Bollettino

della
Societa Paleontologica

Italiana

Pubblicato sotto gli auspici
del Consiglio Nazionale delle Ricerche

Volume 42, n. 3, 2003

MUCCHI - MODENA



Bollettino della Societi Paleontologica Italiana 42(3). 2003 | ISSN 0375-7633 | 225-239 3 pls. Modena, Dicembre 2003

Early Silurian siliceous sponge spicule assemblages from the Sardinia

Hercynian Chain (Italy)

Paola Prirau Francesca Cotza  Myriam DEL R10
Diparimento Scienze della Terra,
Universita di Cagliari

KEY WORDS — Sponge spicules. Systematics, Farly Silurian, Sarrabus, Sardinia.

ABSTRACT — Moderately well preserved, disarticulated sponge sprculdes occur in the Llandovery Demirastrites convolutus—Streptograptus
crispus zonal succession of south-eastern Sardinia. ltaly. The sp/mﬁ:—lgwrinq strata are believed 1o bave been deposited 111 a distal platform enui-
vonment, chavacterized by limited water civenlation and anoxic - dysoxic bottom conditions, which is characterized by epipelagic commiuniries
of graptolites. chitinozoans and radiolartuns. Assemblages recovered fiom four stratigraphic horizons include fairly diverse siliceous sponge spicrdes
without co-occurvence of sponge body fossils. Representatives of demospanges and hexactinellids have been identified and four distinctive new form-
taxa. Nabaviella? sp.A. NabaviellaZ sp. 8. Nabaviella? sp.C and Thoracospongia ichnussiclla bave been described. These are the first Farly
Silurtan spicule assemblages 1/:’::‘)‘1'/2(1/’ 'om a novthern Condwanan tevvaine and this is the first recording of specialized propeller-like spicules
and pulvinusactines in sediments younger than Cambrian. Given thar siliceous sponge spicule assemblages are not frequently (/i‘fmurm/:n the
Lower Paleozoic, these new data add to the understanding of sponge waxonomy, biostratigraphy and evolution. The occurrence of diverse siliceons
sponge spicules in oxygen-poor bottom environment. where black Jfﬂ/{ is deposited, suggests that the sponges were likely transported afeer death by
water currents. or that they lived attached to floating organisms,

RIASSUNTO — [ Associazioni di spicole di spugne del Siluriano inferiore della catena ercinica sarda | — Vengono descritte associazioni
di spicole di spugne rinvenute nei black shales siltiict e lidici, delle Zone @ Demirastrites convolutus, Spirograptus turriculatus ¢
Streprograptus cnispus (Llandovery), esposti alla confluenza det Rin Brabaisu — Rin Ollastwe. nella regione del Sarrabus. Le rocce contenenti le
spicole dertvano da depositi di piattaforma distale, di ambiente disossico — anossico, a limutata circolazione di acqua sul fondo: il contenuto
paleontologico consiste in rappresentanti di comunita cpipelagiche quali graprolit, chitinozai ¢ rvadiolari. Le assoctazioni descritte comprendono
una varieta di spicole di spugne silicee apparsenenti alle Classt Demospongea ed Hexactinellida; sono state wdentificate e descritte quattro nuove
forma-specie: Nabaviella? sp. A, Nabaviella? sp. B, Nabaviclla? sp. € ¢ Thoracospongia ichnussiclla. La presenza di megasclere specializzate.

verosintilmente dermalia (/1111/1 pulvorusactinie ¢ propeller-like spicole. snggerisce unorsgine alloctona o pavautocrona delle I;ylic'n/r; da un punto
dr vista evolutivo estende Uesistenza delle spugne (hexactinellidi) portatrici di queste /mr/im/.m spicole dal Cambriano medro al Silurtano infe-
riore: da un punto di vista fﬂ/«’a/}/ag«agm Ico questo ritrovamento documenta altresi la dispersione di queste spugne, avvenuia nel Paleozoico mife-

riore, dall Australia (Cam

INTRODUCTION

Herein we describe disarticulated sponge spicules
accidentally discovered while processing samples for
recovery of chitinozoans trom Lower Silurian strati-
graphic successions of SE Sardinia.

The purpose of the study is to describe the mor-
phological variation of the disarticulated spicules to
gain a better understanding of the paleontological
content of the Silurian successions in the Sardinian
Hercynian chain. It was not possible to identity the
genus, the family or the order of the sponges by
analysing the fossil spicules, because several types of
morphologically diverse spicules may occur within
the same sponge, and sometimes similar spicules can
be observed in species belonging to different orders or
classes (Hartman er al, 1980). However, spicule
form-taxa are sometimes reported as having specitic
diagnostic characters (e.g., Bengtson er al. 1990;
Webby & Trotter, 1993: Dong & Knoll, 1996).

