
Bollettino 
dell a 

Societa Paleontologica 

ltaliana 

Pubblicato otto gli auspici 
de! Consiglio Nazionale delle Ricerche 

Volume 42, n. 3, 2003 

MUCCHI - MODENA 



Bollmino tie/la Som:rn l'flkomoloJ[ir,1 !tali,m11 42 (3). 2003 ISSN 0.-7"i-7633 2:l'i-239 l\lo<lena, 01<:emhre 2003 

Early Silurian siliceous sponge spicule assemblages from the Sardinia 

Hercynian Chain (Italy) 

Paola P1TrAU Francesca COTZ1\ Myriam DFI R1n 
Dipanimrnro �c1enze Jella ·1crra, 

Univcrsita di Cigli:iri 

KE}' \'(IORDS - '>pongl' sp1r1,/e5, s,,m111tllics. &tr(y ')i/uri,111. Sr1m1bm. S11rdm1,1.

ABSTRACT - J\,fodemrely well preserved, disnrtirnlared sponge spmi/e, fJfrttr 111 thr Llrmdovt'r)' Demiras1rires convolurns-5trept0grap1 us 
crispus :wllltl J11rcess1011 of sourh-easrern '>nrdmi11, ltr1(y. The ,p1c11/t's-/m1ri11g stmt,t an· /,e/ie11rd to l"1t't! bern dt'posired 11 1 11 distnl pl11tjim11 r1111i· 
romnmt. rh,1mcterizl'll kY lim,ud watrr rm:ula11011 ,md t111ox1r - d)'sox1c bottom condmom. winch 1s chnmrrrri:ud �V epipelng11: r(llm111mi1ies 
ofgmpt(Jlites. rhitinow,ms 1111d nuliolnrurm. A.rsnnblnges r1·c1111ere1i /mm four .rll"fll1g,,1phu· honzom mclude fr11rf;• d11,ersr siliceous sponge sp,mles 
without ro-ocrur�r11ce ofsponge �od_y fowls. Repm�ntnrh-es ofde111mpr111ges ,md he.�11c"ti11ellid,_hnvr bren irlmtif.ierl ,11 1d (our disti11rri11r 11euijrm11·
tnx11. Nabav1cllat ,p.A. Nabav1clla? sp.B. Nabav1elb'. sp.C. 1111d Thoracospongu 1chnuss1clla h1111e bem rlesmbetl Time ,m the ft.rst Early 
Sil1mr111 .rpmt!1· ,1SSembl,1g1·s desrri/H•d

f
i·om n 11orthern r:011rl111m11111 term111e and rim is the Jim recordurg of spec111bzed propeller-hke spimles

rmd p11l111n11sacrmes III sedZ1J1f'11ts xo1111ger than G1111bnn11. (,11101 rhm silireous ;prmge spmile 11.w111l>h1ges arr nm freq 11e11t�)' disro 1,erfrl III thr 
Lower l'aleozoir. time lll'U' r/mn (l{/d to thr 1111derstllndi11g o(spo11ge 1axono111_>1 hios1m11gmp/�y and 1•11olu1ion. The occ111"r,'11n• of dicrene siliceous 
sponge spicules in oxygm-poor bouom mviromnr111. where 6l11t"k shale is dt'posited, mggcm tl1t11 the sponge> 1111'1'1' l1k1·lv tmmported after demh b;, 
water curre111s. or ,hat the_v lived att11chul to flom111g orgt1111.m1s.

· 

RIASSUNT0-1 Associazioni di \picole di �pugnc <lei Siluri:rno inleriorc dclla catcn,1 crci111c,1 \ardJ 1 - H•ngono d,·smrre assoc111zio111 
d1 1picolr di sp11g11r ri11ve11ure 11ei bl,1rk shnles siltitm ,. /i,lwri, de/le 7.l/llt' 11 Oc:miraMrire� co11volu1 u�. <;pirograpw� turricularm r 
S1 reprogr:1prm crispu, ( l.la11do1,ery). rsposti nlla ro11fl11,·nu1 de, RJ11 Bmbnim - Riu 011,wu. 111•/l,1 reg1one de/ Sarrnbw. l.e roffl' m111ene111i le 
sp,role denvnno d,, deposiri di piatt4imna tlist11le. di ,1mbm11e tliws;ico - t111ossiro. t1 li11111t1rt1 tirrol11z1011e rli acq1111 sul_(o,ulo. ii conm,uro
paleo1110/og1co co11siste in mpprese111a11t1 d, ro1111111/tn ,-prpelagrrhe q11ali gmptolir,, d11tim1zoi ,· mdiol,m. l.e 11ssoci,1zioni drsrritte <"0111pm1tlo110 
1111t1 1111rinn d, sprtole r/1 sp11g11I' silica ,tp pnrtl'l/entr nlle Clnm Dmwspo11g_nt I'd Ht'x11m11el/1dn: so/JO .wue 1de111ifimre e descmre quauro 1111ove 
formn-specie: Nabaviclla? sp. A, Nabav1dla? .;p. R. NJba, id!J? ,p. ( ,. ') hor.1cospongia 1chnu,siclla. I ,1 prem1:w di 111egnsdere sp_eanliz.z.nre. 
,,eros11111l111rme demut!i,1 q110'1 pulv11111st1m11ie 1• p_ropeller-bke sp1role. mgga,scr ,mimgine ,1'/ortonn o p,m111u1ctonn de/le spicolr: dn 1111 p111110 
d1 ,,isrn r11ol 111i1:o mende l'esim•nur d,•/11• >p11gnl' (hex11rti111•/lidi) porrnmri d, qu,•stt• p,m,rol,m sp,colt· dal C11mbr1,m11111Nl1011/ Sil1ma110 t1(fe· 
r10re: dn 1111 p11nto d, 111stt1 p11leob1ogeogm.firo qucsto rim11111111emo docume111,1 nltrt·si /11 rlispersione r/1 queste (p11g11e, 111•1 •en11111 nel f'aleozoico u1fe· 
riore, dall'A 11stml1t1 (Cnmbrr,1110 medio) nd 1111'nrea 111argi1111/e nl Nord Co11dw1111a e md F.uropn (Si/11m1110 111/i-riol'e). 

