 20%. Furthermore the Heliosporiteszone (TH zone).
diversity and abundance within spores increase, typically  (4) In the following interval (810 cm to 1600 cm height) the most
Polypodiisporites miaforatus (>20%), Deltoidosporaspp., notable feature is a marked increase in abundaremos$pollenites
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tectonic disturbanc&his tectonic disturbance
most likely reflects the same tectonic fault as
at the top of the Schattwald Beds at Kuhjoch-
W, which cuts through the stratigraphy

Significant changes in the terrestrial
palynomorph assemblages occur within the
Schattwald Beds. 3 didrent pollen
assemblage zones have been distinguished by
cluster analysis:

(1) The lowermost interval (base of
section to 275 cm height) is characterized by
diverse spore assemblages with high abundan-
ces ofPolypodiisporites polymioforatus
(+40%) accompanied Hyeltoidosporaspp.,
Concavisporitesspp., Carnisporitesspp.,
Limbosporites lundbladiand othersThe
proportion of pollen is rather low consisting
mainly of Vitreisporites pallidusand V.
bjuvensis accompanied bylassopollis
meyeriana Ovalipollis pseudoalatysand
Platysaccussp. This assemblage correlates
with the Rhaetipollis - Pocellispora zone
(RPo zone), which is the second pollen
assemblage zone in the Kuhjoch-W section.

(2) The following assemblage (275 cm to
310 cm height) is transitional between
assemblages the RPo zone andTtHezone.

It is characterized by a marked and steadily
increasing abundance of pollen, particularly
of C. meyerianawhile V. pallidus and V.
bjuvensisdecline.Also spores, which were
dominant in the previous assemblage, such as
P. polymicoforatusandDeltoidosporaspp.
decline significantly while Conbaculati-
sporitesspp. has a brief acme within this
interval. Trachysporites fuscushows a slight
increase. Some palynomorphs that are
characteristic guide forms of the Rhaetian,
such asO. pseudoalatusl.unatisporites
rhaeticus,and L. lundbladii have their last
B occurrenceThis assemblage correlates with
theTrachysporites — Paellisporazone (TPo
zone) of thdiefengraben section (Kirschner
et al., 2007), which is absent in the Kuhjoch-

Figure 26. Light microscope illustrations of spores and pollen that mark thé&3sic-
Jurassic boundary interval (1-3)schyosporites variegatus,(4-7) Cerebropollenites

thiergartii .

W section (see further discussion below).
minimus and Ricciisporites tuberulatus, while Trachysporites (3) The following interval (310 cm to 390 cm) is characterized
remains dominant.his assemblage correlates with Thechysporites by an acme of. meyeriand+80%), which is followed by a decline
- Pinuspollenitezone (TPi zone). down to +40-60% for the remaining part of this interval. Spores,

particularly T. fuscusandHeliosporites eissingerishow a marked
b) Kuhjoch East section(Figs. 24, 25) increaseAt the base of this assemblag@erebropollenites thiegartii

has its first occurrencelhis assemblage correlates with the
The Kuhjoch-E palynomorph record consists of 17 samples, whichTrachysporites - Heliosporitezone (TH zone).

were collected in 2008 from a trench (about 50-100 cm deep) ~20 The RPo zone of th&iefenbach could be recognized in the
meters to the east side of the original Kuhjoch-W section (Fig. 8).KuhjochW and E sections as well as in the Hochalplgraben section
The sampled ~400 cm interval in the Kuhjoch-E section covered thgBonis et al., 2009) because of high diversity of spores with the
Schattwald Beds and the transition to the succeeding graydominance ofP. polymicioforatus the moderate abundance of
Tiefengraben MbThe lowermost 30-40 cm from tHéefengraben V. pallidus/ V. bjuvensisand the low abundance 6f meyeriana
Mb / Schattwald Beds in the Kuhjoch-E section, directly succeeding  The second pollen assemblage zone at Kuhjoch E shows distinctly
the carbonates from the Kdssen Fm., was not sampled because gfadual changes in the abundance of the pollen and spores, such as
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an increase €. meyerianaa decrease ¥ pallidus V. bjuvensis, palynological and C-isotope data show thatTR® zone is clearly

and P. polymicoforatusand a brief acme dfonbaculatisporites present in the Kuhjoch East section, showing the undisturbed nature
This assemblage correlates with fileo assemblage zone in the of the upper part of the Schattwald Beds.