The spicules retrieved trom the samples collected
trom the Sardinian Silurian for the most part seem to
belong to a variety of sponge taxa referable t two

viano medio) ad unarea marginale al Nord Gondwana e sud Furopa (Siluriano inferiore).

poriferan classes, and a few that might indicate new
sponge species. Inasmuch as these discrete elements
are conservative in their skeletal morphology, sponge
spicules rarely provide decisive biostratigraphic infor-
mation, however sometimes they may be biostrati-
graphically useful (Mehl & Mostler, 1993). Faunal
elements retrieved and described trom various parts
of the world from Cambrian (Mehl, 1998: Zhang &
Pract, 1994). Silurian (de Freitas, 1991), Upper
Devonian (Dreesen et al., 1985) and Upper Triassic
sedimentary rocks (Mostler, 1986b) are similar to
modern counterparts (e.g., Koltun, 1970; De Vos et
al., 1991; see also Mostler, 1986a).

GEOLOGICAL SETTING

The sponge spicule assemblages were recovered
trom a Silurian succession cropping out in the
Sarrabus region of SE Sardinia (Text-fig. 1), in the
southern portion of the Sardinian Hercynian chain
(Genn'Argiolas Unir). In this area the various parts of
the Silurian succession are broken up into allochtho-
nous blocks in normal or inverted stratigraphic
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Text-fig. 1 - Geological map of the area berween the Riu
Ollastu and Riu Brabaisu rivers showing the loca-
tion of the studied outcrops (Cotza, 2000). Note
also the inset map showing location of the area in
the SE corner of Sardinia.

sequence (Barca, 1991), embedded in a sandstone
formation probably corresponding to the Hercynian
flysch (Pala Manna Formation) of probable Early
Carboniferous age. The biostratigraphy of the
Silurian succession (Text-fig. 2) has been described in
considerable detail by Jaeger (1977) and Barca &
Jaeger (1990), suggestin tEnt these blocks belong to
the “Lower Graprolitic Shales” lichostratigraphic unic.
The “blocks” attributed to the Ockerkalk and “Upper
Graprolitic Shales” crop out further 20 km north-
wards Riu Ollastu area, stacked in the stratigraphic
sequences of Cambrian-Carboniferous age of the
Gerrei tectonic unit. The Lower Graptolitic Shales
comprise the biostratigraphic units between the
Cystograptus vesiculosus and probably Parakidograptus
acumindatus Zones (Rickards er al, 1995), and the
Colonograptus (2) colonus-nilssoni Zone, including al-
most all the graprolite-bearing zones of the
Llandovery and Wenlock. The study area can be
reached by a country road to the west of the National

Road (SS 125) at the km 44 marker. The samples

SE Sardinia

Tentaculitic
Nodular Limestone

cf. thuringicus

> € M. hercynicus
=0
e o .
< ——— o M. praehercynicus
SE= Ro o
5 = O, M. uniformis
—] = g @
—@= Q@0 -~~~ T~ 7~7 -
— Qc .
=1l Scyphocrinus
£
o
@
= 3 P. dubius
=
[¢]
.
0
3
(5]
O

M. colonus
Phosph (nilssoni)
Cof[?). wuigoris |
Cof?). gerhardi

Co(?). deubeli

Co[?). praedeubeli

P dubius / G. nassa
E_dubius parvus

e

Sp. turriculatus
(Rastr. linnaei)

T E
b = M. testis
e i Cyrt. lundgreni
o
@ )
= o
o Cyrt. rigidus
» Cyrt. belophorus
r o (=tlexilis)
: 10
' Tl
: L)
— ' 9
% O. spiralis
oY Mcl. griestoniensis
o S. crispus
U}
)
=
o
-

studied interval

Dem. convolutus

M. gregarius

Cyst. vesiculosus

Lliondovery

.: Tuviois Formation
—-—14 (silicified argillites,
———-1 U siltites and limestones)

= =352 =

—ye |._

Texe-tig. 2 - Chrono-biostratigraphic scheme for the Silurian and
the transition o Devonian in the south-castern
parc of Sardinia. Graptolite zonal nomendature is
taken from Koren er al. (199G). Thickness and
stratigraphic data are from Jacger & Barca (1990).
1) alum shales wich nodules, lenses and lavers of
phosphorite: 2) black lydites and graprolitic shales:
3) limestones.
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were collected from exposures on the lett bank of the
Riu Ollastu river where it joins the Riu Brabaisu; the
degree of exposure depends on the presence or
absence of an alluvium cover in the riverbed (Text-hg.
3). The succession is composed of massive lydite bes
up to 20 cm thick interstratified with graprolite-bear-
ing black silty or clay-silty shales having total thick-
ness of about 12-13 m, extending up to a few tens of
metres. It spans the interval of the Demirastrites con-
volutus 1o Streptograprus crispus Zones, in inverse
stratigraphic succession (Text-fig. 4).

Centumeter-thick quartz lenses (radiolarites) are
commonly embedded in the lydite layers (Greeiling,

1977) especially in the Spirograptus turriculatus and
Demirastrites convolutus Z.ones.