INTRODUCTION 

Herein we describe disarriculared sponge spicult:� 
accidentally discovered while processing samplc1- for 
recovery of chirinozoans from Lower Silurian �craci­
graphic successions of SE Sardinia. 

The purpose of rhe srudy i!> co describe the mor­
phological variarion of rhe disarriculared spicule� co 
gain a berrer understanding or rhe paleonrological 
content of the Silurian succes11ions in the Sardinian 
Hercynian chain. It was not possible ro identify rhe 
gerrn1., che family or the order or the sponges by 
analysing the fossil spicules, because several cype!> or 
morphologically diver�e spicules may occur within 
the same sponge, and sometimes similar spicule� can 
be observed in species belonging lO different orders or 
classes (Hartman et fll., 1980). However, spicule 
form-raxa are sometimes reported as having specific 
diagnostic characlers (e.g., Bengtson er 11!., 1990; 
Webby & Trotter, 1993; Dong & Knoll, 1996). 

The spicules retrieved from che samples collected 
from the Sardinian Silurian for the most pan seem co 
belong to a variery of sponge raxa referable to rwo 

poriferan classes, and a few that might indicate new 
sponge species. lnasmuch as rhese discrete elements 
are conservative in their skeleral morphology, sponge 
spicules rarely provide decisive biosrratigraphic infor­
marion, however sometimes chey mav be biosrrari­
graphically useful (Mehl & Mosrler. '1993). Fauna! 
elements rerrieved and described from various pares 
of rhe world from Cambrian (Mehl, 1998; Zhang & 
Pran. 1994). Silurian (de Freitas, 1991), Upper 
Devonian (Dreesen t't fll .. 1985) and Upper Triassic 
sedimentary rocb (Mosrler, I 986b) are similar to

modern counterpam (e.g., Kolcun, 1970; De Vos et 
al .. 1991; see also Mosrler, I 986a). 

GEOLOGICAi SFITING 

The sponge spicule assemblages were recovered 
from a Silurian �uccession cropping out in rhe 
Sarrabus region of SE Sardinia (Texr-fig. I}, in rhe 
souchern porrion of the Sardinian Hercynian chain 
(Genn'Argiolas Unir). In this area the various parts of 
rhe Silurian succession are broken up into allochrho­
nous blocks in normal or inverted stratigraphic 
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Text-fig. 1 - Geological map of the area berween tht: Riu 
Ollasru and Riu Brabaisu rivers showing the loca­
tion of chc studied outcrops (Co!7.a, 2000). Note 
also rhc inset map showing location of the area in 
chc SE corner of Sardinia. 

sequence (Barc:1, 1991), embedded in a sandstone 
formation probably corresponding ro rhe Hercynian 
flysch (Pala Manna Formation) of probable Early 
Carboniferous age. The bioscrarigraphy of rhe 
Silurian succession (Texr-flg. 2) has been described in 
considerable derail by Jaeger (l 977) and Barca & 
Jaeger ( l 990), suggesting char rhese blocks belong ro 
che "Lower Graproliric Shale..�" lirhostratigraphic unit. 
The "blocks" arrribured ro rhe Ockerkalk and "Upper 
Graproliric Shales" crop our further 20 km north­
wards Riu Ollascu area, stacked in the stratigraphic 
sequences of Cambrian-Carboniferous a�e of the 
Gerrei tectonic unit. The Lower Graprol1ric Shales 
comprise rhe biostracigraphic units between rhe 
Cystograptus vesicuLosus and probably Parakidograptus 
11cumirwtus Zones (Rickards et al. 1995), and rhe 
Colo11ograptus (?) colonus-niissoni Zone, including al­
most all rhe graprolire-bearing zones of rhe 
Llandovery and Wenlock. The srudy area can be 
reached by a country road co the west of the National 
Road (SS 125) ac the km 44 marker. The samples 
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taken from Koren et nl ( 1996). Thickness and 
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were collected from exposures on the left bank of the 
Riu Ollastu river where ir joins the Riu Brabaisu; the 
degree of exposure depends on the presence or 
absence of an alluvium cover in the riverbed (Text-fig. 
3). T he succession is composed of massive lydire beds 
up co 20 cm chick intersrrarified with graprolice-bear­
ing black silty or clay-silty shales having coral thick­
ness of about 12-13 m, exrending up co a few tens of 
merres. le spans che inrerval of the Demirastrites con­
vo!11tus co Streptograpt11s crispus Zones, in inverse 
stratigraphic succession (Text-fig. 4). 

Cemimecer-rhick quartz lenses (radiolarites) are 
commonly embedded in che lydite layers (Greeiling, 
1977) especially in che Spirograptus t11rriculatus and 
Demirastrites convolutus Zones. 