Tiefengraben section (Kurschner et al., 2007) because of the decrease

in P. polymicoforatusandDeltoidosporawhile Concavisporitesind Radiometric Geoch ronology
Trachysporitesincreases. Note that the increaseliiachysporites

precedes the increaseHteliosporites The latter characterizes the No radiometric data of th&J boundary are known from the
base of the followingrH zone inTiefengraben (Kirschner et al., Northern Calcareouslps or elsewhere in Europe contrary to South
2007). and NortPAmerica from where many radiometric age determinations

By contrast, in the KuhjocW outcrop and the Hochalplgraben were published in the last two decadBse CAMPvolcanic rocks
the transition from the assemblages from the RPo tdkheone is provided many data and also volcanic ashes intercalated to marine
characterized by an abrupt increase (acmeg). imeyerianaand the sediments. Palfy et al. (2000) dated in Canada (Queen Charlotte
disappearance &f pallidus V. bjuvensisandP. polymicoforatus Islands) a tuflayer in marine sediments with an age of 199.6+0.3
while the acme o€onbaculatisporitess lacking. Ma. This tuf is found immediately below the change of radiolarian
This transitional pollen zone is not present at Hochalplgrabenfaunas near to theJ boundarySchoene et al. (2010) and Guex et al.
and Kuhjochw because of a minor hiatus caused by a fault. In the (2012) dated in Peru tiayers of the latest Rhaetian with an age of
Kuhjoch E outcrop this interval is undisturbed and characterized by201.40+0.18 and 201.45+0.14 Ma. Earliest HettangRsildceras
a gradual decrease in C-isotope values from -25%o to -27%o, which isspelaehorizon) (Guex et al., 2012) samples between twiddyérs
similar in magnitude as the abrupt shift at the top of the Schattwaldwere dated with an age of 201.35+0.10 and 201.26+0.13Th&.
Beds in Hochalplgraben and Kuhjobttest (Fig. 2).Therefore distances between the sample$edibetween the two publications.
C- isotopes and palynological results independently indicate theSchoene et al. (2010) determined also an earliest Hettandibeduf
presence of a small hiatus at the top of the Schattwald Beds in thesea. 1.5 m above tHesiloceras spelaleorizon of the Nework Canyon
two sections and a continuous sedimentary record at Kuhjoch Eassection (Nevada, USA) with an age of 201.33+0.13 M same
The followingTH zone can be recognized in all 3 sections (Kuhjoch author dated the lowest part of the CAMP North Mountain basalt
East, KuhjoctWest and Hochalplgraben) because the dominance of(Nova Scotia, Canada) with an age of 201.38+0.02 Ma. Marzoli et
C. meyeriangand the acme at the base of this interval) accompaniedal. (201, fig. 2) presented a correlation offdient NorthAmerican
by high abundances of spores suchHaiosporitesand CAMP basins and the Hightlas (Morocco) based on radiometric
Trachysporites ages of superimposed volcanit€se lowest basalts were dated with
The fine resolution palynological analysis of the 2 Kuhjoch 200.9+0.8 Ma (Lower Basalt, Morocco) and 201.6+1.2 (North Mt.
sections, the nearby Hochalpgraben section andigfengraben Basalt of the Fundy Basin, Canada).The averaged age dfihe
section in the eastern part of the E¢leasin and the Restental section boundary can be estimated at around 201.3 Ma.The latest radiometric
(Mazumder2013) show that the pollen assemblage zonation supposediata of CAMP volcanic rocks were published by Blackburn et al.
by Kurschner (2007) can be applied for regional correlation (2013). The Palisade sill of the Orange Mountain Basalt (oldest
throughtout the NCA. Howevdurther studies have to show if similar ~ volcanite of the Newark Basin, USA) was dated with an age of
fine resolution correlations can be established withifeitieys realm. 201.520+0.034 Ma, the North Mountain Basalt (oldest volcanite of
As the succession of the pollen assemblage zones reflects vegetatidhe Fundy Basin, Canada) with an age of 201.566+0.031 Ma and the
changes to regional climate changes we expect more compleXAmelal sill (Intermediate Unit) of th&rgana Basin (Morocco) with
vegetation patterns on a ¢gar lateral scale (see also Bonis & an age of 201.564+0.054 Ma.
Kurschney 2012). This will limit the use for direct one to one
correlations on extra-regional long-distances. Correlations

