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Earliest Ordovician pelmatozoan holdfasts from western Europe:

the Oryctoconus problem revisited
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ABSTRACT

The Oryctoconus pelmatozoan holdfasts occur in lower Tremadocian sedi-
mentary rocks of western Europe, with a marked concentration in sandstones
and conglomerates and immediate shoal surroundings. They are reported from
the Najerilla Formation in the Demanda Mountains, the Valconchdn Forma-
tion in the Iberian Chains (Spain), the upper part of the Cabitza Formation in
south-western Sardinia, and the Leimitz Shales of Frankenwald (Germany).
The genus is an amphora-like skeleton prolonged into a crown of anterior, lo-
bate to stellate appendages or radices, regularly spaced. Two species are dif-
ferentiated: O. lobatus (with a flat anterior face) and O. dorecki (with a convex
anterior face, trapezoidal in cross-section). The anterior face of the holdfasts
contains a circular plate that would serve for articulation with the distal end of
stems. Oryctoconus is associated with early Tremadocian trilobites, graptolites
and acritarchs, and is reported as a biostratigraphically significant taxon for
correlation in western Europe.

RESUME

Des pédoncules de pelmatozoaires appartenant au genre Oryctoconus sont
connus dans les sédiments du Trémadocien inférieur de I'Europe occidentale.
IIs s’observent accumulés dans des gres et des conglomérats, en relation avec
des barrieres hydrauliques. Ils sont reconnus dans la Formation de Najerilla de
la Sierra de la Demanda, la Formation de Valconchédn des Chaines Ibériques
(Espagne). la partie supérieure de la Formation de Cabitza en Sardaigne et les
Schistes de Leimitz de Frankenwald (Allemagne). Le genre est décrit comme
un squelette en forme d’amphore prolongé dans sa partie antérieure par une
couronne d'appendices, espacés régulierement, a contour lobé a triangulaire.
Deux especes sont ici différenciées: O. lobatus (a face antéricure plate) et
O. dorecki (dont la face antérieure est convexe, a section trapézoidale). Les
faces antérieures des pédoncules possédent une plaque circulaire qui servirait
d’articulation avec la partie distale des tiges. Oryctoconus est associé avec des
trilobites, graptolites et acritarches du Trémadocien inférieur, et est considéré
comme un marqueur biostratigraphique en Europe occidentale.

1. Introduction

Complete and articulated multi-element skeletons (such as
arthropods, coeloscleritophorans, echinoderms and sponges)
are rarely preserved in the Lower Palaeozoic fossil record of
western Europe. Normal, slow to moderate sedimentation
rates in platform and deeper water siliciclastic settings, and
high-energy conditions favour disarticulation of skeletal ele-
ments. As a result, one articulated skeleton can be dissociated
into numerous elements, each of them displaying different hy-
drodynamic behaviours. Their debris will be selectively trans-
ported and deposited separately causing biofacies multiplica-
tion. In these cases, the identity of original organisms can be
broadly inferred on the basis of disarticulated plates, scaly ar-
mours, sclerites, spicules, spines, tergites, etc. They are recon-

structed after assuming parallelism with either coeval or mod-
ern taxa, but, in most cases, they cannot be assigned to any
known species.

The relatively high permeability in coarse-grained silici-
clastic sedimentary rocks is another source of taphonomic
problems. Fossil remains are commonly dissolved by early dia-
genetic processes, except under highly specific taphonomic
conditions, such as when protected by resistant carbonate or
silica nodules and concretions. The complete loss of original
skeletal material by solution is frequent because these rocks
commonly have pore waters undersaturated with respect to
carbonate (Speyer & Brett 1988; Meyer et al. 1989; Martin
1999). In these rocks, disarticulated bioclastic debris is com-
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Fig. 1. Geological sketch of the Oryctoconus beds in the Variscan massifs of
western Europe.

monly preserved as void spaces after solution of the whole
skeleton. However, this is easily overcome using one of a range
of flexible rubber compounds to cast the specimens of interest
(Parsley 1989).

One typical example of the problems reported above is the
sudden appearance of the early Tremadocian Oryctoconus re-
mains in shell beds of western Europe. The fossil affinity of
these coquinas has remained one of the enigmas of the Lower
Palaeozoic benthic communities and attempts to identify pos-
sible sister groups have been largely problematical (Sdzuy
1955, 1969; Colchen & Ubaghs 1969; Wolf 1980).