T he Llandoverian scrara are believed co have been 
deposited in a distal platform environment, charac­
terized by limited water circulation and anoxic -
dysoxic botcom conditions, as indicated by the sedi­
ment type and fossil conterir (Gorrani, 1922; 
Schneider, 1972; Helmcke, 1973; Jaeger, 1976; 
1991; Barca & Jaeger, 1990; Corza, 2000) which i1> 
characterised by epipelagic communities: grapcolites, 
chitinozoans, radiolarians. 

PALEONTOLOGICAL CONTFNT 

All sponge spicules recovered from the Riu Ollastu 
outcrops, including the specialized spicules of 
Thoracospongia ichnussiella n. sp. and Nabaviella? spp. 
are siliceous and were recovered from the black silty 

Texc-fig. 3 - Piccurc of the �cc­
tions (A and 8) ouc­
croppi ng along the 
Riu Ollascu-Riu Bra­
ba isu river conflu­
ence. Note rha1 chc 
em ire scccion ,s ovcr­
curncd. The location 
of th<: 5amples con­
caining siliccou� spi­
cules. 1) er 2769; 
2) er 2171; .3) er

2776; 4) er ins.

shales by dissolution using dilure hydrofluoric acid. 
Fragmenrs of three-dimensionally preserved grapro­
lices. many radiolarians and some chicinozoans were 
also retrieved from che residues (Text-figs. 5.1-5.5). 
The three-dimensionally preserved chicinozoans iso­
lated from the Demirastrites convofurus Zone have 
been identified as Conochitina emmrlstensis Nesror, 
1994 (Text-fig. 5.2) and Co11ochirina sp. 4 Nescor, 
1994 (Texr-fig. 5.3). T heir presence in rhis zonal 
interval is consiscenc with rhe concurrenc presence of 
the two species in Estonia (Nescor, l994), where they 
have been observed in the upper pare of Lhe RaikkUla 
and lower part of rhe Adavere scages, in rhe equivalcnc 
Demimstrites convo!utus - Spirogmptus turriculatus 
zonal inrerval. Radiolarians, very abundant in sample 
n° 2769 and common in the samples 11° 2771 and 11° 

2778, are mainly represented by spherical capsules 
with linear depressions (Texc-fig. 5.4) and heteropo­
lar (hemispherical) capsules (Text-fig. 5.5) likely all 
belonging ro che Order Spumellaria. 

SAMPLES AND LABORATORY TECHNIQUES 

Extraction of the sponge spicules was first 
attempted using che palynological technique (40 per­
cent solution hydrofluoric acid), which completely 
dissolved rhe rock but ruined che spicules, breaking 
chem inco Fragmenrs. Subsequently the samples were 
treated using Pessagno and Nerworr's technique 
( 1972) generally suitable for sponge spicules, radio­
larians and other siliceous microfossils. 
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Tt:xl·fig.. 4 - I. i1howatigraph1c column, with inJil:.11ion of tht" 
gl':lpt0lici: 1.onal m.,rker� .ind thi: po�i1io11 of 1he 
srndicd samples. The scracigplic sccnons arc repre­
\cnrcd graphically a_, lhcy ,;r�· exposed, ovenurncd. 

Each sample, selected from field collections, was 
broken wirh a small sledge hammer into pieces no 
larger rhan 2 cm. Roughly 70 g of crushe<l rock was 
placed in a five percent solution of hydrofluoric acid 
and left on an agitator for 24 hours. The acid was 
chen diluted with distilled water and afrer about one 
hour removed using a water pump. 

le was necessary to repeat this procedure several 
rimes :is only from five ro ren percenr of rhe sample 
was dissolved ac a rime. The residue was separaced 
using 230 and 90-micron sieves and then hand 
picked under � binocular microscope. Sample 11° 

2?69_ reacted fairly quickly, libera!ing rhe \picub
after 1usr three treaLmenrs, whereas for Lhe orher sam­
ples comaining higher proportions of ly<lire and 
smaller number5 of spicules, the procedure haJ co be
repeated seven times. Samples n° 2769, 2771, 2776 
and 2778 corresponding ro rhe Demimstrites conr,olu­
ws, Spirogn1pt11s lurrimlatus and Streptogmptus crispus
zonal span, yielded spicule abundances as shown in 
Texc-11g. 6. 

MORPHOL QC.I( ANO STRATll;JV\PHI( 

BACKGROUND OF l OWER PAI EOZOIC SPONGE 

'>PIClll ES ANO DISCUSSION OF DATA 

Discovery of siliceous �ponge spicules along wiLh 
rare bur well preserved soh bodied fossils in Lower 
Cambrian (Chen et al.. 1989; Bengtson er ,zf.. 1990; 
Brock & Cooper, 1993; Sreiner et al .. 1993; Zhang & 
Prarc, 1994) has dcmom.Lrated that the Porifera was 
an imporrant phylum during early MeLazoan evolu­
tion attaining a considerable diversity (Reimer & 
Mehl, 1995). Moreover, the abundance of disarticu­
lated sponge skelecorn, contained in sedimcncary rocks 
resrifies to rhe major ecological significance of the 
Porifera in rhe Cambrian ecosysrem, wirh abundanr 
demosponges, thin-walled hexacrJnellids and primi­
tive multi-rayed calcisponges (Alvaro & Vennin. 
1996; Dong & Knoll, 1996; Mehl. 1998). Sponges 
also included archaeocyarhs, which diversified signifi­
cantly during rhe Early Cambrian. These considera­
tions, together wirh rhe �picule dara, ..tre evidence of a 
high degree of diversification during rhe Cambrian 
(Dong & Knoll, 1996), which may be compared in 
importance co che orher period of great flourishing of 
siliceous sponges rhat occurred in rhe Lare CreLaceous 
(Mehl, 1992). Adaptive radiaLion during rhe Middle 
Cambrian is documented in the Burgess hale Fauna 
with the grearesr diversity of sofr bodied sponge fos­
sils (Rigby, 1986), and in rhe many occurrences or 
spicules in che early Middle Cambrian and 
Ordovician (Rigby, 1975, 1977; Bengtson, 1986; 
Rigby & Chatterton, 1989; \'«ebby & Troccer, 1993; 
Rigby & Oesrocheri,. 1995; Alvaro & Vennin, 1996; 
Dong & Knoll, 1996; Mehl & Lehnert, 1997; 
Oanelian & Clarkson, 1998). Scientific evidence ha!> 
demonsrrared chat various form� or rhe spicules of rhe 
Burgess Shale and che Chengjiang fauna include cypes 
not represented in younger associauons or in presenr­
day sponges (Dong_& Knoll, 1996; Mehl, 1998). 