c) Correlation within the Eiberg Basin(Fig. 25) 1. Regional

The new high-resolution study of the Kuhjoch sections shows ~ Ammonite level (2) — the boundary level — is presently known
that palynomorph assemblages from this section correlate one to onfeom six sections, level (4) from four sections, and levels (3a, b) from
with those reported from the Hochalplgraben section and thetwo sections in the western Karwendel syncline over a lateral distance
Tiefengraben section. Several bio-events can be recognized in all threef nearly 10 kilometeréAmmonite levels (5) to (7) are known from
sections across tfieJ boundary interval (Fig. 24Jhese include the ~ many sections of the western Karwendel Syncline (Hillebrandt and
LO of typicalTriassic palynomorphs suchlasnatisporites haeticus Kment, 201). These levels are also found infdient sections of its
Ovalipollis pseudoalatus,and Rhaetipollis germanicus northern flank (Kment, 2000T.he bivalve fauna and the negative
Triancoraesporitesspp. in the Schattwald Beds of the Kendlbach isotope excursion of the Kuhjoch section in the boundary bed(s) from
Formation clearly above (ca. 2 m) the LOGiforistoceras marshi the Eibeg to theTiefengraben Member can be observed in many
Bio-events above the Schattwald Beds are the E2mebropollenites other sections and provide a first order correlation level within the
thiergartii and Ischyosporites variegatus marked increase in  Eiberg Basin; the same applies for ammonite levels (1) and (5).
Heliosporites eissingeriandTrachysporites fuscug&a. 3 m below Ammonite levels (1) to (3) and (5) to (7) are present also in the
the FO ofP. spelag and the occurrence &inuspollenites minimus  Zlambach Basin. In this region small specimerBsifoceras spelae
higher up in the sectiofhe TPo zone, howevers lacking in the tirolicum(2) were foundogether with a smaRhyllocerassimilar to
Kuhjoch West and Hochalplgraben, due to a minor tectonic fault the specimen found in thepelaehorizon of Kuhjoch A second
coinciding with an abrupt shift in the C-isotope records. Our new ammonite bed, some meters higher up, yieldeddasized
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Schistophylloceraand small sizeBsilocera<f. tiimanni(3). Vertical results (Bloos and Page, 2000) demonstrated, hoytbeéthe oldest

changes within the microfaunas allow further fine-tuned correlationspsiloceratid of Northwestern Europe (Great BritainPwloceras

within the Tiefengraben Member throughout the Egh&asin and erugatumwith the FO in bed 8 at Doniford Bay (near Audrie’s

also theAllgau and Zlambach basins. Bay) followed closely above bigsiloceras planorbisn the upper
Many sections of the western EigeBasin show a lithological  part of bed 9ThoughP. erugatumhas inner whorls with nodes

and faunal record of tHBJ boundary interval comparable to that of (“Kndtchenstadium”) like mo€®silocerasspecimens of the NCA, it

the GSSPSome of the more important sections areSttdossgraben was not yet found there and therefore it cannot be integrated into the

(47°28'30"/1°29'0"), with a flat-lying and exceptionally good Alpine PsilocerassuccessionConsidering the more or less

exposure of the top Kdssen and basal Kendlbach Formation, whiclpronounced ribbing of the inner whorls and the occurrence closely

has been also — but without success — studied for magnetostratigraphlyelow Neophyllitesn Northwestern Europé. erugatumshould be

The Hochalplgraben (47°28'20"/1°24'42") (Fig. 2) shows the  younger tharPsilocerascf. pacificumfrom the Karwendel and older

presently best-preserved psiloceratids of the ammonite levels (2) anthan the psiloceratids from the Calliphyllum Zone wWitbophyllites

(4) (Hillebrandt and Krystyn, 2009; Hillebrandt and Kment, 201  as oldest ammonite (Bloos, 2004).

fig. 4) and the most promising nannofossil recdte: Hochalplgraben The Kuhjoch and Karwendel ammonites of ffiefengraben
section is the type locality ¢fsiloceras spelae titicum Level (2) Member P. spelago P. cf. pacificum) are not known from the barren
also was found in the steep trendkobinberggraben between lower “pre-Planorbis Beds” of Englan@ihe carbon isotopic signal
Rohnbeg (east of Hochalplgraben) and Hinterriihe Rissbach is an additional correlation tool (Kiirschner et al., 200 boundary

(47°28'26"/1.°28'6") section (Fig. 2) opposite to Hinterri? contains should be expected to occur in the lowest few meters of the Blue Lias
the ammonite levels (2), (4), (5a, with a limestone bed at the boundaryormation (Fig. 27).
of the Tiefengraben und BreitentgeMember containing®. cf. The similarity of the Hettangian microfauna (mostly ostracods
planorbisand a new species BkilocerasFig. 22) and (5). and in part foraminifers, mainly nodosariids - polymorphinids)

Within the northern flank of the Karwendel Syncline, three between the NCA and Northwestern Europe is not very helpful as
localities Pletzboden Télzer Hiitte andSattelgraben Fig. 2) were long as in the latter the stratigraphically more important aragonitic
studied or are under studyith sections of the uppermost Eiger  Robertinina are not well documentéah exact correlation with the
Tiefengraben, and Breitenlgemembers. Macro- and microfaunas help of C-isotopes seems to befidiilt.
are very similar to those of the southern flahkiagment oP. spelae The boundary definition at Kuhjoch was chosen because it enables
was found at the outcrop southTaflzer Hutte. a correlation between the marine and the terrestrial réa&imT-J

