
Cretaceous Research (2002) 23, 15–24
doi:10.1006/cres.2001.0303, available online at http://www.idealibrary.com on
In situ finds of aptychi in the Barremian of the
Alpine Lower Cretaceous (Northern Calcareous
Alps, Upper Austria)

*A. Lukeneder and †K. Tanabe

*Institute of Paleontology, Geozentrum, University of Vienna, Althanstrasse 14, A-1090 Wien, Austria
†Department of Earth and Planetary Sciences, Graduate School of Science, University of Tokyo, Hongo 7-3-1,
Tokyo 113-0033, Japan

Revised manuscript accepted 10 December 2001

Lower Barremian deposits (KB1-B) of Upper Austria yield some extraordinarily preserved ammonoids with Lamellaptychus-
type lower jaws in their body chambers. The ammonoids with in situ lower jaws are referable to Karsteniceras ternbergense sp.
nov. This new occurrence was detected during palaeoecological and sedimentological studies at an outcrop in the Ternberg
Nappe in Upper Austria. The jaw apparatuses are found in situ or in an isolated condition but are associated with a
mass-occurrence of the genus Karsteniceras, which contributes 91% of the total ammonite fauna. Most of the lower jaws are
flattened, but their characteristic mode of occurrence with conchs of the Tethyan ammonoid Karsteniceras allows their use as
indicators of palaeobiogeography, palaeobathymetry and palaeoecology. � 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Cephalopods develop highly complex jaw apparatuses
consisting of a radula and an upper and a lower
element, the beaks or mandibles. These organic,
horny, hard structures are situated within the buccal
mass in the proximal portion of the digestive system,
reflecting various specialised modes of feeding
(Nixon, 1988; Tanabe & Fukuda, 1999). The
presence of a well-developed buccal mass in extant
cephalopods is closely related to their predatory habits
as active carnivores.

Recent discoveries reported in this paper concern-
ing in situ finds of jaw apparatuses, which accumu-
lated on the sea floor in low energy (no bottom
currents) and dysaerobic conditions that hindered
predators from isolating jaws from the shell, should
throw light on new jaw/shell associations in Lower
Cretaceous sediments.
0195–6671/02/$35.00/0
Syncline of the Reichraming Nappe (Northern
Calcareous Alps). In the Reichraming Nappe, Upper
Valanginian cephalopod-bearing deposits have been
recorded in two different facies, the Rossfeld and the
Schrambach formations. The Rossfeld Formation,
which is found only in the southern part of the nappe,
represents a southerly derived synorogenic turbidite
deposit. The Schrambach Formation, occurring
in the northern part of the nappe, comprises deep-
water limestones, with, from the Upper Valanginian
upwards, distal turbiditic intercalations.
2. Geological setting

The Losenstein Syncline is situated in the southern-
most part of the Ternberg Nappe of the Northern
Calcareous Alps (Figure 1). Directly to the south
lies the Schneeberg Syncline and then the Ebenforst
3. Material and mode of fossil preservation

About five calcified lower jaws (plus horny parts) of
Lamellaptychus-type appearance were found in split
samples of the Lower Barremian black to dark grey,
laminated limestones of Upper Austria. The morpho-
type described fits well with morphogroup 5 of
Tanabe & Landman (in press, text-figs 3, 5). These
aptychus-type jaws show long commissures and gently
arched anterior margins. They are attributed to
Cretaceous heteromorphs.

All of the specimens derive from two separate
beds: Karsteniceras level KB1-B, Karsteniceras
horizons 18 and 22 (Figure 2). The rather large
� 2002 Elsevier Science Ltd. All rights reserved.
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sample yielded five aptychi associated with the
ammonite Karsteniceras ternbergense sp. nov. along
with numerous other ammonites and inoceramids (see
section). The lower jaws were found in quite different
stages of preservation. In some cases the wings are
fragmented and/or isolated. The in situ specimens
show a significant double-wing preservation. Some
have been crushed through sediment compaction.
disseminated throughout such organic-rich marl-
stones and calcareous shales.

