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Abstract. Integrated analyses of Calcareous Nannofossils and Ra-
diolarians were carried out in the Monte Kumeta (Sicily) to better define
the age of the siliceous sediments (Membro Radiolaritico Intermedio =
MRI), which results to be early-middle Bathonian to early Kimmeridgian.
The base of this unit shows variable ages in the different sites along the
Kumeta palaeoescarpment. Particularly the ages of the distal sections
ranse from early-middle Bathonian to early Kimmeridgian, whereas the
proxirral sections show ages from late Oxfordian to early Kimmeridgian.
This fact suggests the presence of heteropy between the Membro Radio-
laritico Intermedio and the Rosso Ammonitico Inferiore. Moreover.
several gaps occur in the lvlRl and they are restricted to late Bathonian
- early Callovian and to late Oxfordian, testifying the times of major
tectonic activity along the palaeoescarpment.

Riassunto. Lo studio integrato a radiolari e nannofossili calca-

rei dei sedimenti calcareo-silicei (Membro Radiolaritico Intermedio =
MRI) del Monte Kumeta ha permesso di definirne l'esrensrone crono-
logìca compresa fra il Bathoniano inferiore (medio) e il Kimmeridgiano
inferiore. I.ampiezza dell'intervallo stratigrafico risulta tuttavia variabi-
le lungo la paleoscarpata del Monte Kumeta. In particolare nelle sezio-
ni distali I'inizio della sedimentazione silicea è riferibile al Barhoniano
inferiore-medio mentre in quelle prossimali all'Oxfordiano superiore
e Kimmeridsiano inferiore. Questi dati evidenziano una eteropia fra il
Membro Radiolaritico Intermedio e il Rosso Ammonitico Inferiore.
La presenza di lacune, riferibili al Bathoniano superiore-Calloviano in-
feriore e all'Oxfordiano superiore è indicativa di periodi di maggiore
attività tettonica lungo la paleoscarpata.

lntroduction

The purpose of this study is to report new bios-
tratigraphic data, obtained from radiolarians and calcar-
eous nannofossils, from the "Membro Radiolaritico In-
termedio" (MRI) in the Monte Kumeta (Trapanese Do-
main, western Sicily). The MRI represents an intermedi-
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ate unit between the Rosso Ammonitico Inferiore (MRI)
and the Rosso Ammonitico Superiore (RAS) (Di Stefano
& Midszenty 2000). These three units together consti-
tute a succession informally named "Rosso Ammonitico"
(Abate et al. 1990).

Several papers deal with the reconstruction of the
complex Jurassic stratigraphy of the Monte Kumeta suc-

cession (\Vendt 1963; 1969; Caflish 1966; Mascle 1979;
Di Stefano tr Mindszenty 2000; Di Stefano et al. 2002a;

2002b; Marino et al. 2002; Mariotti 2002). The studied
area represents an excellent example of the complex syn-
sedimentary dynamics in a stepped pelagic escarpment ad-
jacent to a Jurassic infrabasinal high, a product of Early

Jurassic extensional tectonics (Di Stefano et al. 2002a;
Marino et al. 2002).

Despite the low-moderate preservation of radiolari-
ans and calcareous nannofossils in all the examined sections,

this integrated biostratigraphic study allowed to determine
the age of the temporal extension of the siliceous sediments,

emphasizing a wider stratigraphical range compared to that
reported in the literature for \Western Sicily.

Geological setting

Monte Kumeta is the central part of an east-west
trending ridge,20 km in length, located in the southern
part of the Palermo Mountains near the Piana degli Al-
banesi village (lflestern Sicily, Fig. 1a).

This ridge belongs to a structural unit of the inter-
mediate zone of the Sicilian-Maghrebian chain. This unit
is derived from the Neogene deformation of a section of
the African passive margin known as the Trapanese Do-
main (Catalano Er D'Argenio 1982).



.rl. 2002, nrorli l-rctl ).