In the eastern EibgrBasin theEiberg quarry (47°33'/12°10') boundary marks a significant biotic event in both realms. Palynological
exhibits an excellent outcrop from tigfengraben Member down  markers for the base of the Jurassic potentially enable correlation
to a complete EibgrMember that is topped by a rather shadinly between terrestrial and marine sedimentary records and recognition
laminated and pyrite-bearing 25 cm thicBed withChoristoceras of theT-J boundary in the continental realm. Howewdgfinition of
marshiand rich in fish scales and small bivalves. Microfaunas of the terrestrial palynomorph markers for the base of the Jurassic in the
Tiefengraben Member are very similar to those of the Karwendelstudied marine sedimentary records is not straightforward. No major
Syncline but part of the Schattwald Beds and the lower part of themicrofloral break has been found to be precisely contemporaneous
Tiefengraben Member are missing by tectoni¢e Mdserer Alm/ with the T-J definition.A few notable LO and FO bio-events have,
Seinplatte section (47°38'20"/12°35'0") has a more calcardsus  howeverbeen found to characterize #é boundary interval, besides
Bed up to 30 cm thick, containing common bivalves and, in the topquantitative changes in the terrestrial pollen assemblagese first

black bituminous centimetgChoristoceras marstandRhaetite<f. and latest occurrences can be used for the correlation outside the
gigantogaleatusThere is unfortunately no continuation upwards to Alpine realm.Typical Triassic palynomorph assemblages (e.g.
theTiefengraben Member Lunatisporites haeticus Ovalipollis pseudoalatuandRhaetipollis

The Kendlbach (47°41'15"/13°21'30") section provided up to germanicusTriancoraesporitespp.) are still present in the Késsen
now; together with the nearfiyefengrabenthe most complete macro-  Formation and the Schattwald Bedlse records of these taxa show
and micropalaeontological as well as palynological and geochemicathat they disappear at the top of the RPo zonet.|Auslrie’s Bay
data sets for the Northern Calcaredugs, thanks to the detailed (UK), the LO of these taxa is at the top of the Cotham Mb. of the
studies of Golebiowski and Braunstein (1988), Hallam (1990), Lilstock Fm. although they do not disappear exactly synchronously
Krystyn et al. (2005), and Kirschner et al. (200his easternmost  at this level (Vdrrington et al., 1994; Hounslow et al., 2004;
and maginal section of the EibgrBasin difers in the absence  Warrington, 2005; Bonis et al., 2010b).

(respectively reduction to the 1 cm bituminous top layer) of the Késsen  There is no major palynofloral turnover that correlates precisely
T-Bed due to non-deposition or erosion, in a comparatively reducedwith the level of thd-J boundary as defined by the first occurrence
Tiefengraben Member (13 m) with common limestone intercalations of the ammonit®s. spelae tolicum The only post-Tiassic miospores

but without ammonites, and in replacement of the reddish Schattwaldvith FO close to the base of the Jurassic, but 2 m below the entry

Beds by black clays. level of Ps. spelae tolicum areCerebropollenites thiegartii and
Ischyosporites variegatugee also discussion in Kirschner and
2. Northwestern Europe (Fig. 27) Herngreen, 2010; Cirilli, 2010%. thieartii occurs within the turn
to more negativé™*C values in the lower part of the main carbon-
St. Audrie’s Bay Somerset, England was proposei\ayrington isotope excursion, well above the extinction leveTnéssic biota

et al. (1994) as GSSP for the base of the Hettangian and bed 1But significantly below the lowest occurrence of the first Jurassic
(thought to represent the FO of the geRa#oceras- at that timé>. ammonite. Bonis et al. (2010b) report@dhiegartii andl. variegatus
planorbig defined as stratotype point (Hounslow et2004). Later about 4 m above the base of the Blue Lias Fmt.iA&lrie’s Bay
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Fisher and Dunay (1981) report€dthiegartii in theWatchet area  started earlier (20 ka) in Morocco as found in the Nértrerican

at the top of Richardsan(1911) Paper Shale in the lower part of the Newark Basin and the initiﬁlmcorg shift (extinction level) (= ICIE)

Blue Lias. MoreovelC. thiegartii has been reported from lowermost can be traced from the marine to the terrestrial realm and is found in

Liassic sediments in the Germaridassic Basin in the Mariental  the topmost sediments below the base of the oldest Moroccan basalt.

core 1 (van de Schootbrugge et al., 2009; Heunisch et al., 2010) an@iheT-J boundary is located by Deenen et al. (3020 ka above the

in the Kamien Pomorski core in Poland (Pienkowsky et al., 2012), ininitial isotope shift. The main period of CAMHAnagmatism is

high latitudes, Greenland (Pederson and Lund, 1980; Mander et alsuggested to extend over ~1.5 Ma (Nomade et al., 280@hger

2010, 2013) and Sverdrup Basin (Suneby and Hills, 1988) and in theluration for volcanism is ifmed byVerati et al. (2007) for Morocco

centralTethys realm, thélborz Mountains in Iran (Achilles et al., as compared for NortAmerica. Blackburn et al. (2013) presented