1::he recovery of many genera has, ro dare, been 
conlmed to the Burgess Shale and similar shale suc­
ces�ions in the Western United Scares due to the high­
ly favourable preservation conditions for body fossils 
of sponges. They should be present in all Burgess 
Shale-like ba$irn,. Other well-pre$erved sponges have 
been found in che Wheeler Shale (Urah) and in rhe 
Georgina Basin (Australia), both Middle Cambrian 
(Mehl-Janussen, 1999). 

During che Ordovician, chick-walled demo­
sponge� beca�ne widespread. They have been foLU,d 
in areas as far apart as Eastern Australia and the 
Western United Scares where che cwo faunas have 
some rype.!> of sponge spicules and some species or 
genera in common (Klappa & James, 1980; Rigby, 
1987; Rigby & Webhy, 1988; Wcbby & Trotter, 
1993: Rigby & Desrochcr.s, 1995). 

In some Ordovician demosponges, the skeletal 
srrucrure is supported by dendroclont:s, a type of 
spicules ch::ir evolved during rhe Cambrian, and by 
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cricranoclones, char persisred up ro che Permian 
(Rigby. 1987), which however, for some unknown 
reason, Jo nor occur in Devonian or in 
Carboniferous. The same skeletal archirecrnre has 
been observed in the Silurian fauna of North America 
and Europe. The demosponge skelerons are com­
posed mostly of spheroclones while Lhe calcareous 
sponges have scar-shaped ocracrine spicules. The cal­
careous sponges occur widely and in diverse forms 
throughout che Permian where they represenr major 
reef builders, and in che deeper basinal facies, diverse 
and abundant hexacrinellids and demosponges flour­
ished (Rigby, 1987). 

The evolution of che complex skelerons or hexa­
ccinellid sponges was an exrremely slow process char 
lasred rhroughour rhe PaJeozoic age. In the Early 
Paleozoic chese sponges may have been very simple 
with more or less solid nerlike skelecon composed of 
adjacent hexacrine and hexactine-derived <;picules, 
although specialized forms similar co the modern 
lyssacinos:111 sponges, such as che Procospongiidae 
and Dicryospongiidae, ("Rossellimorpha"), are also 
known. These rwo groups were highly specialized and 
became exrincr: Dicryospongiidae did nor leave mod­
ern councerparrs; the chick-walled "Rossellimorpha". 
instead, could be rhe ancescors of modern Rossellidae 
(Hall & Clarke. 1898; Mehl, 1996). 

Tcxt-lig. 5 - Microfossils com­
monly recovered in 
the rc.�iduc� of the 
Spirogrnprus rurrim­
lmus .rnd Srrepro­
gmprw crrsp,u Lones
from the Lower 
Grapt0li1ic Shales. I) 
fragmcnc or grapro­
lire rhabdmomc. CP 
2771. Sprrogmptus 
1urricul11111s Zone; 2-
3) chi1inozo:1n�. CP
2778, Srreprogrnptm 
rrispus Zone: 2: 
Co11ochirin11 �p.4 

csror, 1994: 3:
Conochi111111 emnuu­
tensrs Nestor, J 994;
4-5) radiolarians, CP
2769, Spirogmprus
wn·1mlm11s 7.,onc.

Hexacrinellid spicule rypes provide information 
about rhe paleoecology of ancient environments. In 
modern �eas hexacLinellids occur most commonly in 
deep-marine environments, but the first forms, defi­
nitely documenred in the Upper Sinian - Lower 
Cambrian of rhe Oengyng Formation, Hubei 
Province (Steiner et al.. 1993), appear co have occu­
pied !>hallow water. During rheir long hisrory, 
Hexactinellida moved �everal times inro deeper 
waters; for example, in rhe Late Paleozoic (e.g. Glass 
Mountains Formation, Texas) (Finki., 1960; Mehl, 
1996). However, during the Middle and Lace 
Mesozoic they commonly thrived in shallower envi­
ronments and probably migrated into deeper envi­
ronmenrs during the Tertiary (Mehl, 1992). Janussen 
(personal communication) suggests that during Lare 
Cretaceous different groups of hexaccindlid1, were liv­
ing ar different depths: one group lived on che shelf 
in comparably shallow water (-100 - 200 m), like in 
che Ancarcric nf coday, while other groups were living 
in deep water. After the CIT crisi:., the taxa char col­
onized the shallow platform become extinct, and only 
the deep-sea species survived. 