The calcium carbonate contents (CaCO3 equiva-
lents calculated from total inorganic carbon) vary
between 66 and 80% and show a negative correlation
with the TOC (Total Organic Carbon)-values within
the Karstenicerashorizon if all samples are regarded.
The weight % TOC values vary between 1.6 and
4.6%. The total sulphur content shows an extremely
positive correlation with the TOC values. The maxi-
mum amount of 4.6% TOC corresponds to the maxi-
mum sulphur content of 18.0 mg/g. The amounts in
the strata below and above the Karsteniceras-bearing
beds vary from 78 to 90% CaCO3, 0.01 to 0.7% TOC
and 3.3 to 1.0 mg/g sulphur.

The laminated appearence of the rock is a result
of wispy, discontinous, flaser-like laminae of dark
(organic) material and some sorting of radiolarian and
foraminiferal tests into layers. Tests of radiolarians
and foraminifers have been partly to completely
replaced and filled with silica in a micritic carbonate
matrix.

The laminae range in thickness from 0.07–0.1 mm
to 0.7–2.4 mm. Contacts between them are gra-
dational to sharp. Phosphatic debris is abundant and
consists mainly of fish scales, bones and teeth.
4. Lithology

The Schrambach Formation is intercalated with platy
and laminated grey to black Karsteniceras-bearing beds
(Figure 2). These begin with fairly well-developed
lamination and a conspicuous CaCO3 content (up to
80%), mainly owing to the dominance of Nannoconus.
The fabric is laminated but partly destroyed by bio-
turbation (mostly small Chondrites-type burrows, rare
Planolites-tubes; intrafaunal biofacies levels 3–4 after
Arthur & Sageman, 1994; taphofacies type 7 after
Brett & Baird, 1986). Brett & Baird (1986) coined
the term taphofacies for sedimentary rocks character-
ized by particular, sometimes unique, combinations
of preservational features that are the result of
similar taphonomic pathways. As observed by
Wagreich & Sachsenhofer (1999), pyrite is finely
Figure 1. Position of the section investigated, KB1 (KB1-B), along a stream outcrop. Inset map shows the geological setting
and the geographic position of the study area.
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Laminated brown–black mudstone is rich in organic
carbon. Dark material is wispy amorphous organic
matter. Pale areas are laminae of flattened radiolaria
now replaced by microcrystalline chalcedony.

The laminated sediments are rich in pyritic nodules
and fish remains, and mostly black. Common associ-
ated specimens are Inoceramus. The ratios of plank-
tonic foraminifers (mostly rare), and Inoceramus
prisms vary.
5. Biostratigraphy

The Karsteniceras level at Trattenbach (KB1-B) yields
biostratigraphically important taxa such as Barremites
(Barremites) cf. difficilis, Pulchellia sp., Holcodiscus sp.
and Karsteniceras ternbergense sp. nov. Owing to the
occurrence of Moutoniceras moutonianum (d’Orbigny,
1850), the Karsteniceras-bearing beds in the
Schrambach Formation belong to the Moutoniceras
moutonianum ammonite Zone of the uppermost Lower
Barremian (Company et al. 1995; Hoedemaeker &
Rawson 2000; Lukeneder 2001).
6. Systematic palaeontology

The material examined is deposited in the palaeonto-
logical collection of the Natural History Museum,
Vienna, Austria.
Conventions. The standard dimensions for normally
coiled ammonites are given in millimetres and as
percentages of the diameter. The following abbrevi-
ations have been used: max D, shell diameter; max
WH, whorl height; max WB, whorl breadth; U,
umbilical width; NHMW, Museum of Natural
History Vienna; IPV, Institute of Palaeontology
Vienna. We follow the classification of the Cretaceous
Ammonoidea by Wright et al. (1996).
Figure 2. Stratigraphic log of the Karsteniceras horizons (18 and 22) investigated and ammonite occurrences.
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The terminology of coleoid jaws of Clarke (1962) as
applied by Kanie et al. (1978, text-fig. 1), Tanabe
et al. (1980, text-fig. 1) and Tanabe (1983; text-fig. 1)
is used: ML, maximum length of wing; DW, diameter
of the wing; RA, angle between crests forming the
rostrum. The term symphysis for the median line is
after Arkell (1957, fig. 556) for ‘harmonic margin’
(Trauth’s ‘Harmonilinie’; Trauth, 1927). Aptychi are
currently interpreted as paired winged calcitic ele-
ments of ammonoid lower jaws with a secondary
function as opercula (Lehmann & Kulicki 1990;
Seilacher 1993).