1984). new geochronologic data on the age and duration gt dhelcanism
However in the eastern Northmerica basins there is presently within CAMP. Seven sites in eastern No#lmerica and one in

no palynological event known that correlates withThkeboundary Morocco were investigatedhe chronology proved the synchroneity

The prominent palynofloral turnovewhich marks the base of the between the earliest volcanism and terrestrial extinciibe.release

Classopolligpollen assemblage zone, appears to be of latest Rhaetianf magma occurred in four pulses over about 600 Tae

age (e.gWhiteside et al., 2010 and further discussion below). For astrochronologic time scale is said to be provés: oldest CAMP

the southern hemisphere palynostratigraphic subdivisions of the Lateolcanites are said to be found in MorocEle terrestrial endfiassic

Triassic andT-J transition have been documented in a number of extinction is dated with 201.564 k&n exact radiometric date seems

palynological studies iAustralia (e.g. Dolby and Balme, 1976; Helby to be realistic to within 100 k&n exact biostratigraphic correlation

et al., 1987; Brenned992; Backhouse and Balme, 2002; Grice et between terrestrial and marine realms up to now is not possible

al., 2005). In this region, Hettangian pollen assemblages are dominate(Blackburn et al, 2013).

by Classopollis But a correlation of the base of tlfiassopollis

torosuszone with thel-J boundary level as defined by th&lFof a) Eastern NortAmerica

Ps. spelags not well constrained. By contrast, in New Zealand an

acme ofClassopolliss not present but the lowermost Jurassic pollen The Newark Supegroup is developed in several rift basins

zone, the HettangiaRetritriletes austclavatiditeszone is mainly along the eastern coast of the Unitedt&s, which were formed in

dominated by spores (De Jersey and Rain, 189€)).in this region Late Triassic and Early Jurassic times when Altlantic began to

the exact correlation of the base of this pollen zone withTthe  open.The Newark Supgroup consists of fluvial sediments with

ammonoid biochronology is yet not well constrained (De Jersey andacustrine and volcanic intercalations. Basalts of the Cektteaitic

Rain, 1990). Howeveiseveral palynological studies (e.g, Foster et Magmatic Province (CAMP) start in the topmasiassic or lower

al., 1994; Buratti and Cirilli, 2007) showed that Lateassic most Jurassic, depending on presumed correlations (Schoene et al.,

microfloral assemblages alongside the westethys magin show 2010).

some characteristic similarities with the microfloral assemblages in ~ The Newark Supgroup is extremely thick (up to 6 kilometers).

the NW-Australia described as the Onslow microflora by Dolby and Although dinosaur footprints are common, body fossils of terrestrial

Balme (1976)Therefore it may be possible to establish supra-regional vertebrates are rare. In lacustrine sediments, fossil fishes are sometimes

palynostratigraphic correlations across Thétransition but further ~ frequent. Palynomorphs and conchostracans were used as

detailed fine resolution studies are needed. biostratigraphic tools. Until a few years ago, Thé boundary was
drawn immediately below the first basalt flow with the beginning of
3. Central Atlantic Magmatic Province the palynofloralC. meyerianazone (Cornet, 1977). Recentife

integration of new cyclostratigraphic, palaesomagnetic, geochemical
(CAMP) and T-J boundary and palynological evidence has been used to constrain the position

During the past years, evidence has been collected supportingf theT-J boundary in the Newark Basin (Lucas et al., 2007; Deenen
the idea that the endriBissic biotic crisis is linked with the et al., 2010; Ruhl et al., 20108)he new data indicate that tfie)
environmental changes associated with a major volcanic event, théoundary is positioned between the Orange Mtddtt and the
CentralAtlantic Magmatic Province (e.g. Blackburn et al., 2013, Bonis Preakness/Holyoke basalts in the continental Newark and Hartford
and Kirschner2012; Deenen et al., 2DIMarzoli et al, 2004, 2006,  basins.These findings are in agreement with biostratigraphic data
2008, 201; Ruhl et al., 201; Whiteside et al., 2007, 2008, 2010). based on conchostracans, which are said to fiXth&oundary at
Radiometric dating of both events resulted in corresponding agesthe base of thBulbilimnadia shenzone, which lies within the Newark
The CAMP is an extensive and relatively short magmatic event. Inextrusive zone (Kozur and/eems 2005, 2010) and palynological
particular the Newark Basin and other basins of northeastern Nortldata from the Fundy Basin (Cirilli et al., 2009). Investigations on
America and basins of Northwestern Morocco provided many dataradioisotopes from a basal basalt yielded an age of 201.27+0.06 Ma
and were studied in detail. Correlations between ttierdiit CAMP (Schoene et al., 2006) and more recently of 200.1+0.9 Ma (Jourdan
basins and marine basins were made, whidhrdif part (Deenen et  etal., 2009). New radiometric data of the Newark and Culpeper basins
al., 201; Marzoli et al., 2008, 2a1 Whiteside et al., 2007, 2008, were presented by Marzoli et al. (201ig. 2).The Orange Mt. basalt
2010). Deenen et al. (2010, 2)Elaborated a detail@dans-Atlantic (lowest volcanite of the Newark Basin) was dated with a radioisotopic
CAMP correlation using cyclostratigraptpalaeomagnetism, basalt age of 201.6+1.4.Ma and an intruded sill of this basalt was dated by
geochemistryand carbon isotope chemistBesides a correlation  Blackburn et al. (2013) with an age of 201.52 +0,034 Ma. Cirilli et
between the terrestrial and marine (United Kingdom) realm, aal. (2009, fig. 2) correlated the tifent basins of eastern North
chronostratigraphic time frame for the endagsic extinction was  America.A correlation of the Newark Basin and mariné sections
provided. Deenen et al. (2D)lconcluded that the onset of CAMP  was also provided bwhiteside et al. (2010).
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b) Morocco b. SouthAmerica(Fig. 22)