From the Middle Can1brian (Georgina Basin, 
Australia) upwards, a group of hexaccinellid sponges 
has been identified posse!)sing peculiarly !>haped 
spicules, follipinules. propeller-like spicules, and pul-
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vinusactins, not previously recognized in younger 
associations. These structure� ,tre thoughr co have 
imparted stiffncs:. co the dermal layer or specialized 
!,ponges, like Thommspo11gi,1 Mehl, 1996, the incernal 
skelecon ()f which is still unknown. Pcnracrine l>picuJes 
wirh swollen rays had already been found in rhe 
Cambrian strata of Texas (Rigby, 1975). and were 
interpreted as dermal spicules. To dare. no such kind!> 
of spicules have been reporced in Ordovician rocks. 
However, rhese new data and che finding of rhe new 
form-species Thomcospongifl ich1111ssie!fft n. sp., provide 
evidence that chey persi1,ced ar least up ro rhe Early 
Silurian, and that the group or hexaccinellid !.ponge'> 
possessing spicules wirh this particular morphology 
moved from rhe AuscraJian cpiconrinenral sea ro the 
Eastern Sardinian basin, a marginal ,trea bctween 
North Africa and southern Europ�. Unfortunately, to 
dare rhe few recordings of the�e spicules make any bio­
geographic incerpreration premature. 

As suggested by Mehl ( 1998). rhe heavy spicula­
tion wirh rhe devclopme111 of a dermal cortex may 
have developed as a defence against predators or for 
ensuring srabiliry in rurbulent waccr condirion& in 
high energy environmenc!,. If chcir suggested function 
is correct, as is likely, rhc recovery of rhe!>l.' 1,picule 
rypcs could be indicarive of a :.hallow-water, rather 
rhan a protected environment. On the other hand, 
lithological and also paleomological data clearly poim 
co the existence of a deep-water depositional environ­
ment wirh an extensive anoxic zone, where black 

Spicule ahundanrcll 

I 

l 

lexr-tig. (l - Bimtrarigr,1phic 
\Chemc with i11d1ca­
rio11 o( ,.1111plcs yicl­
<lin� ,pongc �p1culcs 
111 the Riu Ollastu­
Riu Br.1hai,u our­
crops �ccrion�. Ahu­
n<l.mce ol the spicu­
lc:s recovered m 70 
grams of proce,sed 
rock 1, rcprc,c:mcd 
&raphic:.1lly br the 
following ,ymbols: 
<lone<l line indicates 
,t fow ,pccimcn,: 
rh 111 black bar .1 few 
rem: thick hla,k h.11 
indicace� about one 
hundred spicules. 

organic reach 5hales were deposited, up co rhe Early 
Ludlow in Sardinia. Thus, rhe oxygen-poor condi­
tions of rhe muddv hotrom, so unfavourable co 
sponge life, suggesr' that the disarriculated spicule 
assemblages belonged to sponges char may have lived 
as benrhic organi�rn!> elsewhere. After dearh and 
decay the :.ponges disinregrarl.'d ,rnd their spicules, 
together with other sedimencary particles, were rran�­
porced by rhe currenrs from 5hallow-watcr environ­
ments LO deeper one� co be depo!>itcd on rhe muddy 
subsrrate. Another possibiliry is rhar they lived 
attached ro Ao�uing organi�ms. 

CONCL ll�ION\ 

I) A morphological description is provided of the
first assemblages of disarriculared sponge spicules dis­
covered in the black shales ot the Demirastriw co,,vo­
Lutus, Spirograptus t11rrirnlatw and Slrl'jltogmptus O"is­
pus (Early Uandovery) Zones expo�ed in rhe Riu 
Brabai�u section in SE Sardinia. Tht· �picub belong 
ro two classe� of �ilica !,ponges: Demospongiae and 
Hexacrinellida. However, .ts no sofr-bodied organ­
isms have been di�covered, the morphologic conser­
vatism of rhe spicules does nor enable a more derailed 
taxonomic idemificarion. 

2) Significant i, rhe recording of specialized follip­
inule and pulvinusactine spicules for which a new 
form-species ( Thomcospo11gia idmussieflll n. sp.) has 
been established. These spicule� hear some !>imilaricies 

EXP( .ANJ\TION nr Pl J\TF 1 

rig,. 1. i. 6 
hg\. 2 3 
Fig. 5 
Vig�. 7 14 

Cl.t�, Dc111o�po11gi:1e. l) Di.1ninc, CP .r�8. Sp1mgmp1w 111rrrr11!11fll.< /,one; 1) Tnacunc, CP 27(,9. Srrcprogmpw; oupw 
Zo111:; 6) Tctra,tinc, CP 2769, Streprogmprw <'ri.<pu., Zo111:. 
lndctcrminatc Hcxacrinell1d:1, I )1.1xon Triaccmcs. CP 2-69. '>treptO(!,lilfllllS cmpm Zone. 
Cla�, Hexanincllid.1. 711orr1a1spong111 id11111ssil'llfl n. ,p .. Cl' 2769, 's1rq,togr,1pt11s ai,pus .t'.1111c 
Cla,s Hexacrindlida, StaurJcrtllt:\; - 10, 12. 14) CP 2769. '>rrl'progmprm cri.1pm Zone; 11. I�) CP 2771. \'m'[l/fJgmp1w 
,nspus /,one 
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to those described for the Middle Cambrian in 
Ausrralia. This finding indicates that the group of 
he�actinellid sponges possessing rh�sc �inds of spicules 
existed at leasr up co the Early Silurian and ranged 
geographically from Australia co a marginal area char 
existed becwcen North Africa and Sourhern Europe. 