Order: Ammonoidea Zittel, 1884
Suborder: Ancyloceratina Wiedmann, 1966
Superfamily: Ancylocerataceae Gill, 1871
Family: Ancyloceratidae Gill, 1871
Subfamily: Leptoceratodinae Thieuloy, 1966
Genus Karsteniceras Royo & Gomez, 1945

Type species. Ancyloceras beyrichi Karsten, 1858

Karsteniceras ternbergense sp. nov.
Figures 3–7
Derivation of name After the small town of Ternberg
near the locality investigated (see Figure 1).
Holotype. Specimen illustrated in Figure 3A;
2001z0170/0001.
Paratypes. Specimens in Figures 3B, C–6; 2001z0170/
0003 and 2001z0170/0005, respectively.
Shells
Material. Three hundred crushed and mainly pyritized
specimens (sculpture moulds) with perfectly pre-
served sculpture were found (IPV/2001/Ka0001–
0300). Most of the specimens are observable on one
side only, and most retain perfect conch outlines
without any trace of fragmentation. The embryonal
part of the shell is not visible and the ventral area can
just be observed in a few specimens. Owing to the
mode of preservation, the suture line is not visible.

The shells described are relatively large, which
might indicate the presence of the body chamber or,
alternatively, their adult stage of growth. However the
lack of suture lines does not allow confirmation of this.
Within four of them, the aptychi are in situ. This
relatively small number is a result of the special
breakage of the specimens described, which show
ammonite-aptychi associations. The upper part of the
steinkern broke away during preparation whereas
the lower part with the jaws in it is visible on the
counterpart.
Locality. Karsteniceras level, beds 18 and 20. All speci-
mens are from KB1 (SSE Trattenbach). According to
Lukeneder (1997, 1998, 1999, 2001) the section lies
7 km west of Losenstein, 1 km south of Kienberg in
the Ternberg Nappe (Upper Austria; GPS data: N
47�54�33�, E 14�21�10�; see Figure 1).
Description. Small, criocone coiled shells with prob-
ably a weak torsion. The sculpture comprises
relatively dense, sharp and simple ribs. The suture line
is not preserved. The largest specimen reaches a
diameter of 37 mm. Simple, sharp, uniform ribs cross
the venter without ventral depression or furrow. No
tubercles present.

Adult specimens comprising body chambers show
3–4 thickened main ribs on the final part of the body
chamber (last 2–3 cm). The main ribs begin at a WH
of 4 mm and continue to the maximium WH of 6 mm.
The main ribs are twice as thick as normal ribs and
alternate with 2–4 less pronounced ribs. The first
whorl is smooth, but becomes ribbed at WH
1–1.5 mm (visible just in two specimens).

The coiling is highly variable. The spire becomes
criocone after the advolute embryonal stage. Some
specimens become advolute in the middle of one
whorl and revert to a criocone whorl later. A
few specimens seem to be advolute over most
whorl-distance.

At D=20 mm the following measurements were
made: WH, 5 mm; WB, 1 mm; U, 12 mm; 46 ribs per
whorl.
Figure 3. A, holotype of Karsteniceras ternbergense sp. nov.;
�1.6. B, paratype; �1.2. C, paratype; �1.4. Note
the thickened main ribs on the last third of the whorls
(body chamber) alternating with three or four less
pronounced ribs.
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Remarks. The specimens described differ from all
other descendant species of the genus Karsteniceras in
having clear, distinct main ribs on the body chamber
of adult specimens. The whorl section is probably
round to oval. The ribs are uniform and simple on the
phragmocone and two to three times thicker than the
intervals. On the body chamber ribbing becomes less
crowded.