The CAMPvolcanics of thé\rganaValley and the Central High The Chilingote section in the Utcubamba valley of Northern Peru
Atlas of Morocco are underlain by a thick continental clastic was proposed as GS$&ndidate for th&-J boundary (Hillebrandt,
succession of cyclical playa sediments where red beds predominatd.997; the proposal was withdrawn 2008).Chilingote, the first
In the upper part (described in detail by Hofmann et al., 2000) theHettangian ammonite bed is characterized by a spedrssloteras,
cycles commonly comprise ephemeral lakes or dry playa mudflatwhich is distinguished frofRsiloceras tiimannby a steeper umbilical
deposits, saline mudflat mudstones, overlain by sheet flows andvall. In this bed,Odoghertycerasalso occurs. Below this bed,
aeolian sandstones. Four basaltic units are distinguidtedend radiolarians transitional to basal Hettangian forms occur with just a
Triassic extinction and and the first basaltic lava flow are said to befew Rhaetian holdovers. Probably the radiolarian turnover is older
isochronic according to Blackburn et al. (20I3)e third lava flow than the ammonite turnover (Lucas et al., 208Byve follow several
was dated with 201.564 +0.054 Ma. beds withPsiloceras tilmanns.stt

Palynomorphs immediately below the lower basalt were dated  There are other compl€efe) boundary sections in the Utcubamba
by Cirilli et al. (2009) as probably Jurassic andTideboundary was  valley (Hillebrandt, 2000a) but ammonites are mostly compressed
drawn with question mark at this level. Deenen et al. (2010) alsoand not yet studied in detail. Recently (Schaltegger et al., 2008)
studied the palynomorphs of thegana Basin and came to the result discoveredPsilocerascf. spelaenear a section described by
that due to the very low number and poor preservation of theHillebrandt (1994, 2000a)Psilocerascf. spelae(unfortunately
palynomorphs they are of limited use for correlation purposes.compressed) was found abo@horistoceras crickmayand 10 m
Hofmann et al. (2000, fig. 7) indicate conchostracans, which perhap$elowPsiloceras tilmanniThe Utcubamba valley eventually could

may be of use for a correlation with Noftimerica (Kozur anéiVeems, provide a correlation of ammonite and radiolarian biostratigraphy

2005, 2010). within the boundary interval. Schaltegger et al. (2008), Schoene et
al. (2010), and Guex et al. (2012) dated several ash beds in this section

4. \WesternAmericas (Figs. 22, 27) and state an age for the base of the Jurassic between 201.35+0.10 and
201.26+0.13 Ma.

a) NorthAmerica Other T-J boundary sections are found in northern Chile

(Hillebrandt, 2000a) but earliest Hettangian ammonites are missing.

T-J boundary sections with the most complete ammonite recordThe oldest ammonite level (Primocostatum Zone in Hillebrandt,
were described from the NeYork Canyon (Nevada, USA) (Guex, 2000b) can be correlated with a part of Bisloceras polymorphum
1995; Guex et al., 1997, 1998, 2002, 2003; Lucagander 2007). Zone in Nevada and the Planorbis and Calliphyllum zones in Europe
The sections were proposed in various wayg-adoundary GSSP  (Fig. 22).
(initial negative isotope excursion: McRoberts et al., 2007 or the FO
of Psiloceras Guex et al., 1998, 2009). 5. Tibet