The purpose of this paper is to study the type material and
new specimens of Oryctoconus in order to make a revision of
their highly conjectural taxonomic affinities assigned from
1969, which were subsequently accepted and perpetuated.
Sdzuy (1969) was convinced that they could be related to
‘sponges’ (in which the author included the chancelloriids),
whereas Colchen & Ubaghs (1969) disagreed with this idea
and proposed questionable echinoderm-like affinities. The sys-
tematic revision is herewith done with the risk of developing a
parataxonomic inflation among pelmatozoans because the
Oryctoconus skeletons are not associated with crowns and,
therefore, cannot be assigned to crown species with certainty.
The debris is of biostratigraphical interest for correlation of
poorly fossiliferous sedimentary rocks of the Cambrian-Or-
dovician transition in western Europe.

2. Geological setting and stratigraphy

The Cambrian-Ordovician transition is widely recorded in
western Europe as temperate to cold, siliciclastic sedimentary
rocks with relatively low-diversity faunas. However, an early
Tremadocian colonization event is widely recognized, charac-
terized by a ‘bloom’ of enigmatic, benthic organisms, common-
ly reported as Oryctoconus remains. The Oryctoconus beds are
known from the Najerilla Formation of the Demanda Moun-

452 .. Alvaro & M. Colchen

tains, the Valconchdn Formation of the Iberian Chains (north-
castern Spain), the upper part of the Cabitza Formation in
south-western Sardinia, and the Leimitz Shales of Germany
(Fig. 1).

The Najerilla Formation (about 700 m thick) consists of
decimetre- to metre-thick sandstone/shale alternations bearing
isolated, centimetre-thick limestone nodules and lenses that
have yielded two latest Cambrian-earliest Tremadocian fossil
assemblages of trilobites, such as Maladioidella colcheni and
Langyashania felixi in the lower part of the formation, and the
pagodiine Pagodia (Wittekindtia) sp. in its upper part, as well
as brachiopods, hyoliths, ichnofossils and Orycroconus debris
(Colchen 1967, 1974; Seilacher 1970; Palacios Medrano 1982
Shergold et al. 1983). The Najerilla Formation is bounded by
two thick, sandstone-dominated formations, named the
Viniegra and Brieva sandstones (Fig. 2), which are very poor
in fossil fauna. The Middle-Upper Cambrian transition has
been tentatively located across the boundary between the
Viniegra and Najerilla formations (Sdzuy 1958; Colchen &
Havlicek 1968).

The Oryctoconus beds are abundant in trough cross-strati-
fied sandstones and conglomeratic channels, located within the
uppermost part of the Valconchan Formation. The latter con-
sists of quartzites with intercalations of shales and sandstones,
and local conglomeratic channels situated at the top. The Val-
conchdn Formation is conformably bounded by two shalc-
dominated successions: the underlying Upper Cambrian Val-
torres Formation (Shergold & Sdzuy 1991; Alvaro & Vennin
1996) and the overlying Borrachon Formation that has yielded
a Lower Ordovician trilobite fauna (Wolf 1980; Shergold &
Sdzuy 1991). Incomplete biostratigraphical correlations of the
Cambrian-Ordovician boundary are mainly based on acritarch
and ichnofossil biozonation (Wolf 1976, 1980; Kolb & Wolf
1979) due to the scarcity of trilobites and brachiopods in this
critical part of the succession (Schmitz 1971; Havlicek &
Josopait 1972; Josopait 1972; Romano 1982 Shergold & Sdzuy
1991). The Oryctoconus remains are associated with the occur-
rence of trilobites (such as Pagodia (Wittekindtia) alarbaensis:;
Shergold & Sdzuy 1991), brachiopods ( Protambonites primige-
nius; Villas et al. 1995) and ichnofossils.

The Oryctoconus beds also occur in Sardinia in the upper
part of the Cabitza Formation, which consists of at least 600 m
of silty shales and siltstones with sandstone intercalations and
rare carbonate beds and marls at the lowermost part. It is Mid-
dle Cambrian to lower Ordovician, and its uppermost trilobite
zone (the C6 assemblage of Loi et al. 1995) has yielded the
trilobite species Proteuloma geinitzi, the graptolite Rhabdino-
pora flabelliformis (Pillola & Leone 1993), and other related
acritarchs (Barca et al. 1987).