The Llandoverian strata are believed o have been
deposited in a distal platform environment, charac-
terized by limited water circulation and anoxic —
dysoxic bottom conditions, as indicated by the sedi-
ment cype and fossil content (Gortani, 1922;
Schneider, 1972; Helmcke, 1973; Jaeger, 1976:
1991; Barca & Jaeger, 1990: Cortza, 2000) which is
characterised by epipelagic communities: graptolites,
chitinozoans, radiolarians.

PALEONTOLOGICAL CONTENT

All sponge spicules recovered from the Riu Ollastu

outcrops, including the specialized spicules of

Theracospongia ichnussiella n. sp. and Nabaviella? spp.
are siliceous and were recovered from the black silty

Text-fig. 3 - Dicture of the sec-
tions (A and B) out-
cropping along the
Riu Ollastu-Riu Bra-
baisu river conflu-
ence. Note that the
entire section is over-
turned. The location
of the samples con-
taining siliccous spi-

cules. 1) CP 2769;
g2 2) CP 2771: 3) CP

2776; 4) CP 2778.

Outcrop B‘

shales by dissolution using dilute hydrofluoric acid.
Fragments of three-dimensionally preserved grapto-
lites, many radiolarians and some chitinozoans were
also retrieved from the residues (Text-figs. 5.1-5.5).
The three-dimensionally preserved chitinozoans iso-
lated from the Demirastrites convolutus Zone have
been identified as Conochitina emmastensis Nestor,
1994 (Text-tig. 5.2) and Conochitina sp. 4 Nestor,
1994 (Text-fig. 5.3). Their presence in this zonal
interval is consistent with the concurrent presence of
the two species in Estonia (Nestor, 1994), where they
have been observed in the upper part of the Raikkiila
and lower part of the Adavere stages, in the equivalent
Demiyastrites convolutus Spirograptus turriculatus
zonal interval. Radiolarians, very abundant in sample
n° 2769 and common in the samples n°® 2771 and n°
2778, are mainly represented by spherical capsules
with linear depressions (Text-fig. 5.4) and heteropo-
lar (hemispherical) capsules (Text-fig. 5.5) likely all
belonging to the Order Spumellaria.

SAMPLES AND LABORATORY TECHNIQUES

Extraction of the sponge spicules was first
attempted using the palynological technique (40 per-
cent solution hydrofluoric acid), which completely
dissolved the rock but ruined the spicules, breaking
them into fragments. Subsequently the samples were
treated using Pessagno and Networt's technique
(1972) generally suitable for sponge spicules, radio-
larians and other siliceous microfossils.



to
o
(e -]

— e conveluti

Lbandovery
)
§

L |
I

Spoturrtcirtaras

L -2 -2 3 favseris 0 bevel (10un

Llandovery

‘ Ladites % Black Ivditic shales

Texi-fig. 4 - Lithostratigraphic columns with indication of the
grapeolite zonal markers and the position of the
studied samples. The stracigratic sections are repre-
sented graphically as they are exposed. overturned.

Each sample, selected from field collections, was
broken with a small sledge hammer into pieces no
larger than 2 cm. Roughlv 70 g of crushed rock was
placed in a five percent solution of hydrofluoric acid
and left on an agitator for 24 hours. The acid was
then diluted with distilled water and atter about one
hour removed using a water pump.

[t was necessary to repeat this procedure several
times as only from five to ten percent of the sample
was dissolved at a time. The residue was separated
using 230 and 90-micron sieves and then hand
plcked under a binocular microscope. Sample n®
2969 reacted fairly quickly, liberating the spicules
after just three treatments, whereas for the other sam-
ples containing higher proportions of lydite and
smaller numbers of spicules, the procedure had to be
repeated seven times. Samples n® 2769, 2771, 2776
and 2778 corresponding to the Demirastrites convolu-
My, I/l)()@ll/’{”f /l”’/l 117(11[“ Jnd S[’t/)!og’ﬂ/)’[(f (’/.f/)ll.f
zonal span, yielded spicule abundances as shown in
Text-fig. 6.
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MORPHOLOGIC AND STRATIGRAPHIC
BACKGROUND OF LOWER PALEOZOIC SPONGE
SPICULES AND DISCUSSION OF DATA

Discovery of siliceous sponge spicules Jl()ng with
rare but well preserved soft bodied fossils in Lower
Cambrian (Chen ¢ al.. 1989; Bengtson et al., 1990);
Brock & Cooper, 1993; Steiner er al., 1993; Zhang &
Pratt, 1994) f‘ls demonstrated thar the Porifera was
an important phylum during early Metazoan evolu-
tion n(mining a considerable diversity (Reitner &
Mehl, 1995). Moreover, the abundance of disarticu-
lated sponge skeletons contained in sedimentary rocks
testifies to the major ecological significance ‘of the
Poritera in the Cambrian ecosystem, with abundant
dem()sp()ngu, thin-walled hexactinellids and prini-
tive mult-rayed calcnp()ngcs (Alvaro & Vennin,