The proposed GSSP horizon of Guex et al. (1998) with the FO of
Psiloceras spelaspelaeas boundary event can be correlated with Yin et al. (2007) described from southéfibet (Germig) two
ammonite level (2) of the Karwendel synclideamonite levels (3a  sections rich in megafossil&mmonite beds allow a detailed
and b) of Kuhjoch and especially Ochsentaljoch probably have nobiostratigraphic subdivision in Lafériassic (Rhaetian) and Early
counterpart in Nevaddalhe beds withChoristoceras minutum,  Jurassic (Hettangian) ammonite zones and subzdmesnearby
Odoghetyceras deweveri, Psiloceras nsauxi P. timanniand cf. sections (Aand B) were measured and correlaféte Late Rhaetian
Neophyllites’.2 m abové. spelaemay be correlated with ammonite  Marshi Zone was proved with €éfrent species a@horistocerasand
level (4), 6 m above. spelae tiolicumat Kuhjochbut choristoceratids ~ Eopsiloceraqlevel B1) Above this zone was distinguished a zone
and psiloceratids similar ®siloceras marouxido not occur in the ~ namedribeticum Zone and said to be of earlied Hettangian age. Level
Hettangian of Europeand the determination of théeophyllites B2 (section B) is located some meters above level B1 and contains a
(without suture line and whorl section not preserved) is doubtful. new species dChoristocergC. nyalamenseand a small specimen
Ammonite level (4a) of the Hochalplgraben section probably lies in determined adleophyllitessp.indet..This specimen has a corroded
the range of the beds witPsiloceras pacificunin Nevada.The suture line and also could bePailoceras.In the authors (A.W.)
pelecypoddgerchlamysoccurs slightly earlier thaPsiloceras spelae  opinion level B2 withC. nyalamens®elongs to the Late Rhaetian
mirroring the situation in the NCA. Hettangian microfossils of Marshi Zone. LeveAl (sectionA) of this zone is characterized by
biostratigraphic value were not yet fodindhe Nevada sections. the new specieBsiloceras tibeticum, Rhacophyllitasd a specimen

The section underwent contact metamorphism and it is not cleadetermined agopsilocerasThis specimen is a latex cast without
how much theimcorgcurve may have beenfefted and/or changed. suture line and diicult to determine, even on generic level.

Carter andlipper (1999) proposed another candidate GBEP  tibeticumbelongs to the. calliphyllumgroup with deeply indentated
theT-J boundary in a section at Kunga Island (Queen Charlotte Islandsand retracted suture linéheTibetian leveAl is the first ammonite
Canada) where the base of the Jurassic was defined by the firdtorizon of Jurassic age bRttibeticumdoes not belong to the oldest
occurrence of Hettangian radiolarians of @@noptum merunone Psiloceraslike P. spelaeor theP. tiimannigroup. One meter above
(Carter and Hori, 2005\ny exact correlation with other fossil groups  levelAl was found leveA2 with Neophyllitecf. biptychusa genus
(e.g. ammonites) is impossible over an interval from 15 m below tofound in NWEurope beloviP. planorbis.Levels withP. calliphyllum
about 6 m above the proposed boundary léveloncomitant and occur in Germig at both sectionEhis species characterizes the
pronounced negativémcOrg anomaly is used as correlation tool to Calliphyllumbed of the NCA and lies at the GSSP 18 m above the
other sections (‘&fd et al., 2007. T-J boundaryAt Germig is missung the entifémanni Zone.
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the pre-Planorbis Beds of England as well as from coeval sediments

Isotope and Cyclo-&atigraphy written by m. T _
of the easteriiethyan Realm and the East Pacific Province.

Ruhl andw.M. Kirschney

The sedimentary sequence of the Rhaetian Késsen Fm. is mafke@onclusions
by a distinct change from alternating limestone beds and marls to
clays and marls. In the western EipBasin the cyclicity of the Késsen The selected Globalt@totype Section and Point matches the
Formation has been described in the Ejpgquarry based on requirements of ICS for a GSSPe Kuhjoch section &rs not only
palynological data but no frequency analysis was applied (Holstein,a well-exposed boundary section but also an outcrop with a continuous
2004). Cyclostratigraphic analysis of tie boundary interval has  sequence of sediments of Latdassic and Jurassic age, which is
not been performed because long continuous outcrops suitable fosome hundreds of meters thidkhe proposed-J boundary section
quantitative cyclostratigraphic analysis have not yet been found in(~ 25 m thick) shows a high sedimentation rate with continuous
the Eibeg Basin. Howeverphysical and chemical proxy records sedimentation and no condensation in the proximity of the boundary
covering the uppermodiriassic and lowermost Jurassic marine level. The sedimentation rate is high enough to show well-separated
successions oftSAudrie’s Bay and East Quantoxhead (UK) have short-lived successive events. Synsedimentary disturbances are
been used to establish a floating astronomical time-scale of aboumissing and only minor tectonic overprint disrupts the sedimentary
2.5 Ma (Ruhl et al., 2010b). Based on these findings, the extinctionsequenceThe fossils are very well preserved (aragonitic shells) and
interval coinciding with the initial negative C-isotope excursion different groups of macro- and microfossils are found indicating a
represents 1-2 precession cycles (about 20-40 ka), while the recovenyell-oxygenated, open marine environment. No vertical facies changes
interval preceeding the first Jurassic ammonite is confined to 6affect the boundary levelhe boundary can be traced over 10 km
precession cycles (about 120 Kéhese findings are in agreement parallel to the strike of the basin and some kilometers vertical to its
(within the analytical error) with radiometric age assessments of astaxis.The primary boundary marke®. Spelag has a low palaeolatitude
beds inT-J boundary sections in Peru and N-America (Schoene etglobal distribution and a short vertical range. Other fossil groups
al., 2010). (bivalves, foraminifers, ostracods, dinoflagellates) allow correlation