Monte Kunrcta rcprcscnts :r JLlr;ìssic subnrrrrir-re

topographic hish \r'hich originatcd in the dissection of
largcr cirrbol-rirte plirtfornr. It u'irs boundcd, t() thc south,
by ir birsin developed during thc lrrte Hettangirrn-Sincrlu-
riarr. Di Stefrrno et xl. (l00lr) rcport rn :ìccLrrarc rcc()n-
struction of the frrcics ilrchitcctllre in the Jurlssrc sLlccc.s-

sion of Monte Kunret:r coupled with ,r detailccl biostr;rtis-
r,rphr';rin.red to defining thc clvnrrnric and genetic f,rctors
controlling the conve rsion of ,r B,rh,rmi:'rn-tvpe citrbonrrte
platforrr to :r pelauic cscrrpnlcnt, connectirrg thc Montc
Kunretir high to the brrsin. Progressivc northn';rrd rcrre:ìt
of this sc,rrp resultcd irrto,r gr,rdr-rrrllv steepening slope,

irlons rvhich the distributiorr of sedinrents \\r;ìs controlled

nrrrinlr. bv tector.ric ar.rd gr,rvitv induced nrodifications of
thc snbstrrrte topogr,rphv.

Thc .|ur:rssic of Montc Kumeta shorvs vertical and
lrterrrl changes in thc geonletrv of the lithofacic's suggest-
ing a deposition,rl environment deeply influenced by re-
itctiviìtion of basinrvirrd dipping normal faults.

The existcnce of stepped surf,rces in which the sedi-
nlents rlccllrlri.rlated is er,idenced by the relationships of
thc plrrtforn.r strrt;r (Inici Fornration) and the overlyine
Pliensb:rchian encrinites. The encrinite bodies show pris-
Ir:rtic geomctrv beconrir.rg thicker toward the South and,
in some c:rses, represcnt the filline of the first senerat;on
of neotuniirn dvkc's.

I:ig. 2 - Sclrenr.rric reprcsent.rtion ol
the str.rtigr,iphic sctting of
thc Jur;rssic rlcpt,sits of Mon-
tc Ktrnrctr't, ls rcconstructcd
,rlong arr [:-W trrnscct l,itl.t
the stucliccl sections (rritcr
.Vl.ìl-ln{) ct.ll. jUU-, lìl()dl-
fiecl).
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The c.ncrinite bodies rìrc c:rpped bv rr thick fcrro-
nranganese crLlst generated, prob,rblv bY contplex ch,rnges
in water chcntistrr' ;rnd rclirtcd to the "E;rrlr.To;trci:ln An-
oxic Event" (Di Stefano et:rl. 2OO2a). The Fe-Ms crlrsr is

dissected by several far.rlrs, thlt creetcd iln rrricularc sllr-
frce rvith hollorvs/depressions in n hich thc pelaeic scdi-
nrents werc dcposited fronr tl.rc Bajociirn to the Oxfordiln.
The pelaeic scdinrents (Rosso Anrnronitico) shou' cleirr
onlappinu relationships u,itl.r tl.re Crinoiclal Iir.nestoncs ancl

the Inici Fornration carbonrrc platfornr beds (Fig. I b, Fig.
2). The Lattinrr.rsa rnd thc H.r,blir forrrltions (uppcrnrost

Jurirssic - Lou,cr Crctaceous), u,hich consists of calcilutite
irnd nrarls, follor.v upwelrds (Fiu. lb).

Lithostratigraphy of the Rosso Ammonitico

The Jurassic Monte Kur.neta succcssion shows cvi-
dent later;rl ch,rnses in the gcon.retrv of its lithof:rcies. For
this rcason it h:rs bcen ne cessrrrv to studv several sections
irr the intern.redi:rre unit of the Rosso Anrnronitico.

The succcssion, infornrerlly nanred lìosso Anrnro-
nitico (Bucchcri Fornration cquivrlcnt), has bcen sr.rb-

clived fronr bottonr ro rop, into rhrec units (Di Stcf,rno
c\ Mindszentr' 2000):

Rosso Ammonitico Inferiore (RAI). Abor.rt lO
rr of reddish condensed linrestones of Toirrci,rn-nriddlc
Oxfordian age (Di Stefrno ct al. 2OO2b). The RAI rv:rs