The simple ribs are first rursiradiate to rectiradiate,
then change to prorsiradiate near the border of the
mouth. Detailed discussion of Karsteniceras and its
species will be considered elsewhere (Lukeneder, in
prep.).
Measurements. See Table 1.
Occurrence. As noted earlier, Karsteniceras ternbergense
sp. nov. has been found at two horizons, of Early
Barremian age, in the KB1 section of the Ternberg
Nappe (Upper Austria, Northern Calcareous Alps).
The same level is probably observable some 150 km
east in the Lunz Nappe (Sparbach, Northern Calcar-
eous Alps). The extreme density of Karsteniceras speci-
mens in the Karsteniceras horizons, has never been
reported previously. An occurrence of the genus in the
Barremian of the Breggia Gorge, southern Switzerland
(pers. obs.), shows some similarities in the field occur-
rence, but not in the density of specimens.
Jaw apparatuses
Material. Five lower jaws (positive and negative
counterparts), each of which is preserved in a body
chamber of Karsteniceras from the Karsteniceras
horizons.
Preservation. The lower jaws are preserved as double-
winged (Ka1/apt, Ka2/apt, Ka3/apt and Ka-/apt) or
isolated specimens, with a strongly ribbed calcitic
layer (Figure 7C), accompanied by a second, smooth,
black, organic layer. This black, shiny organic matter
has presumably diagenetically replaced chitin. It is
preserved at least on the rostrum of most of the
specimens. The maximum size of the jaws ranges from
2 to 4.5 mm. Most of the in situ lower jaws were found
at a distance of c. 1–1.5 cm from the aperture in the
last whorl (Figures 4–7). The remains shown in
Table 1. Measurements of the Karsteniceras specimens
bearing in situ aptychi.

max D max WH max WB Figures

Ka1 13 3.5 1 4A, 5A, B
Ka2 20 4 2 4B, 6A, B
Ka3 20 3.5 1.5 4C, 5C–F
Ka4 11 2.5 1 4D, 6C–F
Figure 4. Aptychi and their position within the ammonite
Karsteniceras ternbergense sp. nov. A, Ka1 and Ka1/apt;
B, Ka2 and Ka2/apt; C, Ka 3 and Ka3/apt; D, Ka4 and
Ka4/apt; E, Ka-/apt; F, aptychi.
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Figure 5. A, well-preserved, double-winged lower jaw (negative) in situ, with black organic matter on the anterior margin,
Ka1 and Ka1/apt; �6. B, enlargement of A; Ka1/apt; �28. C, deformed double-winged lower jaw (positive) in situ,
with calcitic layers, Ka.3. and Ka3/apt; �10. D, enlargement of C, Ka3/apt; �35. E, negative of C; �10. F, specimen
in E at higher magnification; �35.
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Figure 6. A, well-preserved, double-winged lower jaw (positive) in situ, with black organic matter on the anterior margin,
Ka2 and Ka2/apt; �8. B, specimen in A at higher magnification, Ka2/apt, �14. C, double-winged lower jaw (positive)
in situ, with black organic matter on the anterior margin, Ka4 and Ka4/apt; �8. D, specimen in C at higher
mangification Ka4/apt; �24. E, negative of C; �8. F, specimen in E at higher magnification; �24.
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Figures 4 and 5 seem to be articulated and com-
pressed lower and upper jaws. The organic, black,
arrow-like specimen in Figures 4F and 7C and D are
most probably remnants of an upper jaw coupled with
a single-winged lower jaw.
Description. Most of the lower jaws investigated are
double-winged and bilaterally symmetrical. The
double-winged ones are spread out but in tight con-
tact at the symphysis. The general shape of the wings
is ‘mytiloidiform’ (see Summesberger et al., 1996).
The obtuse angle of the rostrum, modified by com-
paction, varies between c. 45 and 70�. These differ-
ences are explained by deformation after compaction.
One lower jaw is not crushed but dislocated at
the symphysis. The wing portion is ornamented by
concentric ribbing (undulation) (7–8 per wing) at
more or less equal distances crossing the wings parallel
to the posterior rim.
Measurements. The maximum length of the wings is
4.5 mm. The maximum diameter of a single wing
is 2 mm (Table 2).
7. Discussion

The problem of the correct correlation of isolated
jaw elements and shells has been solved for several
ammonite species within the Cretaceous (mostly Up-
per Cretaceous) genera Aconeceras, Baculites, Dames-
ites, Discoscaphites, Gaudryceras, Hoploscaphites,
Jeletzkytes, Menuites, Placenticera, Phyllopachyceras,
Polyptychoceras, Reesidites, Rhaebdoceas, Scalarites,
Scaphites, Sciponoceras, Supptychoceras, Tetragonites,
Figure 7. A, well-preserved, double-winged lower jaw (positive) in situ, with preserved calcitic layer, Ka-/apt; �12.5. B,
negative of A, with black organic matter on the anterior margin. C, poorly preserved, single-winged lower jaw (positive)
associated with black organic? remnants of an upper jaw (Figures 3, 6); �3. D, specimen in C at higher magnification;
�7.
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Tragodesmoceratoides and Yezoites (Lehmann, 1978;
Tanabe et al., 1980; Kanie, 1982, Summesberger et al.
1996, Tanabe & Fukuda, 1999; for literature sources
and detailed description, see Tanabe & Landman,
in press).