Finally, the Oryctoconus-bearing Leimitz shales occur in
Frankenwald (Bavaria, Germany), an arca interpreted as a
Variscan overthrusting on the autochthonous Thuringian re-
gion. The Leimitz Shales are known from some disconnected
outcrops, in which they are not in contact with older sedimen-
tary rocks, but with younger Ordovician-Silurian deposits. The
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formation (ca. 100 m thick and early Tremadocian in age) con-
sists of slates, usually indistinctly stratified, with a few thin
sandstone intercalations and associated volcanoclastic tuffs.
Fossils include the hyolithid Orthotheca, the rhombiferan cys-
toid Macrocystella, one species of graptolite (Aspidograptus
sp.). numerous acritarchs, and several brachiopod and trilobite
species, such as Proteuloma geinitzi, Parabolina frequens, Nio-
bella innotta, Bavarilla hofensis and Pharostomina oepiki
(Sdzuy 1955, 1961, 1971: Reitz 1991). The formation is overlain
by the Vogtendorfer Beds (Fig. 2). composed of several hun-
dred metres (unmeasured) of volcanic and volcanoclastic rocks
and interbedded shales, which have yielded brachiopods, cys-
toids and trilobites (such as Euloma ornatum, Agerina sp. and
Pikeia sp.) of latest Tremadocian age (Sdzuy 1971).

3. Preservation and methods

Different preservation patterns are present in the Oryctoconus
debris. For instance, the Iberian coquinas are dominated by
monotypic concentrations. In cross section, the skeletal orien-
tations are preserved concordant or subparallel with the cross-
stratified laminae of the Valconchdn sand shoals. On the plane
of bedding, the bioclasts are not aligned in any consistent di-
rection and apparently exhibit random embedding features.
The debris is discontinuously closely-packed, locally reaching
60% or more hardparts by sandstone volume; in this case,
skeletons show a bioclastic-supported fabric. The skeletons are
either complete or slightly broken. The specimens described
below were selected from these levels, because other debris

occurs as highly broken, conglomeratic channel lags, reworked
from lateral sand shoals. By contrast, the Oryctoconus debris
from the Demanda Mountains occurs as polymictic concentra-
tions in sandstone beds and shoals (associated with linguli-
formean brachiopods, trilobites and pelmatozoan columnals),
displaying biostratinomic characters similar to the Iberian
specimens. In summary, the Oryctoconus remains are consid-
ered as parautochthonous assemblages exhibiting differential
preservation as a consequence of post-mortem transport.
Skeletal orientation, packing and sorting by size and shape de-
pended on hydrodynamics on bedding planes of shoal pave-
ments. These coquinas represent sedimentological concentra-
tions resulting from hydraulic processes, produced through
storm reworking and fair-weather winnowing on immediate
shoal surroundings.

During diagenesis, the calcite endoskeletons of Orycto-
conus were dissolved, producing a secondary porosity in sand-
stones and conglomerates. In some cases, the secondary
porosity was partly or completely filled by quartz fibrous ce-
ments. Internal and external moulds could only be studied ef-
fectively after their calcite components had been completely
removed by acid etching and/or ultrasonic cleaning. Hence,
the reconstruction of their morphology is from latex cast
preparation.

4. Systematic palaeontology

The illustrated specimens are housed in the Museo Paleontolégico
of the Zaragoza University (acronym MPZ).
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Family uncertain
Genus Oryctoconus COLCHEN & UBAGHS 1969

Type species: Oryctoconus lobatus COLCHEN & UBAGHS 1969,
by monotypy.

Emended diagnosis: Amphora-shaped skeleton, bearing an an-
terior circular plate pierced by a straight axial canal (circular in
cross section), prolonged into a lobate to stellate crown of an-
terior appendages or radices, unbranched, unsegmented, irreg-
ular in number (3-10), rather regularly spaced, and displaying a
radial symmetry.

Remarks: The external morphology of Oryctoconus is similar
to that of some Devonian crinoidal holdfasts, such as Ancyro-
crinus bulbosus HALL 1862, A. armoricanus MORZADEC 1967,
and Aragonocrinus molinoensis LE MENN 1988. The discovery
of stems and crowns attached to the first species permitted its
assignation to the botryocrinids. By contrast, the other two
species are rarely associated with their columnals or calyxes.
Ancyrocrinus differs from Oryctoconus in the number of
radices, the former displaying always a fivefold symmetry, and
the star-like transverse section of the axial canal, which shows
lateral ramifications. Aragonocrinus differs from Oryctoconus
in its high variability in shape (from fusiform to spheroid in
outline), the lack of radices, and the pentalobate transverse
section of the axial canal. The special preservation conditions
of the Oryctoconus type species allow identification of the
three-dimensional framework of its axial canal favouring a bet-
ter understanding of its entire morphology.

Oryctoconus lobatus COLCHEN & UBAGHS 1969
Pl I/1-12

1966 Calix? dorecki (SpzUY).— Bartsch, p. 28-29, P. 4, figure 5.

1969  Oryctoconus lobatus n. gen. n. sp.— Colchen & Ubaghs, p. 649-654,
figures 1-9.

1970 “Calix™? cf. dorecki SDZUY 1955.— Scheuplein, p. 93-94, P1. 5, figures
24.