1996; Dong & Knoll, 1996; Mehl, 1998). Sponges
also included archaeocyaths, which diversified signifi-
cantly during the Early Cambrian. These constdera-
tions, together with the spicule data, are evidence of a
high degree of diversification during the Cambrian
(l)ong & Knoll, 1996), which may be compared in
importance to the other period of great flourishing of
siliceous sponges that occurred in the Late Cretaceous
(Mehl, 1992). Adaptive radiation during the Middle
Cambrian is documented in the Burgess Shale Fauna
with the greatest diversity of soft bodied sponge tos-
sils (Rigby. 1986), and in the many occurrences of
spicules in  the early Middle Cambrian and
Ordovician (Rigby, 1975, 1977; Bengtson, 19806;
Rigby & Chatterton, 1989; Webby & Trotter, 1993;
nglw & Desrochers, 1993; Alvaro & Vennin, 1996;
Dong & Knoll, 1996; Mehl & Lehnert, 1997:
Danelian & Clarkson, 1998). Scientitic evidence has
demonstrated that various forms of the spicules of the
Burgess Shale and the Lheng,mng tauna include types
not represented in younger associations or in present-
day sponges (Dong & Knoll, 1996; Mehl, 1998).

The recovery of many genera has, to date, been
confined to the Burgess Shale and similar shale suc-
cessions in the Western United States due to the high-
ly favourable preservation conditions for body fossils
of sponges. They should be present in all Burgess
Shale-like basins. Other well-preserved sponges have
been found in the Wheeler Shale (Urah) and in che
Georgina Basin (Australia), both Middle Cambrian
(Meh]—lammen, 1999).

During the Ordovician, thick-walled demo-
sponges became widespread. They have been found
in areas as ftar apart as Eastern Australia and the
Western United States where the two faunas have
some types of sponge spicules and some species or
gencm in common (Klappa & James, 1980; Rigby.

1987; Rigby & Webhy, 1988; Webby & Troter,

1993; ng:lw& Desrochers, 1995).

In some Ordovician demosponges, the skeletal
structure is supported by dcmimcloncs. a type of
spicules that evolved during the Cambrian, and by
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tricranoclones, that persisted up the Permian
(Rigby, 1987), which however, for some unknown

reason, do not occur in  Devonian or in
Carboniferous. The same skeletal architecture has
been observed in the Silurian fauna of North America
and Europe. The demosponge skeletons are com-
posed mostly of s)hcr()cf()nes while che calcareous
sponges have star J raped octactine spicules. The cal-
careous sponges occur widely and n diverse forms
throughout the Permian where they represent major
reef builders, and in the deeper basinal facies, diverse
and abundant hexactinellids and demosponges tlour-
ished (Rigby, 1987).

The evolution of the complex skeletons of hexa-
ctinellid sponges was an extremely slow process that
lasted chroughout the Paleozoic age. In the Early
Paleozoic these sponges may have been very simple

with more or less solid netlike skeleton composed of

adjacent hexactine and hexactine-derived spicules,
although specialized forms similar to the modern
lestln()s.ln sponges, such as the l‘r()t()spongndu
and Dicryospongitdae, (“Rossellimorpha”), are also
known. These two groups were highly specialized and
became extinct: Dictyospongiidae did not leave mod-
ern counterparts; the thick-walled “Rossellimorpha”.
instead, cousd be the ancestors of modern R()ssu{[idnc

(Hall & Clarke, 1898: Mehl, 1996).

Text-fig. 5-  Microfossils  com-
monly recovered in
the residues of the
Spirograptus turricu-
latus and  Strepro-
grapeus crispus .ones
from the Lowe:
Graprolitic Shales. 1)
tragment ol grapto-
lite thabdosome, CP
2771, Sprrograptus
turriculatus Zone; 2-
3) chitinozoans, CP
2778. .‘itrynn raptus

crispus  Zon 2:

Conochitina sp.4
Nestor,  1994;

Conochitina  emmas-
tensis Nestor, 1994;
4-5) radiolarians, CP
2709, Spiragraptus
turriculatus Zone.

Hexacunellid spicule types pmvnde information
about the paleoecology of ancient environments. In
modern seas hexactinellids occur most commonly in
deep-marine environments, but the first forms, defi-
nitely documented in the Upper Sintan — Lower
Cambrian of the Dcngyng Formation, Hubei
Province (Stetner et al.. 1993), appear to have occu-
pied shallow water. During their long history,
Hexactinellida moved several times into deeper
waters; for example, in the Late Paleozoic (e.g. (Jf;lss
Mountains Formadon, Texas) (Finks, 1960; Mehl,
1996). However, during the Middle and Late
Mesozoic they commonly thrived in shallower envi-
ronments and probably migrated into deeper envi-
ronments during the Tertiary (Mehl, 1992). Janussen
(personal communication) suggests that during Late
Cretaceous ditterent groups ot hexactinellids were liv-
ing at different depths: one group lived on the shelf
in comparably shallow water (-100 = 200 m), like in
the Antarctic of today, while other groups were living
in deep water. After the C/T crisis, the taxa that col-
onized the shallow plattorm become extinct, and only
the deep-sea species survived.