3) Paleoecological interpretation rules our char rhe
spicules were deposited ,lt che site chey inhabited. An 
allochthonous or para-auchocrhonous origin seems 
more likely, rhe spicules originating in a high energy 
and well-oxygenated shelf not far from rhe black shale 
depositional basin. 

SYSTEMATIC PALEONTOLOGY 

All che spicules srudied were examined by SEM. 
All specimens are housed ar OLSTER (Diparcimenro 
Scicnze delb Terra). Palynological Collection (CP ). 
n°: 2769, 2771. 2776, 2778, ac Cagliari Univer�icy. 

The sponge spicules, described essentially on the 
basis of their shape, are considered LO be fom1-rnxa. 

All sponge spicules. including the specialized 
sr.icules of Thoracospongin ichnussiell,1 n. sp. are 
siliceous. We consider sponge spicules with rays 
arranged not at right angles to belono to the Class 
Oemospongiae; the others are assigne� to rhe Class 
Hexacnnellida. It should be pointed our chat ir is not 
easy tO distinguish between hexaccinellid and demo­
sponge spicules because many of rhe rays in hexa­
crineDids are not quire orthogonally arranged in all 
directions. For example. many spicules have four rays 
nearly on rhe s�rn1e plane and at angles with central 
axis smaller than 90°, and wirh fla[rened axes. 
Therefore, rhe assignment of certain spicules eirher ro 
the hexacrinellids or co the demosponges is so uncer­
rain char some workers attribute different spicules to 
only one group, whereas others assign chem to differ­
ent classes (compare Dong & Knoll, 1996; Mehl. 
1998; Zhang & Pran. 2000). 

Phylum PORIFER,-\ Grant, 1836 
Class DEMOSPONCl/\1" Sollas, 1875 

This group is characterized by siliceous spicules, 
on monoaxons and rerraxons in which che rays do not 
meer at righr angles. 

0EMOSPONLID DIAll lNE� 
Pl. 1, fig. I 

Description - Variou.s specimens and types of 

strongyle spicule�. Three types of monaxon spicules 
have been recovered in rhe assemblage of sample n° 

2769. One is simply cylindrical wirh truncated ends; 
a second rype (nor Figured) is ornamented wich a spi­
ral crest running along the whole axis; other monoax­
ons (nor figured) are slighrly acanrhose. They vary in 
size, mostly between 350 �1m and 1200 pm. 

Material examined - Eiglu specimens. CP. 2769, 
2776. 2778. 

0EMOSPONCID TRIACl.lNES 
Pl. l, ftg.4 

Description - Spicules are triradially symmetrical; 
the three rays lie in different planes at angles of 120 
degrees. Specimens wirh broken ray terminations 
have axial canals sometimes empty. sometimes fllled 
wirh diagenetic material. 

Material examined - J 6 specimens from rhe 
Streptogmptus crispus Zone. CP 2769. 

Discussion - Some authors (Dong & Knoll, 1996) 
have considered rriacrine spicules as belonging co the 
Class Hexacrindlida. The 120 degree angle berween 
rays is a characteristic feamre seen in rriaenes, bur 
never in hexacrinellid spicules. Also Calcarea sponges 
display criactines. but rhe presence of central canals 
delinirely assigns rhem ro demospongid spicules. 

DEMO�l'ONCID TfTJlAn INLS 
Pl. 1, fig. 6

Description - Spicules with variable morphology 
and different ray angles. Tetracrine spicules display 
two couples of conical rays respectively ar angles of 
120 degrees, lying on two differenc planes, not at 
right angles ro one anorhcr. 

ln rhe most complete specimens this kind of 
megasclere measures 110 less than 500 µm across. 

Material examined - Three specimens from the 
Streprogmptus crispus Zone. CP 2769. 

Class Ht·XACTINEL.LIDA Schmidt, 1870 

This group is characterized by siliceous spicules, 
basically hexacrines, hexacrine-derived spicules, or 
c;rauractines, wirh rays at right angles. 

EXPLANATION 01 PLATE 2 

Figs. 1-3 · Class Hl:X:tctinellida; 1) M1b1111ie/'11? sp. C; 2) Nnb1111Jell,1? sp. A; 3) N,1b,w1ella? sp. B. CP 2769, !Jtrt'f'tograptw crispus Zone. 
Figs. 4-8 Cla� H.:xacrincllid.1, Thornrospo11gir1 irh111mielh1 n. ,p .• (ollipinuks. 7: Holot}'pc; 5: P.1r.1typc. CP 2769, S1rep1ogmptm cris·

pm Zone. 
Figs. 9-10 - lmlrtcrrni narc Hcxacrindlida. Hexacuncs. C.:P 2769, Srrep1ogrrrp11u tr,spw Zone. 
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Genus NABAYIELLA Mostler & Mosleh-Yazdi, 1976 

Type species - Nabaviella gracilis Mosder & 
Mosleh-Yazdi, 1976. 

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

Among recenc Hexactinellida sponges, the only 
known clavulate monacrines are generally located in 
the dermal or gascral layer. Similar elements, but with 
different function, are the anchoring spicules - pares of 
''root-tufts" - in recent hexactinellid sponges chat pro­
rrude ourwards in the basal pare, probably so che 
sponge can stabilize on a soft substrate. Many 
Sardinian Silurian elements resemble anchoring 
spicules in having straight rays rather than curved 
umbels, nevertheless we have renratively placed chem in 
the form-genus Nabaviella since similar specimens have 
been recovered from the Middle Cambrian Georgina 
Basin assemblages (NabavieL!a? sp. Mehl, 1998). 