1971 Oryctoconus sp.— Schmitz, p. 48.

1974 Oryctoconus lobatus COLCHEN & UBAGHS 1969.— Colchen. p. 178.

1976 Oryctoconus lobatus.— Wolf, p. 13, 103-106, PI. 4, figures 1-6.

1980  Oryctoconus lobatus.— Wolf, p. 122-124.

1982 Oryctoconus sp.— Mitsche-Collande. p. 4547, 145, PL. 5. figures 3-4.

1982 Oryctoconus.— Palacios Medrano, p. 25, 48.

1983 Oryctoconus lobatus.— Shergold et al., p. 77.

1991 Oryctoconus lobatus COLCHEN & UBAGHS 1969.- Shergold & Sdzuy,
p- 200.

1995  Oryctoconus cf. O. lobatus.— Loi et al., p. 70, P. 5, figure 14.

1996  Oryctoconus lobatus.— Liian et al., p. 26, figure 8.

2000  Oryctoconus lobatus.— Geyer & Shergold, p. 190-191.

2001 Oryctoconus lobatus.— Alvaro & Vennin, p. 11.

Holotype: MPZ 17143 (drawing in Text.-pl., fig. 1 in Colchen &
Ubaghs 1969; and pl. 1/2 in this work).

Material examined: More than 50 specimens preserved as ex-
ternal and internal moulds.
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Emended diagnosis: Oryctoconus species with height/anterior
diameter ratio of 0.4-2 (without appendices), flat anterior face,
and axial canal inserted into anterior and posterior, circular
plates.

Description: Smooth, amphora-shaped skeleton with convex
base, and relative height strongly variable. Stereom mi-
crostructure, external sutures and perforations are not visible.
Three to six appendages, stout and non-whorled, and ellip-
soidal to crescent-shaped in cross-section, grow around the an-
terior face of the skeleton. The anterior face, subcircular to
stellate in cross-section, displays a central circular plate (up to
1.6 mm in diameter) bearing a central orifice (up to 0.2 mm in
diameter). The posterior face is concave in external moulds
but commonly exhibits a shallow, saddle-like depression whose
centre shows the prolongation of the axial canal (in internal
moulds), identified as a circular orifice of similar size than the
anterior one. The axial canal is more or less straight, simple,
circular in cross-section (up to 1.2 mm in diameter), un-
branched, crossing the skeleton longitudinally (up to 3.5 mm
long), and irregularly subdivided by slight but distinct irregular
constrictions, truncate in section, giving convex abaxial expan-
sions; the tips of the axial canal are inserted into the anterior
and posterior plates described above, both of them circular in
shape.

Intraspecific variability: Three morphological characters are
highly variable in O. lobatus: the number and shape of the an-
terior appendages, and the relative height of the amphora-like
skeleton. The last two characters allow differentiation into two
morphotypes displaying transitional stages between them,
which prevent to consider both forms as different species. The
first is the lobate morphotype (reported as holotype), found
only in the Demanda Mountains, in which the anterior ap-
pendages are lobate and short (Pl. I/1-6), and its height/anteri-
or diameter ratio is 0.4-0.6 (so width greater than height). By
contrast, the second stellate morphotype (Pl. 1/7-12) has a
ratio of 0.4-2 and occurs both in the Iberian Chains and the
Demanda Mountains. Despite the deformation suffered by
these skeletons, some ontogenic trends are recognized (Fig. 3):
larger skeletons are relatively thinner than smaller ones, in-
creasing gradually the relative width of the anterior face (in
which the appendices are inserted), and their appendices be-
come relatively thinner and longer.

Remarks: Halleck (1973) and Brett (1978) pointed out that pel-
matozoans have different radices depending on the firmness
of the substrate: the contact with soft substrates may induce
production of numerous slender branched rootlets, whereas
radices can be limited to short stubby forms on hard sub-
strates. Therefore, the number and geometrical pattern of
radices can be associated with substrate consistency, as re-
sponse to environmental factors. The intraspecific variability
both in the number (3 to 6) and shape (relatively thicker small-
er forms contrasting with thinner larger forms) of O. lobatus
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Fig. 3. Reconstruction of the Oryctoconus skeletons and biometric patterns.

may indicate ecological conditions. For instance, thinner larger
forms would favour supporting functions of a holdfast deeply
embedded in the sediment whereas thicker smaller forms
would be shallower; the variability in the number of radices
could be related to the firmness of mud- to sand-dominated
substrates.