subdivided into four subr.rnits: l) RAIa - red linrcstones
n,ith abundant irnrnronires, frargr.nents of IJositra, radiolarr-
irrns, mollusc frasments and benthic foranrinifera (Toirr-
cian-Bajocian); 2) R,A.fb - pink linrestones consrirurcd of
:rlternating larr.rin:re of coarscr:rnd finer bioclastic srrrirr-
pack-wackcstone rvith Bositra, foranrinifers, ostriÌcods,
:tnr nronites, uastropods,rnd cchinodernr fr,rgrlen ts (upper
Birthonian); 3) I{AIc - red nrrrlr. linrestoncs s'ith r:rdiol;rr-
i;rns, benthic forarriniferir, nrollusc arnd cchinodcrnr fr,rg-
nrents (C:rllovian);4) RAId - red, grel', light brou,n nrirrls,
ch:rracteriz-ed by :rbundanr be lenrnites, rrptvchi, corlls, cri-
noids, rhvncholites rnd cchinodernr fr,lsnre nrs. Bascd on
belenrnites thc irge of this llst subunit is l;rte Cirllovi:rrr
- middle Oxfordiarn (Mrriotti 2A04.

The IIAIb shou's a lcnriculirr seorìlerrv irnd the con-
tirct u,ith the o','erlving subunit is discorclirnt ,rnd locirllv
nrirrkcd by ,r hirrdground. Thc conracr of RAIc rvith the
overlyinu rcd-nodul:rr nrrrls (RAId) is sh.irp, nrarkcd by
l thin discontinuous Mn-oxide crust of middle Callovi,rrr
irqe with clear evidcnce of nricrobi,rl irctivitr' (Di Stcf;rno
ct aI.2002b).

Membro Radiolaritico Intermedio (MRI). It con-
sists of cherts irnd chertv linrestones, grcenish-grev r.rr

thc blse and rcddish ar rhe rop, lnd subordinirtcd nrrrls.
This unit is clcarll' u,edge-sh,rped, re,lching its rl,rxirnLrn.r
thickness (lrbout lO nr) in the southerrr sector of Mor.rrc

Kunrct;'r; the urrit pinchcs our rlorthe:Ìstrvirrcls, rrr.rd dislp-
perrrs 200 nr fronr the top of the nrount:rin. Pebbll' nruc{-
stonc intcrcrrl;rtiorrs in this unit are s,cll visible ncxr rhc
top oi Monte Kurrrcrrr.

Rosso Ammonitico Superiore (RAS). It is nrirdc
of t 0- t5 nr thick, rcddish to pink, nodular linre stoncs and
Sctccocotlt cr-lnllcsrones, rvith ntegabreccia :rnd pebbly nrud-
stonc irrtercllations, of Kinrnreridsian - ci.rrlrr Tithonian
:rsc. TI.ìis r.rnit cxhibits rhe grcarest lithof:rcies virrirbilitr,.
It consists oi :ìn rìpparentlv hctero.cneous contplcx of
brcccirrs, r'erv firrc to cotrse calc,trenites, nodulirr lintc-
stoncs, arnd snnd-size echinoicl skeletirl dcbris. Alorrs tl.ìc
p,rlacocscirrpnlcnt rhese rock tvpcs :rre org:rnised into dif-
fcre rrt scdinrcnt:rrv bodie's. Resedirlenred dcposits (rr:rinlv
nrcg:rbrecci,rs) prcclonrinate in thc proxinrirl sectoq rvhe rc
tìrcv r.rncor.rforrnabll, ovcrlic thc IìAI scdinrcnts, thesc l:rt-
tcr lving in rurn unconfornrirbly on the Inici Fm. (Fir:. 2).

Anrnronites provide biochronologicirl constrrints
for the b,rse of thc RAS. Thc b,rs,rl brecci,r vielded P.scrr-

dou:,t,tgenia .lc'dntbomphaia Hcrbich of the lr.rte Kinr-
nrericlsian (M:rrino ct al.2OO2). It is rvorth ro norc rhrr
tlris :rnrnronitc r1lrl\, easilv bc rervorkcd and tl.rus thc irge
oi thc brecci,r could be sontcrvhirr voungcr.

Studied sections

In this study six secrions, locatcd in;r snrirll area of
.rbout 700x300 rn hrrve been cxanrined (Fig. 1a).

KU I Section: the section is locrrted alons the roird
running dou,n ro rhe "C:rvir Ccrnielir" (Figs. la, 2 and
3.r). He re is exposcd the upper boundirrv of the MRI. Thc
tl.rickness of tl.rc section is about 3 nr. Fronr bottorr tcr
top it consists of (Fig. 4): l) about 5 cnr of lisht brorvn
nr;rrls; 2) 2 nr of sreen, grc\'-grecn, light brou,n chcrts
(l,rvcrs fronr fcn, nìnl ro l2-l5 cnr) lnd u'hitish rnarlv
linrestones (l,rvers of about I cnr); 3) 8O cnr of red cherts
(prs'rrlent) and gro,-srcen, lisht bros,n cl.rcrts (l,rvcrs of
5-lO crr). Upu,lrds the Rosso Arlmonitico Sr.rpcriorc fol-
lou,s, through irn irregulrrr surf:rcc.