Clavulate and anchorate "root tuft:" spicules are 
known from the Middle Cambrian of Australia 
(Mehl, 1998), from the middle Upper Cambrian of 
China (Dong & Knoll, 1996) and rhe Middle 
Ordovician of Newfoundland (Zhang & Pran, 2000). 

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

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

Material examined- Two specimens. CP 2769. 

Discussion - This spicule rype differs from Naba­
viell.a? sp. Mehl, 1998 as the umbel spines are nor 
recurved. 

NABAYlELLA? sp. B 
Pl. 2, fig. 3 

Description - Mono.txon clavulate spicules with 
four-rayed umbels. Diameter of the umbel no small-

er than 440 µm. Lateral rays ar mutual right angles 
and obliquely pointing backward at an angle of about 
60 degrees co 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 discal termination; 
distal end unknown. 

Material examined- Three specimens. CP 2769. 

Discussion - This clavulate spicule differs from 
Nabaviella? sp. A in having a less sturdy srructure and 
longer umbels with respect co central axis. 

NABAVTELLA? sp. C 
Pl. 2, fig. 1 

Description - This pentactine is an anchorate 
spicule displaying a four-rayed umbella with cylindri­
cal rays mucually at right angles, gencly backward 
curving. Terminations of lateral rays are rounded not 
pointed. The central axis is unusually chin for a 
spicule of this form-genus and proidmally displays a 
slighr constriction ("neck"). The most complete spec­
imens have an umbel diameter of 800 f-Jffi. 

Material examined- Eight specimens. CP 2769. 

Discussion - le is uncertain whether this kind of 
spicule belongs co Nabaviella because it has five rays 
of about equal size. Alrernarively it could be placed in 
che Class Demospongiae, or another group of the 
Hexacti nellida(?). 

Genus THORACOSPONGIA Mehl, 1996 

Type species - Thoracospongia follispiculata Mehl, 
1996. 

Discussion - The presence in sample n° 2769 of an 
assemblage of swollen penractines (Pl. 2, figs. 4-8) 
and swollen srauraccines (Pl. I, fig. 5) suggests the 
two spicules were pare of che same sponge skelecon; 
char is chey probably formed a part of an armoured 
dermal layer like char reconstructed by Mehl (1998) 
for rhe genus Thomcospongia. The rwo sponge spicule 
rypes are here combined in rhe description of this 
new form-species, Thoracospongia ichnussiella. 

Following Mehl (1998), two rypes of spicules are 
assumed co belong co rhe same hexactinell1d sponge: 
follipinules (modified pencactines) and inflated 
tetractines and pencactines (pulvinusacrines). ln her 

EXPLANATION OF PLATE 3 

Figs. 1-1 O - Indeterminate Hexacnnellida; 1-5. 7) Penracrincs. er 2769, Streptogrnpttts crispus Zone; 6. 8-10) Hexacrines; 6: er 2771. 
Streprogmptus crispus Zone; 8, l 0: CP 2ns. Spirogmprus 11mim/n111s Zone; 9: er 2769, Streprogmptus crispw Zone. 
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hypocherical reconstruction. Mehl ( 1996) included 
follipinules and pulvinusacrine,; as spicules of che der­
mal layer. Only one species, Thoracospongia follrspirn­
fata Mehl 1996, has previously been described, based 
on isolated follipinules and _pulvinusactines from the 
Middle Cambrian of the Georgina Basin, Australia 
(Mehl, 1996, 1998). 

THORACOSPON(,IA ICIINUSS![ll.A new species 
Pl. I. fig. 5; Pl. 2. figs. 4-8; Text-fig. 7 

Diag11osis - The species is characterized by an 
assemblage of cwo types of specialized spicule�. one 
consisting of robust penractines with a conical princi­
pal ray and four short swollen rays ac right angles, and 
the second comprising a srauracrine X-shaped spicule 
wirh inAaced rays. 

Description - The species consists of penraccine 
spicule types (Pl. 2, figs. 4-8) and four-rayed swollen 
scauractine types (Pl. I, fig. 5). The pencaccine srud­
shaped pinula, 250 - 450 µm in diameter and from 
600 µm up co 1 OOO pm in lengch, is basically a rriax­
on, with atrophied rays co form penractines. Four, lat­
eral shore swollen spines are at right angles, and have 
blunt rerminacions in one plane ac 90 aegrees to the 
central axis. Central axis is scout, truncated conical or 
likely conical in unbroken specimens (Pl. 2, fig. 4) 
and proximally constricted ("neck"), just below che 
four-spined, scud-shaped head. 

The scauractine spicules are X-shaped; they have 
inAated rar.s char lie 111 one plane; they never develop 
a pillow-like shape. Dimensions of the four-rayed 
stauractines are from 350 - 400 ).lffi· 

Etymology - From the ancient Punic name of 
Sardinia {lchnussa). 

Types - Holorype, CP 2769. (Pl. 2, fig. 7) and 
paratype. CP 2769, (Pl. 2, lag. 5) from rhe Strepto­
graptttS crispus Zone. 

Material exammed-10 specimens. CP 2769. 

7jpe horizon - Black silry shales, Srreptogmptus
crispus Zone; Lower Graprolitic Shalcs. 

7jpe locality- Riu Ollasru river-bed, at che conOu­
ence wich Riu Brabaisu. Sarrabus region, SE Sardinia. 