Comparisons: Some uncertain, Lower Ordovician fossil debris
from Finmark (Norway), described originally by Erdtmann et
al. (1984), were assigned to Oryc(h)toconus (sic) by Berg-Mad-
sen (1986). These skeletons have close similarities to the De-
manda morphotype of O. lobatus, are pierced by an axial
canal, and their anterior and posterior faces bear a central cir-
cular orifice. The presence of an orifice on the posterior face

could be related to preservation as internal moulds; however,
external moulds must be studied in order to check the end of
the axial canal.

Oryctoconus dorecki (Spzuy 1955)

1955 Calix? dorecki n. sp.— Sdzuy, p. 274-275, PI. 1, figures 15-19.
1966 non Calix? dorecki.— Bartsch, p. 28-29, PL. 4, figure 5.

1969  Calix? dorecki (SpZUY).— Sdzuy, p. 128.

1969  Calix? dorecki.— Colchen & Ubaghs, p. 654.

Holotype: SMF (XXI 51a), Forschungs-Institut Senckenberg
(Sdzuy 1955; pl. 1, fig. 17).

Lower Ordovician pelmatozoan holdfasts 455



Emended diagnosis: Oryctoconus species with a height/anterior
diameter ratio of 1-2, 5-10 appendages. and anterior face with
a convex anterior face, trapezoidal in cross-section, bearing a
central funnel-like depression.

Remarks: The skeletons of O. dorecki are preserved as exter-
nal moulds so that their internal structures (e.g. the longitudi-
nal section of the axial canal) are not observable. O. dorecki
differs from O. lobatus in the number of appendages (a charac-
ter likely related to substrate conditions), the relative height of
the skeletons and, which is more important, the upward pro-
longation of the anterior face and the lack of a central circular
plate, changed into a funnel-like depression. Although the ge-
neral size of O. dorecki is slightly smaller than that of O. loba-
tus, these differences do not seem to be associated with onto-
genic patterns.

5. Palaeoecological and biostratigraphical significant patterns

The morphological patterns of the skeletons suggest that the
holdfasts were oriented with the anterior face upward, lying
on the substrate with the amphora-like body partly embedded
in the sediment. The proximal appendices would lay on the
sediment surface stabilizing the echinoderm. This kind of grap-
nel functioned probably less as a drag and ballast than as an
anchor, giving the pelmatozoan a secure and relatively stable
base in low- to moderate-energy environments (Ubaghs 1978;
Brett 1981). The anterior plate (up to 2 mm in diameter)
served for articulation with the distal end of the pelmatozoan
stem. The first columnal had a circular outline with a relatively
wide epifacet and small articulum. This articulation would be
highly vulnerable to breakage and detachment under influence
of bottom currents and storm surges, as a result of (i) post-
mortem accumulation (after decomposition of the collagenous
connective tissues) or (ii) autotomy of the column from the at-
tachments.

Traditionally, Oryctoconus is used regionally as a biostrati-
graphical tool because it is associated with distinct early
Tremadocian trilobites (Proteuloma geinitzi), brachiopods
(genera Protambonites and Poramborthis), graptolites (Rhab-
dinopora flabelliformis) and acritarchs. However, its first ap-
pearance could be latest Cambrian due to its co-occurrence in
the Iberian Chains and the Demanda Mountains with the trilo-
bite Pagodia (Wittekindtia) sp. and the brachiopod Billingsella
(Shergold et al. 1983; Villas et al. 1995). An accurate correla-
tion with conodonts is necessary in order to associate its ap-
pearance with the Cambrian/Ordovician boundary based on
conodonts (Webby 1998).
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6. Conclusions

The Oryctoconus pelmatozoan meadows flourished episodical-
ly in the early Tremadocian, siliciclastic-dominated platforms
of western Europe. Their holdfasts display a preference for
preservation in sandstone and conglomerate substrates and im-
mediate shoal surroundings. They occur in well-sorted, mono-
and polytypic assemblages of skeletal debris, after disarticula-
tion and transport of the stem and calyx ossicles, which were
commonly washed away. The densely packed concentrations
reported from the Iberian Chains can be as much as 60% hard-
parts by volume, in some cases bioclastic supported on the
bedding plane and cross-stratified surfaces. As a result of shoal
progradation, parautochthonous holdfasts configured shelly
pavements on cross-stratified laminae. Conglomerate channels
eroded these sandstone sets re-incorporating the holdfasts as
broken and incompletely preserved allochthonous debris.