From the Middle Cambrian (Georgina Basin,
Australia) upwards, a group of hexactinellid sponges
has been idendfied possessing peculiarly shaped
spicules, follipinules, propeller-like spicules, and pul-
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comvolitns

vinusactins, not previously recognized in younger
associations. These structures are thought 1o have
imparted stiffness o the dermal layer of specialized
sponges, like Thoracospongia Mehl, 1996, the internal
skeleton of which is sull unknown. Pentactine spicules
with swollen rays had already been ftound in the
Cambrian strata of Texas (Rigby, 1973), and were
interpreted as dermal spicules. To date, no such kinds
of spicules have been reported in Ordovician rocks.
However, these new data and the finding of the new
form-species Thoracospongia ichnussiella n. sp., provide
evidence that they persisted at least up to the Early
Silurian, and that the group of hexactinellid sponges
possessing spicules with this particular morphology
moved from the Australian epicontinental sea to the
Eastern Sardinian basin, a marginal area between
North Africa and southern Europe. Untortunately, to
date the few recordings of these spicules make any bio-
geogmphic interpretation premature.

As suggested by Mehl (1998). the heavy spicula-
tion with the development of a dermal cortex may
have developed as a defence against predators or for
ensuring stability in turbulent water conditions in
high energy environments. If their suggested function
is correct, as is likely, the recovery of these spicule
types could be indicative of a shallow-water, racher
than a protected environment. On the other hand,
lithological and also paleontological data clearly point
to the existence of a deep-water depositional environ-
ment with an extensive anoxic zone, where black

Spicule abundances
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organic reach shales were deposited, up to the Early
Ludlow in Sardinia. Thus, the oxygen-poor condi-
tions of the muddy bottom, so unfavourable to
sponge life, suggest that the disarticulated spicule
assemblages belonged to sponges that may have lived
as benthic organisms elsewhere. After death and
decay the sponges disintegrated and cheir spicules,
together with other sedimentary particles, were trans-
ported by the currents from shallow-water environ-
ments to deeper ones to be deposited on the muddy
substrate.  Another possibilicy is that they lived
attached to floating organisms.

CONCLUSIONS

1) A morphological description is provided of the
first assemblages of disarticulated sponge spicules dis-
covered in the black shales of the Demirastrites convo-
lutus. Spirograptus turricularus and - Streptograptus cris-
pus (Early Llandovery) Zones exposed in the Riu
Brabaisu section in SE Sardinia. The spicules belong
to two classes of silica sponges: Demospongiae and
Hexacrinellida. However, as no soft-bodied organ-
isms have been discovered, the morphologic conser-
vatism of the spicules does not enable a more detailed
taxonomic identification.

2) Significant is the recording of specialized follip-
inule and pulvinusactine spicules for which a new
torm-species (Thoracospongra ichnussiella n. sp.) has
been established. These spicules bear some similarities

EXPLANATION OF PLATE 1

Class Demospongiae, 1) Diactine, CP 2778. Spiragraptus turriculatns Zones 4) Triactine, CP 2769, Streprograprus crispus

Zone; 6) Tetractine, CP 2769, Streprograpeus crispus Z.one.

IFigs. 2-3 - Indeterminate Hexactinelhida, Diaxon Triactnes. CP 2769, Steprograpius crispus Zone.
Fig. 5 - Class Hexactinellida, Thoracospongia ichuussiella n. sp.. CP 2769, Streptagraptus erispus Zone.
Figs. 7-14 - Class Hexactinellida, Stauracuness 7-10, 12, 14) CP 2769, Streptograptus crispus Zones 11, 13) CP 2771, Strepragraptus

crispus Z.one.
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to those described for the Middle Cambrian in

Australia. This finding indicates that the group of

hexactinellid sponges possessing these kinds of spicules
existed at least up to the F.ur%y Silurian and ranged
geographically trom Australia to a marginal area thar
existed between North Africa and Southern Europe.

3) Paleoecological interpretation rules out that the
spicules were deposited at the site they inhabited. An
-.151()ch(h()n()us or para-authocthonous origin seems
more likely, the spicules originating in a hi%h energy
and well-oxygenated shelf not far from the black shale
depositional basin.

SYSTEMATIC PALEONTOLOGY

All the spicules studied were examined by SEM.
All specimens are housed at DISTER (Dipartimento
Scienze della Terra), Palynological Collection (CP ),
n®: 2769, 2771, 2776, 2778, at Cagliari University.

The sponge spicules, described essentially on the
basis of tﬁeir shape, are considered to be form-taxa.

All sponge spicules, including the specialized
spicules of /mmmr{wng/}l ichnussiella n. slp. are
siliceous. We consider sponge spicules with rays
arranged not ac right -.mgL-s to belong to the Class
Demospongiae; the others are assigned to the Class
Hexactinellida. 1t should be minte§ out that it is not
easy to distinguish berween iwxnc_{incllid and demo-
sponge spicules because many of the rays in hexa-
ctinellids are not quite orthogonally arranged in all
directions. For example, many spicu{es have tour rays
nearly on the same plane and at angles with central
axis smaller than 90° and with flattened axes.
Theretore, the assignment of certain spicules either to
the hexactinellids or to the demosponges is so uncer-
tain that some workers attribute d‘iffcrcm spicules to
only one group, whereas others assign them to differ-
ent classes (compare Dong & Knoll, 1996: Mehl,
1998; Zhang & Pract, 2000).