Several studies (Kurschner et al., 2007; Bonis et al., 2009; Ruhlith marine sections where ammonites are lacking. Firtalisestrial
et al., 2009) have confirmed the use of C-isotope stratigraphy forpalynomorphs (FO aEerebropollenites thiggartii andlschyosporites
high-resolution correlation dtJ boundary sections within the Eiger ~ variegatu$ bridge the barrier to the non-marine realnwell-
Basin.The interval of the endfigssic mass extinction is characterized differentiateoPCOrg curve with two pronounced excursions provides
by a distinct negative C-isotope excursion, which is also referred toadditional constraints for correlation with otfiel boundary sections.
the initial negative carbon isotope excursion. Correlation of the C-
isotope record across the extinction interval in marine records of thefable 1: Summary of the requiremesiof the International Commission ont@tigraphy
Eiberg Basin to § Audrie’s Bay (UK) (Kiirschner et al., 2007; Ruhl for the Kuhjoch Section as base of the Jurassic (T/J boundary) and candidate GSSP
et al., 2009; Ruhl and Kirschn2011) and outside Europe (Guex et
al., 2004 Ward et al., 2007) is relatively straightforwafthe base of
the Hettangian, as defined by the F®sf spelae tolicum, coincides
with a second, longer lasting ‘main’ negative C-isotope excursion,
which can be used as an independent correlation tool.

The requirements for a
GSSP (ICS)

Kuhjoch Section
(Western Karwendel,
Tyrol, Austria)

GEOLOGICAL REQUIREMENTS
Exposure over an adequate thickness

Continuous sedimentation. No gaps or
condensation close to the boundary

Rate of sedimentation

Yes
Yes

At least 50 cm for spelae horizon

H and 10 m for Tilmanni Zone
Pal anblogeog raphy Absence of synsedimentary and tectonic Yes
e disturbances near boundary level
. Ar.ound theTTJ boundarythe NQAundement a distinct change  ["Apcerce of metamorphism and strong Yos
in their palaeobiogeographic relations from a typitzthyan to an diagenetic alteration
intermediate position betwed@gthys and Northwestern Eurofiéne BIOSTRATGRAPHIC REQUIREMENTS
NCA (including the Eibey Basin) were then situated between the | Abundance and diversity of well Yes
preserved fossils
Euroboreal .Realm of Northwestern_ Eu.rope andTétbyan Reglm Absence of vertical facies changes ator | Yes
of the Mediterranean and were fdifentiated as aAustroalpine near the boundary
Province before the opening of the Ligurian-Penninic ocean and the Favorable facies for long-range Yes

biostratigraphic correlations

separation of thAdriatic microplate (Blau, 1998 horistocerass
a typical low palaeolatitud@ethyan-Panthalassian faunal element

OTHER METHODS

and the psiloceratids of théefengraben Member must also have

Radio-isotopic dating

No information

immigrated from theTethyan Realm since they are not found in
northwestern Europe. Only a direct faunal exchange between th

westernTethys and the Panthalassa Ocean can explain the presen
of the East Pacific ammonite®giloceras spelae, Psiloceras.

Magnetostratigraphy No result thus far
Chemostratigraphy Yes (8°°C,,and C,)

3] (further geochemical

Lo investigations planned)
Sequence stratigraphy Yes

OTHER REQUIREMENTS

pacificum) in theAlps. The first obvious ammonite links to the
Euroboreal are younger and date to the time of the Calliphyllum Zone

GSSP indicated by a permanent fixed
marker

Yes (at section Kuhjoch East)

The bivalveAgecchlamyss found in thélethyan Realm and the East

Physical and logistical accessibility

Yes, driving permit from
Osterreichische Bundesforste

Pacific Province. Ostracods and foraminifers show relations to th

Free access for research

Yes

Tethyan and the Euroboreal Realm. Calcareous nannoplankton i

Permanent protection of the site

not suitable for biogeographic comparisons as it is unknown from

Yes, natural reserve
(Karwendel Naturpark)
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