Two species are distinguished in this work, O. lobatus and
O. dorecki, recognized by their amphora-like skeleton pro-
longed into a crown of anterior appendages or radices. Orycto-
conus lobatus displays a flat anterior face bearing a circular
plate that would serve for articulation with the distal end of the
pelmatozoan stem. Its special preservational conditions allow
identification of a straight axial canal that crosses the skeleton
longitudinally. By contrast, O. dorecki has a convex anterior
face, trapezoidal in cross-section, bearing a central funnel-like
depression. The axial canal of both species (seemingly the pro-
longation of the axial canal of the stem) is circular in cross sec-
tion and would contain coelomic and nervous extensions.

Terminal holdfasts bearing well-developed radices (an-
chor-like grapnels sensu Ubaghs 1978; Brett 1981) are pelma-
tozoan attachment structures, lacking carbonate encrustations,
and represent permanent or long-term fixation on shale and
sand substrates. Major difficulties arise in attempting to associ-
ate particular early Tremadocian columns and calyxes to these
holdfasts, as discussed by previous authors in the Devonian of
the Armorican Massif. Although the crown is preferentially re-
quired for taxonomic identification and, therefore, a prerequi-
site for phylogenetic, palaecoecological and other studies. hold-
fast elements are by far the most common fossil remains in the
Oryctoconus beds. The biostratigraphical utility of pelmato-
zoan holdfasts is demonstrated in this case.

Acknowledgements

The manuscript has benefited greatly from critical and constructive remarks
by W.I. Ausich and S.K. Donovan. The authors thank W. Hammann,
B. Lefebvre, S. Regnault, E. Villas and D. Vizcaino for scientific discussions.
S. Clausen for field assistance, and B.D. Erdtmann. G. Geyer, R.J. Prokop and
T. Servais for bibliographic information. This paper is a contribution to
projects PB98-1625, BTE2002-01168 and IGCP 410.



REFERENCES

ALVARO, J.J. & VENNIN, E. 1996: The Middle-Upper Cambrian transition in
the Iberian Chains (NE Spain). An integrated approach. Riv. It. Paleont.
Strat. 102, 341-352.

- 2001: Benthic marine communities recorded in the Cambrian Iberian plat-
form. NE Spain. Palacontographica. Abt. A 262, 1-23.

BARCA. S.. Cocozza. R.. DEL R10, M., PiLLoLA, G.L. & PitTAU DEMELIA, P.
1987: Datation de I'Ordovicien inférieur par Dictyonema flabelliforme et
Acritarches dans la partie supérieure de la formation « Cambrienne » de
Cabitza (SW de la Sardaigne. Italie): conséquences géodynamiques. C.R.
Acad. Sci. 305, (2). 1109-1111.

BARTSCH, G. 1966: Geologische Untersuchungen in den Ostlichen Iberischen
Ketten zwischen Rio Jalon und der StraBe Miedes-Codos-Carifiena
(Spanien). Ph D dissertation, Miinster University (unpubl.), 120 p.

BERG-MADSEN. V. 1986: Middle Cambrian cystoid (sensu lato) stem columnals
from Bornholm, Denmark. Lethaia 19, 67-80.

Brerr, C.E. 1978: Attachment structures in the rhombiferan cystoid Cary-
ocrinites, and their paleobiological implications. J. Paleont. 52, 717-726.

- 1981: Terminology and functional morphology of attachment structures in
pelmatozoan echinoderms. Lethaia 14, 343-370.

COLCHEN, M. 1967: Sur la présence du Cambrien supérieur a Prochuangia et a
Chuangia dans la Sierra de la Demanda (Logrono. Espagne). C.R. Acad.
Sci. 264, 1687-1689.

- 1974: Géologie de la Sierra de la Demanda. Burgos-Logrono (Espagne).
Mem. Inst. Geol. Min. Espaiia 85, 1-436.

COLCHEN, M. & HAVLICEK, V. 1968: Le niveau a Billingsella cf. lingulaeformis
NIKITIN du Cambrien supérieur de la Sierra de la Demanda (Logrofio,
Espagne). Bull. Soc. géol. France (7¢ série) 10. 133-137.

COLCHEN, M. & UBAGHS. G.P. 1969: Sur des restes d'Echinodermes (?) du
Cambro-Ordovicien de la sierra de la Demanda. Bull. Soc. géol. France
(7¢ série) 11, 649-654.

ERDTMANN, B.D., HENNINGSMOEN, G., WELSCH, M. & WINDOLPH, M.L. 1984.
Fossiler fra Digermulhalvgya. Ottar 146, 10-30.

GEYER, G. & SHERGOLD, J.H. 2000: The quest for internationally recognized
divisions of Cambrian time. Episodes 23, 188-195.

HaLL, J. 1862: Descriptions of new species of fossils from the Upper Helder-
berg. Hamilton and Chemung Groups. 15th Ann. Report Regents Univ.
State New York 116, 27-197.