Phylum PORIFERA Grang, 1836
Class DEMOSPONGIAE Sollas, 1875

This group is characterized by siliceous spicules,
on monoaxons and tetraxons in which the rays do not
meet at right angles.

9 <

DEMOSPONGID DIACTINES
PL 1, fig.1

Description — Various specimens and types of

strongyle spicules. Three types of monaxon spicules
have %)ccn recovered in the assemblage of sample n®
2769. One is simply cylindrical with truncated ends;
a second type (not figured) is ornamented with a spi-
ral crest running along the whole axis: other monoax-
ons (not ﬁgure&) are slightly acanthose. They vary in
size, mostly between 350 pm and 1200 pm.

Material examined — Eight specimens. CP. 2769,
2776, 2778.

DEMOSPONGID TRIACTINES
Pl 1, fig.4

Description — Spicules are triradially symmetrical;
the three rays lie in different planes at angles of 120
degrees. Specimens with broken ray terminadons
have axial canals sometimes empty, sometimes filled
with diagenetic material.

Material examined — 16 specimens from the
Streprograpeus crispus Zone. CP 2769.

Discussion — Some authors (Dong & Knoll, 1996)
have considered triactine spicules as belonging to the
Class Hexactinellida. The 120 degree angle between
rays is a characteristic feature seen in triaenes, but
never in hexactinellid spicules. Also Calcarea sponges
displny triactines, but the presence of central canals
definitely assigns them to c{;mospongid spicules.

DEMOSPONGID TETRACTINES
PL 1, tig. 6

Description — Spicules with variable morphology
and different ray angles. Tetractine spicules display
two couples of conical rays respectively at angles of
120 degrees, lying on two ditferent planes, not at
right angles to one another.

In the most complete specimens this kind of
megasclere measures no less than 500 pm across.

Material examined — Three specimens trom the
Streprograptus crispus Zone. CP 2769.

Class HEXACTINELLIDA Schmidr, 1870
This group is characterized by siliceous spicules,

basically hexactines, hexactine-derived spicules, or
stauractines, with rays at right angles.

EXPLANATION OF PLATE 2

Figs. 1-3
Figs. 4-8
pus Zone.

- Class Hexactinellidas 1) Nabaviella? sp. C; 2) Nabawviella? sp. A; 3) Nabaviella: sp. B. CP 2769, .Srn;/ﬂogr:znm crispus Z.one.
Class Hexactinellida, Thoracospongia ichnussiella n. sp.. tollipinules. 7: Holotypes S: Paratype. CP 2769, Streptograptus cris-

Figs. 9-10 - Indeterminate Hexacrinellida, Hexacunes. CP 2769, Streprograpius erispus Zoue.
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Genus NABAVIELLA Mostler & Mosleh-Yazdi, 1976

Type species — Nabaviella gracilis Mostler &
Mosleh-Yazdi, 1976.

Discussion — Clavulate spicules are monactine-
derived spicules with one clavulate termination,
umbel-shaped usually 3 to 5 rays, but may be up to
11 — see Nabaviella sp. A, Bengtson 1990 (in
Bengtson er al., 1990).

Among recent Hexactinellida sponges, the only
known clavulate monactines are generally located in
the dermal or gastral layer. Similar elements, but with
difterent function, are the anchoring spicules - parts of
“root-tufts” - in recent hexacrinel]iég sponges that pro-
trude outwards in the basal part, probably so the
sponge can stabilize on a soft substrate. Many
Sardinian Silurian elements resemble anchorin
spicules in having straight rays rather than curveg
umbels, nevertheless we have tentatively placed them in
the form-genus Nabaviella since similar specimens have
been recovered trom the Middle Cambrian Georgina
Basin assemblages (Nabaviella? sp. Mehl, 1998).

Clavulate and anchorate “root rtuft” spicules are
known from the Middle Cambrian of Australia
(Mehl, 1998). from the middle Upper Cambrian of
China (Dong & Knoll, 1996) and the Middle
Ordovician of Newfoundland (Zhang & Pratt, 2000).

NABAVIELLA? sp. A
Pl. 2, fig. 2

Description — Monoaxon stout anchoring spicules
with four-spined umbels. Lateral spines, at right an-
gles to one another, are short, conical and obliquely
pointing backward. The truncated conical central ray
is considerably larger than the umbels; it tapers
towards the distal end. Some specimens have a stout
tubercle, an atrophied or stunted ray. Umbel diame-
ter 370 pm.

Material examined — Two specimens. CP 2769.
Discussion — This spicule type differs from Naba-
viella? s§. Mehl, 1998 as the umbel spines are not

recurved.