Low energy on the sea floor (absence of bottom
currents) and dysaerobic conditions, which prevented
predators from isolating the shells from the jaw
apparatuses, led to the extraordinary preservation
of the ammonite conch-jaw association. These ex-
ceptional preservational features are typical for
‘Konservat-Lagerstätten’ or ‘Stagnate’ (Seilacher
et al., 1976), which always show exceptional preser-
vation, either of articulated hard parts or soft body
preservation.

According to the interpretations of the authors cited
above, the aptychi described herein are ammonite
lower jaws. The positions of the lower jaw in the body
chamber of the ammonite Karsteniceras clearly indi-
cate that the dead ammonite bodies were not sub-
jected to long post-mortem drift but rapidly became
waterlogged and sank to the sea floor. This interpret-
ation is consistent with geochemical, sedimentological
and faunal data on the Karsteniceras horizons.
Hoedemaeker (Naturalis, Leiden), for their thought-
ful and valuable comments which were made on a
later version of this paper.
References

Arkell, W. J. 1957. Aptychi. In Treatise on invertebrate paleon-
tology, Part L, Mollusca 4 (Ammonoidea) (ed. Moore, R. C.),
pp. 437–440 (Geological Society of America, Boulder and
University of Kansas Press, Lawrence).

Arthur, M. A. & Sageman, B. B. 1994. Marine black shales:
depositional mechanisms and environments of ancient deposits.
Annual Review of Earth and Planetary Sciences 22, 499–551.

Brett, C. E. & Baird, G. C. 1986. Comparative taphonomy: a key to
paleoenvironmental interpretation based on fossil preservation.
Palaios 1, 207–227.

Clarke, M. R. 1962. The identification of cephalopod beaks and the
relationship between beak size and total body weight. Bulletin of
the British Museum (Natural History), Zoology 8, 417–480.

Company, M., Sandoval, J. & Tavera, J. M. 1995. Lower
Barremian ammonite biostratigraphy in the Subbetic Domain
(Betic Cordillera, southern Spain). Cretaceous Research 16,
243–256.

Hoedemaeker, P. J. & Rawson, P. F. 2000. Report on the 5th
International Workshop of the Lower Cretaceous Cephalopod
Team (Vienna, 5 September 2000). Cretaceous Research 21,
857–860.

Kanie, Y. 1982. Cretaceous tetragonitid ammonite jaws: a compari-
son with modern Nautilus jaws. Transactions and Proceedings of the
Palaeontological Society of Japan 125, 239–258.

Kanie, Y., Tanabe, K., Fukuda, Y., Hirano, H. & Obata, I. 1978.
Preliminary study of jaw apparatus in some late Cretaceous
ammonites from Japan and Sakhalin. Journal of the Geoical Society
of Japan 84, 629–631.

Lehmann, U. 1978. U} ber den Kieferapparat von Ammoniten
der gattung Parkinsonia. Mitteilungen des Geologischen und
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Annalen des Naturhistorischen Museums Wien 101 (A), 137–143.

Lukeneder, A. 2001. Siphuncle structures in Barremian (Lower
Cretaceous) ammonites from Austria. Annalen des Naturhistor-
ischen Museums Wien 102 (A), 69–83.

Nixon, M. 1988. The buccal mass of fossil and recent cephalopoda.
In The Mollusca, 12. Paleontology and neontology of cephalopods (eds
Clarke, M. R. & Trueman, E. R.), pp. 103–122 (Academic Press,
New York).

Seilacher, A. 1993. Ammonite aptychi: how to transform a jaw into
an operculum? American Journal of Science, A 293, 20–32.

Seilacher, A., Analib, F., Dietl, G. & Gocht, H. 1976. Preser-
vational history of compressed ammonites from southern
Germany. Neues Jahrbuch für Geologie und Paläontologie, Abhand-
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