HALLEK, M.S. 1973: Crinoids. hardgrounds. and community succession: the
Silurian Laurel-Waldron contact in southern Indiana. Lethaia 6, 39-251.

HAVLICEK, V. & JosopAIT, V. 1972: Articulate brachiopods from the Iberian
Chains. northern Spain (Middle Cambrian-Upper Cambrian-Tremadoc).
N. Jb. Geol. Paliont.. Abh. 140, 328-353.

Josoparr, V. 1972: Das Kambrium und das Tremadoc von Ateca, Westliche
Iberische Ketten, NE-Spanien. Miinst. Forsch. Geol. Paldont. 23, 1-123.

Kois, S. & WoLF, R. 1979: Distribution of Cruziana in the Lower Ordovician
sequence of Celtiberia (NE Spain) with a revision of the Cruziana rugosa
group. N. Jb. Geol. Paldont., Abh. 8, 457474,

LiNAN, E.. ViLLas, E.. GAMEZ VINTANED, J.A., ALvaRo. J.J., GozaLo, R..
Paracios. T. & Spzuy K. 1996: Sintesis paleontolégica del Cambrico y
Ordovicico del Sistema Ibérico (Cadenas Ibéricas y Cadenas Hespéricas).
Rev. Esp. Paleont.. no. extr., 21-32.

Lot A.. PitLora, G.L. & LEONE. F. 1995: The Cambrian and Early Ordovi-
cian of south-western Sardinia. Rend. Semin. Fac. Sci. Univ. Cagliari 65,
63-81.

MARTIN, R.E. 1999: Taphonomy. Cambridge Univ. Press, Cambridge. 524 p.

MENN, J. LE 1988: Un nouveau type d'organe distal de pédoncule de crinoide
de I'Emsien supérieur d’Aragon (Espagne). Ann. Paléont. 74, 1-11.

MEYER, D.L.. AusicH. W.I. & TERRY, R. 1989: Comparative taphonomy of
echinoderms in carbonate facies: Fort Payne Formation (Lower Mississip-
pian) of Kentucky and Tennessee. Palaios 4, 533-552.

MITSCHE-COLLANDE  VON, C. 1982: Erldauterungen zur Geologischen
Kartierung des Gebietes NW Codos, Provinz Zaragoza. NE-Spanien.
Diplomarbeit, Wiirzburg University (unpubl.), 152 p.

MoRrzADEC, P. 1967: Sur la présence du genre Ancyrocrinus Hall 1862
(Crinoide) dans le Dévonien moyen du Massif armoricain. Bull. Soc.
Géol. Miner. Bretagne, 26-32.

PALAcI0s MEDRANO, T. 1982: El Cambrico entre Viniegra de Abajo y Mansil-
la (Sierra de la Demanda, Logrono). Trilobites e icnofésiles. Biblioteca de
Temas Riojanos (Inst. Est. Riojanos), 1-80.

PARSLEY, R.L. 1989: Latext casting of macroinvertebrate fossils. In: Paleotech-
niques. (Ed. by FELDMANN, R.M., CHAPMAN, R.E. & HANNIBAL, J.J.). Pale-
ontological Society, Special Publication 4, 275-281.

PiLLora, G.L. & LEONE, F. 1993: Biostratigraphical and sedimentological data
from the Cabitza Formation (Middle-Cambrian-Tremadoc, SW Sardinia,
Italy): palacogeography and Cambro-Ordovician boundary. 1.G.C.P. 319,
Liverpool, 22.

RErrz, E. 1991: Acritarchen des Unter-Tremadoc aus dem westlichen
Frankenwald. NE-Bayern. N. Jb. Geol. Paldont., Mh. 1991/2, 97-104.
RoMANO. M. 1982: The Cambrian-Ordovician boundary in Spain, Portugal,
and north-west France. In: The Cambrian-Ordovician Boundary: Sec-
tions. Fossil Distributions. and Correlations (Ed. by Bassert, M.G. &

DEeAN, W.T.). Nat. Mus. Wales, Geol. Ser. 3, 71-75. Cardiff.

SCHEUPLEIN, R. 1970: Stratigraphie und Tektonik der Schichtenfolge im
Raume Daroca-Calamocha (Westliche Iberischen Ketten, NE-Spanien).
Doctoral thesis, Wiirzburg University (unpubl.), 106 pp.

ScHMITZ, U. 1971: Stratigraphie und Sedimentologie im Kambrium und Tremadoc
der Westlichen Iberischen Ketten nordlich Ateca (Zaragoza). Miinst. Forsch.
Geol. Paldont. 27, 1-123.