KU II Section: tl.ris scctior.r is locrrted ;rlong tl.rc
rortcì to "C;rvir Cernigli.r" (Figs. lit,7 .,,.r.1 -1b) abor-rt onc
hunclred nlerrcs ftrr fronr sccrion KU L Thc thickncss of
KU II is,rbout three nrerrcs ancl it consists (Fig. 1), in
thc lorver part, of black and srcv cherrs (l,rvcrs irorrr 5 to
20 cnr) ,rnd, ir.r thc uppcr p,rrr, of srcr,-r'e llorvish cherts
(lrrvcrs fronr 5 to tO cnr).

PL Section: this section is loc:rtccl in thc northern
sidc of Monte Kulne r:r ,rlons the parh\\':r\, (Figs. I a, 2 .rncl

3c). Thc secriolr includcs fronr the Lrorrorrr to top (l-ig.
.t): l) l6 crr.r of red chcrts rrncl 2 cm of c{irrk recl cl;rys; 2)
;rbor.rt 2O cnr of s,hitislr nrirrh. linrestones, chertv Iinrc-
stoncs (u'ith red chcrts) ancl light Lrrou'rr nrirrls; 3) 2Z
cnr of chcrtl' linre stones (rvith rccl chcrts rrr the bottorn)l
1) l-10 cnr of pcbblv nrudsror.rc; 5) 20 crr of lisht brou,rr
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lrjq. -l Prrtrorrrrric r ie's ol thc sturlictl
nrrnitico Superiore (lì.AS); (b)

secti()n: e) l)l scction. cont.ter

olltcr()ps: r) KU I scction. contlct
KL ìl reLti,'r: , r KU IIII, .Lrti{,rì.
bctl e crr rhe IIIìl rnd pb 1r pcl.l-ìr'

betsccn MerrLrro Iìrdiolrritrco Inte rnreclio (MRI) rncl Rosso Am-
IìAId (bclcnrnit.- Ievel oi Rosso Anrr.nonitico lnferiore); d) KU III
nrLtrlstonc lrthoîrcies in the Mcnrbro Reclioleritìco Intcrnredìo).

nrarls, pink chertv linrestonc's (n,ith recl chcrt; .rnd lctl
chcrts; (r) 2l cnr of linrestonc's: 7) rinothcr lcrcl (30 cnr)
of pebblv nrLrclstonc.

KU III Section: this scction is locrrtcd ir.r tl.re "Crrr',r

Ccrnigliir" (Fiss. la,2.ind 3c1), nerr rhc KU IIIL) scction.
Here the lon'cr bounclilrv of thc MRI on thc IìAI is cx-
posed. The thickness ()i the scction is rrLrout 1.90 tr.rnd
it cor.rsists ironr bottorn ro rop of (Fig. -{): l) h,rrduround
of nridclle' C,rlloli:rn .ìqe (Di Stcirno cr el. 2002b); 2) rr ie u,

centinretres of belenrrritc-bcarinq nrerls (belonging to thc
RAI);3) 33 crn of prink nr.rrlv linrcstoncs (l;rrcrs ut 3-5

cnl); -+) 90 cnr oi pink che rtv lirrcstorrcs (u'itìr lcd chcrt\)
lnd pinli.,'Lncl grev nlirls, thc l,rr.crs of chertr'linrcstones
hrrrrirrg :r vrrri:ìblc tl'ricline ss r,i +- lO cnl :ìnd tl'rc cl.rcrts

h.rvc.r thicli.rìc\\ Ir'(,rll .ì t,r 7 crtx i).t1.,'tt1 lO r'rìì r'l [ti'r]i
silicified linrestor.rcs (l.rvers of 2-5 cnr) :rlte rrrrtirr,; l ìth
grecnish cl.rvs; 6) the top of thc scction conlprises ;lboLrt

50 crr of rccl bedclcd cherts (l:rvc'r's of l- l2 cnr ).