NABAVIELLA? sp. B
Pl. 2, tig. 3

Description — Monoaxon clavulate spicules with
four-rayed umbels. Diameter of the umbel no small-

er than 440 pm. Lateral rays at mutual right angles
and obliquely pointing backward at an angle of about
60 degrees to the central axis. Rays more or less cylin-
drical with blunt terminations. Central ray moderate-
ly larger than lateral spines, proximally constricted
and gradually tapering towards distal termination;
distal end unknown.

Material examined — Three specimens. CP 2769.

Discussion — This clavulate spicule difters from
Nabaviella? sr. A in having a less sturdy structure and
longer umbels with respect to central axis.

NABAVIELLA? sp. C
Pl 2, fig. |

Description — This pentactine is an anchorate
spicule displaying a four-rayed umbella with cylindri-
cal rays mutually ac right angles, gently backward
curving. Terminations ofla(era% rays are rounded not
pointed. The central axis is unusually thin for a
spicule of this form-genus and proximally displays a
inghr constriction (“neck”). The most complete spec-
imens have an umbel diameter of 800 pm.

Material examined — Eight specimens. CP 2769.

Discussion — It is uncertain whether this kind of
spicule belongs to Nabaviella because it has five rays
of about equ;ﬁ size. Alternatively it could be placed in
the Class Demospongiae, or another group of the
Hexactinellida(?).

Genus THORACOSPONGIA Mehl, 1996

Type species — Thoracospongia follispiculata Mehl,
1996.

Discussion — The presence in sample n® 2769 of an
assemblage of swollen pentactines (Pl. 2, figs. 4-8)
and swollen stauractines (Pl. 1, fig. 5) suggests the
two spicules were part of the same sponge skeleton;
that is they probably formed a part of an armoured
dermal layer like that reconstructed by Mehl (1998)
for the genus Thoracospongia. The two sponge spicule
types are here combined in the description of this
new form-species, Thoracospongia ichnussiella.

Following Mehl (1998), two types ofspicules are
assumed to ﬁelon to the same hexactinellid sponge:
follipinules (mogiﬁed pentactines) and inflated
tetractines and pentactines (pulvinusactines). In her

EXPLANATION OF PLATE 3

Figs. 1-10 - Indeterminate Hexactinellida: 1-5, 7) Pentactines. CI* 2769. Streprograptus crispus Zone: 6. 8-10) Hexactines: 6: CP 2771,
Streprograprus crispus Zone; 8, 10: CP 2778, Sprvograpius turriculatus Zone: 9: CP 2769, Streptagraptus crispus Zone.
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hypothetical reconstruction. Mehl (1996) included
folFi inules and pulvinusactines as spicules of the der-
mal layer. Only one species, Thoracospongia fo/ltsg)im—
lata Myehl 1996, has previously been described, based
on isolated follipinu{es and pulvinusactines from the
Middle Cambrian of the G};orgina Basin, Australia

(Mehl, 1996, 1998).

THORACOSPONGIA ICHNUSSIELLA new species
Pl 1, fig. 5: PL. 2, figs. 4-8: Text-hig. 7

Diagnosis — The species is characterized by an
;lssembﬁlge of two types of specialized spicules, one
consisting of robust pentactines with a conical princi-
pal ray and four short swollen rays at right angles, and
the second comprising a stauractine X-shapes spicule
with inflated rays.

Description — The species consists of pentactine
spicule types (Pl 2, figs. 4-8) and four-rayed swollen
stauractine types (Pl T, fig. 5). The pentactine stud-
shaped pinula, 250 — 450 rm in diameter and from
600 pm up to 1000 pm in length, is basica”g a triax-
on, with atrophied rays to form pentactines. Four, lat-
eral short swollen spines are at right angles, and have
blunt terminations in one plane at 90 degrees to the
central axis. Central axis is stout, (runcateg conical or
likely conical in unbroken specimens (Pl. 2, fig. 4)
and proximally constricted F‘neck"), just below the
four-spined, stcud-shaped head.

The stauractine spicules are X-shaped; they have
inflated rays that lie in one plane; they never develop
a pillow-like shape. Dimensions ot the four-rayed
stauractines are from 350 — 400 pm.

Etymology — From the ancient Punic name of
Sardinia (Ichnussa).

Types — Holotype, CP 2769, (PL. 2, fig. 7) and
paratype, CP 2769, (PL. 2, fig. 5) from the Swrepto-
graptus crispus Zone.

Material examined —10 specimens. CP 2769.

Type horizon — Black silty shales, Streptograptus
crispus Zone: Lower Graprolitic Shales.

Type locality — Riu Ollastu river-bed, at the conflu-
ence with Riu Brabaisu. Sarrabus region, SE Sardinia.