Disrnssion - In one hyrorhecical reconsrrucrion
(Text-fig. 7) following Meh ( 1996. 1998) we assume 
Lhe four-rayed heads of che pentactine spicules (Pl. 2, 
lags. 4-8) were buried in the mesenchyme up to the 
proximal constriction forming an armoured inner 
dermal layer while che outward protruding scoul cen­
tral rays formed a loose or more tighrly rused palisade. 
The inner armour very likely displayed a stellarc pat­
tern layer. The srauractines and other types of hexac­
tine spicules were probably buried in thc soft body co 
reinforce rhe skelecal structure. 

Texr-lig. 7 - Hypo1heucil reconstruction of Thoracospong111 ic/1-
nussulla n. sp .. For descripnon �ee the cexc.

Comparisons - Thomcospongia iclmussiefla n. sp. 
differs from T. Joffispiculma in having scauracrines, 
nor crue pillow-shaped pulvinusactines, and a differ­
ent penracrine central axis shape char is scout conical, 
not balloon shaped. Penractine stud-shaped pinulas, 
similar to chose described in rhe Sardinian Silurian, 
are prescnl in the Middle Cambrian sponge spicule 
associations of rhe Georgina Basin (D. Janussen, per­
sonal commun., 2002). 

INDETl RMINATf I IEXACTINFLLIDA 

A variety of stauractine, penraccine and hexaccine 
spicules have been found. They probably represent 
dermal, mesenchymal and gastral megascleres. Sample 
n° 2769 is rhe richest sample for these megasclcres. 

TRIAXON TRIACTINFS 
Pl. I, fig!>. 2, 3 

Description - They are GOO - I OOO µm long; on 
some specimens rhc side branch is almost of normal 
size (Pl. I, fig. 2), giving rhe spicule a more regular T­
shape (cauaccine). Bengtson (1986) suggested chat 
this rype of spicules, with their pointed ends and 
minor side branches, could be considered monoax­
ons. In the terminology of recenr Hexaccinellida they 
are called cauaccines, criaxon rriaccines. 

Material examined - I O specimens. CP 2769. 

Discmsion - The spicules bear a very close resem­
blance, if nor identical, to those illustrated by Dong 
& Knoll ( 1996) in fig. 7.18 and 7.20 from rhe Lace 
Cambrian of I lunan (China). Tauaccines are also 
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reporred from rhe Middle and Upper Cambrian of 
Auscralia (Bengtson, 1986; Mehl, 1998) but arc not 
common in the assemblages. ln reccnr poriferans T­
shaped spicules occur in lyssacine Hexacrinellida 
where chey are mesenchymal nor dermal. 

HEXACTINFLLID STAURACIINE� 
Pl. l, figs. 7-14 

Description - Scauracrines are only second ro hexa­
ccines in abundance. 

Thev are of several kinds. One srauraccine rype is 
rerraradially symmetrical (Pl. J, fios. 8, 12, 14) with 
rhe four rays muwally ar right angies and cylindrical, 
nearly in d,e same plane. 

A second rype is biradially symmetrical and dis­
plays conical rays at righr angles (Pl. l. Fig. 11), wirh 
forwardly diver&ing lateral rays. A chird L-ype o( stau­
racrine (Pl. l, hgs. 9, 13) is biradially symmecrical, 
and displays four slightly curved rays with rwo oppo­
sire rays shorrer rhan rhe orhcrs. The ray� are com­
pressed and che central canal is preserved. A fourth 
type (Pl. l, fig. I O) has obliquely diverging rays, 
which are different in shape and lengrh. A fifth rype 
(Pl. I, fig. 7) displa)'S a scour, wedge-shaped, cenrral 
ray and two forward-diverging, lateral rays. These are 
shorrer than the central rays, rectangular in shape and 
compressed. This massive spicule was probably 
derived from rhe dermal layer. The megascleres mea­
sure no less than 500 µm. 

Material examined - 40 specimens from rhe 
Streptograptus crispus Zone. CP 2769. 2771. 

Discussion - Similar spicules, in particular those of 
rhe first and second types, very likely belonged ro 
hexactinellid sponges, like chose reporre<l from rhe 
Middle and Upper Cambrian of Hunan, China 
(Dong & Knoll, 1996). 

HEXACTINl:LLILJ PENIAC1 INL:5 
Pl. 3, figs 1-5, 7 

Description - PentaCLines are common in one sam­
ple where they display a variecy of forms and rhe five 
rays are almost at righr angb (Pl. .3, figs. I, 2, 4). 
Some forms have slender cylindrical rays (Pl. .3. figs. 
5. 7). orhers display srout conical rays (Pl. 3. fig. 2).

Some penracrin� spicules are of acanrhose type
(Pl. 2, fig. 3) bearing a spiny cresc along one ray 
(rhabdome). 

Material examined - 25 specimens. CP 2769. 

J-1 F.X,\(TINEl UD I IF.Xt\CTINE.'>

Pl. 2, figs. 9. 1 O; Pl. 3, figs. 6, 8-10 

Description - Hexacrine spicules are common 111 

rhe sLUdied horizons and parricularly in sample n° 

2769. Unforrunately hexaCLine spicules were always 
broken therefore. only a general description is possi­
ble. They have slender cylindrical or conical rays (Pl. 
2, fig. 9 and Pl. .\ fig. 8), with blunr rerminarions. 
Some have atrophied rays and are generally smooch. 
Some bear small spines ac the base of the rays (Pl. 3, 
fig. 9) and a few a.qer-shaped, hexaradially symmetri­
cal rays have also been observed (Pl. 2, figs. 9, 1 O). An 
axial canal i� always presenr. 

Material examined - 40 i.pecimens from che three 
Zone�: Demirastrites co11volut11s, Spirograptus turricu­
lmus and Streprogmptus rrispus. CP 2769. 2771. 2778. 
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