Spzuy, K. 1955: Cystoideen aus den Leimitz-Schiefern (Tremadoc). Senck-
enb. leth. 35, 269-276.

- 1958: Neue Trilobiten aus dem Mittelkambrium von Spanien. Senckenb.
leth. 39, 235-253.

- 1961: Neue Funde aus den Leimitz-Schiefern (Tremadoc). Senckenb. leth.
42,227-243.

- 1969: Unter- und mittelkambrische Porifera (Chancelloriida und Hexa-
ctinellida). Paldont. Z. 43, 115-147.

- 1971: The Ordovician in Bavaria. Mém. BRGM 73, 379-390.

SEILACHER, A. 1970: Cruziana stratigraphy of ‘non-fossiliferous’ Palacozoic
sandstones. In: Trace Fossils (Ed. by CRIMES, T.P.). Geol. J., Spec. Issue 3,
447-476.

SHERGOLD, J.H., LINAN, E. & PALAcCI0s, T. 1983: Late Cambrian trilobites
from the Najerilla Formation, north-castern Spain. Palacontology 26,
71-92.

SHERGOLD, J.H. & Spzuy, K. 1991: Late Cambrian trilobites from the Iberian
Mountains, Zaragoza Province, Spain. Beringeria 4, 193-235.

SPEYER, S.E. & BRETT, C.E. 1988: Taphophacies models for epeiric sea envi-
ronments: Middle Paleozoic examples. Palaeogeogr., Palacoclimat.,
Palacoecol. 63. 225-262.

UBAGHS, G. 1978: Skeletal morphology of fossils crinoids. Part T, Echinoder-
mata 2, volume 1. In: Treatise on Invertebrate Paleontology (Ed. by
MOoORE, R.C. & TEICHERT, C.). Geol. Soc. America and Univ. Kansas,
Boulder and Lawrence, T59-T216.

ViLLAs, E., ARBIZU, M., BERNARDEZ, E., MENDEZ-BEDIA, I. & ARAMBURU, C.
1995: Protambonites primigenius (Brachiopoda, Clitambonitidina) y el
limite Cambrico-Ordovicico en la Serie de los Cabos (Zona Asturocci-
dental-Leonesa, NO de Espana). Rev. Esp. Paleont. 10, 140-150.

WEBBY, B.D. 1998: Steps toward a global standard for Ordovician stratigra-
phy. Newsl. Strat. 36, 1-33.

WoLF, R. 1976: Erlauterungen zur geologischen Kartierung des Gebietes zwis-
chen Santed. Used und Orcajo in den Westlichen Iberischen Ketten (NE-
Spanien). Diplomarbeit, Wiirzburg University (unpubl.), 118 p.

- 1980: The lower and upper boundary of the Ordovician system of some
selected regions (Celtiberia, eastern Sierra Morena) in Spain. N. Jb. Geol.
Paldont., Abh. 160, 118-137.

Manuscript received February 19, 2002
Revision accepted September 28, 2002

Lower Ordovician pelmatozoan holdfasts 457



Plate 1

Debris of Oryctoconus lobatus (Demanda and Iberian morphotypes).

10.
11.
12.

1. Inner side of an anterior plate attached to the dissolved prolongation of the skeleton (external mould): MPZ 17142, scale bar = 4 mm.
2. Latex cast of the holotype (h) and stemmed plate (s); MPZ 17143, scale bar = 2 mm.

3. Stemmed plate surrounded by two Oryctoconus skeletons; MPZ 17144, scale bar = 5 mm.

4. Inner side of another anterior plate; MPZ 17145, scale = 2 mm.

S.
6.
7
8
9

Axial canal piercing one dissolved skeleton; MPZ 17146, scale bar = 1 m.

. Detail of the posterior end of the axial canal, inserted in a posterior circular plate: MPZ 17147, scale bar = 0.5 mm.

. External mould of a posterior side exhibiting the convex end of a skeleton bearing four appendices: MPZ 17148, scale bar = 2 mm.

. Lateral view of two skeletons; MPZ 17149 scale bar = 2 mm.

. Lateral and oblique view of four skeletons (internal moulds) showing four appendices, the anterior circular plate, and the posterior prolongation of the axial

canal; MPZ 17150, scale bar = 4 mm.

Two sections of internal moulds, one of them (right) bearing the lower part of the axial canal; MPZ 17151, scale bar =2 mm.
Detail of another internal mould, whose axial canal bears distinct constrictions; MPZ 17152, scale bar = 1 mm.

Inner side of an anterior plate and its four prolonged appendices; MPZ 17153, scale bar =2 mm.
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