Discussion — In one hypothetical reconstruction
(Text-hig. 7) following Mem (1996, 1998) we assume
the four-rayed heads of the pentactine spicules (PI. 2,
figs. 4-8) were buried in the mesenchyme up to the
proximal constriction forming an armoured inner
dermal layer while the outwarfprmruding stout cen-
tral rays formed a loose or more tightly fused palisade.
The inner armour very likely displayed a s(eﬁ)are pat-
tern layer. The stauractines and other types of hexac-
tine spicules were probably buried in the soft body to
reinforce the skeletal structure.

DERMA

MESENCHYME

BASTRAL

Texr-fig. 7 - Hypothetical reconstruction of Thoracospongia ich-
nussiella n. sp.. For description see the text.

Comparisons — Thoracospongia ichnussiella n. sp.
difters from T follispiculaza in having stauractines,
not true pillow-shaped pulvinusactines, and a differ-
ent pentactine central axis shape that is stout conical,
not balloon shaped. Pentactine stud-shaped pinulas,
similar to those described in the Sardinian Silurian,
are present in the Middle Cambrian sponge spicule
associations of the Georgina Basin (D. Janussen, per-
sonal commun., 2002).

INDETERMINATE HEXACTINELLIDA

A variety of stauractine, pentactine and hexactine
spicules have been found. They probably represent
({;rmal, mesenchymal and gastral megascleres. Sample
n°® 2769 is the richest sample for these megascleres.

TRIAXON TRIACTINES
Pl 1, figs. 2, 3

Description — They are 600 - 1000 pm long; on
some specimens the side branch is almost of normal
size (PL. 1, fig. 2), giving the spicule a more regular T-
shape (tauactine). Bengtson (1986) suggested that
this type of spicules, with their pointed ends and
minor side branches, could be considered monoax-
ons. In the terminology of recent Hexactinellida they
are called rauactines, triaxon triactines.

Material examined — 10 specimens. CP 2769.

Discussion — The spicules bear a very close resem-
blance, if not identical, to those illustrated by Dong
& Knoll (19906) in fig. 7.18 and 7.20 from the Late

Cambrian of IHunan (China). Tauactines are also
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reported from the Middle and Upper Cambrian of
Australia (Bengtson, 1986; Mehl, 1998) but are not
common in the assemblages. In recent poriterans T-
shaped spicules occur in lyssacine Hexactinellida
where they are mesenchymal not dermal.

HEXACTINELLID STAURACTINES
Pl 1, figs. 7-14

Description — Stauractines are only second to hexa-
ctines in abundance.

They are of several kinds. One stauractine type is
tctrar;u‘inlly symmetrical (Pl. 1, figs. 8, 12, 14) with
the four rays murtually at right angles and cylindrical,
nearly in the same plane.

A second type is biradially symmetrical and dis-
plays conical rays at right angles (PL. 1. fig. 1), with
forwardly diverging lateral rays. A third type of stau-
ractine (Pl 1, figs. 9, 13) is biradially symmetrical,
and displays four slightly curved rays with two oppo-
site rays shorter than the others. The rays are com-
pressed and the central canal is preserved. A fourth
type (PL 1, fig. 10) has obliquely diverging rays,
which are different in shape anL]{ length. A fifth type
(PL. 1, fig. 7) displays a stout, wedge-shaped, central
ray and two forward-diverging, lateral rays. These are
shorter than the central rays, rectangular in shape and
compressed. This massive spicule was probably
derived trom the dermal layer. The megascleres mea-
sure no less than 500 pm.

Material examined — 40 specimens trom  the

Streptograptus crispus Zone. CP 2769, 2771.

Discussion — Similar spicules, in particular those of
the first and second types, very likely belonged tw
hexactinellid sponges, like those reported trom the
Middle and Upper Cambrian of Hunan, China
(Dong & Knell, 1996).

HEXACTINELLID PENTACTINES
Pl. 3, figs 1-5,7

Description — Pentactines are common in one sam-
ple where they display a variety of forms and the five
rays are almost at right angl_c.\ (!’l. 3, tigs. 1, 2.‘4).
Some forms have slender cylindrical rays (PL. 3. figs.
5, 7). others display stout cenical rays (PL. 3, fig. 2).

Some pentactine spicules are of acanthose type
(PL. 2, fig. 3) bearing a spiny crest along one ray
(rhabdome).

Material examined — 25 specimens. CP 2769.

HEXACTINELLID HEXACTINES
Pl 2, figs. 9. 10; PL. 3, figs. 6, 8-10

Description — Hexactine spicules are common in
the studied horizons and particularly in sample n°

2769. Unfortunately hexactine spicules were always
broken theretore, only a general description is possi-
ble. They have slender cylindrical or conical rays (Pl.
2, fig. 9 and PL 3, fig. 8), with blunt terminations.
Some have atrophied rays and are generally smooth.
Some bear small spines at the base of the rays (Pl 3,
fig. 9) and a few aster-shaped, hexaradially symmetri-
cal rays have also been observed (PL. 2, figs. 9, 10). An
axial canal is always present.

Material examined — 40 specimens frem the three
Zones: Demirastrites convolutus, Spirograptus turricu-
latus and Streptograptus erispus. CP 2769, 2771, 2778.
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