KU IIIb Section: irlso this scction is located in the
"C:rr';r Cernigli:r" (Figs. 1e, 2 rrnd 3c). Here the lower
bour.rd,.Lrv of the MlìI on the RAI is exposed. The section
is 2.90 nr thick,rnd consists of (Fiiì. 4): 1) hardground of
er.Lrlv To;rrcian rìge (Di Stefrno et al. 2OO2a; 2002b); 2)

;rbout 8 crr oi pinkish nrarls (bc'longing to the RAI); 2)
h,rrdsround of nridclle C;rllovian ege (Di Stef:rno et al.

2002b); -1) rrbout 8O cnr of be ler.nnite bearinq reddish-light
bron'n nr:irls (belonging to the RAI); 4) 1.05 m whitish-
pink cl.re rtr.' linrestones (l,rvers from ? to 15 cnl, with whit-
isìr ,rnd rcd cherts) ,1661 1'slle11'ish, green marls (layers of
l-5 cnr); 5) 13 cm oi rvhitish cl.rern' limestones (l:ryers

fronr I to 5 cnr u,ith u'hitish and red chert) ; 6) :rbout 51

cn'r oi rccl-r-cllou'ish chcrts (lavcrs of 2-7 cm).
NV 2 Section: this scction (Figs. 1a, 2) is located

in tl'rc northcrn sidc of lVlorrtc Kunrcta along the pathwily
nc;ìr scction Pl.. Herc thc r-rpper boundrrry of the MRI
is exposecl. TI.rc sectiorr consists (Fig. +) of about 80 cm
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I-itho|ogicalìogsoftheMtlnteKutrlet;rsectitlltsrr'iththe
Rac]iolariticoIntcrnlcclio;lìAS=llossoAtllllltlnitictlSupcri.lrc.Ut\Z.=Unitrrr'Asstlcilltirln
nofossil ;lssenrbl;lges. ltor loc;rtiorr of sectiorrs scc îig. l.

F'io .l

of red cherty limestones (lavers fronr 2 to .+ cnl, n'ith rcd
chert), capped by the RAS beds.

Biostratigraphy

Radiolarians
Analyses of rirdiolarilns hrrl,e been perfornled orl

sixty-five samples. The rardiolirrians h,rvc been extr,rcted
from the siliceous sanrples rvith hvdroflr.roric :rcicl at clif-
ferent concentrations (,rbout 300 residues h,'rve been cx-
amined at the stereolnicroscopc) n,ith thc nlethocl pro-
posed by Dun.ritric:r (1970), Pessrgno c\ Neu'port (1972),
Baumsarrner er al. (198 l), De Wcve r ( 1982). Thc r,rcliol,rr-

ian bearinc samples were collected in scve r:rl se ctions ol
Monte Kumeta, but only rr ferv of tlrcn.r cont:rin r:rcliolrrr-

ians well preserved enoLlgh to obt:1in preci-se ,rge de tcrnri-
nations (Pl. I ). The radiollrian z-on:rtion Lr,rscd c',r.r Unit,rrv
Association Zones (lJA7,.) proposccl bv B,runrgrrrtncr et

rl. ltlls; is rdopted lrcre in.

A list of the nrost inrportirnt tlxrr for tl.rc lgc dctcr-
mination is given in the follon,ir.rs plr,rgr'rp'ths.

In Tab. I the cor.nple te faunrrl iìsscnrbliìgcs frc>nr tlrc'

cxlmincd s:rlrples rrre shown and in Tab. 2 we report the
rÌgc ritngc of the rlost ir-nportant radiolarian taxa.

KU I Section
S.rnrpìc KU I l.O: rridtlle -latc Oxforcli;rrr to lrte Oxforcli;rrr-e,rrlv

Kinrrcrirlqi.rrr (UAZ.9-10) b.rserl on rhc occurrence ol Erniluria pen-

tnf orJf n Stcìqe'r N Stcig.-r ,rn.l Ti'itrahs caynaliaorsi.r (Pessrtgno).

S.rnrplc KU I l.Sl: l.rtc Orlorrli.rn-elrlv Kìnrnrcridgi;rn to llte
Kinrnrcrìdgirn-crrlv Titìroni,rrr (UAZ. l0- I l) b.rsed on the occurrence
oi EtnilttL'ia rnca ttltintt lJ;tunlgiìrtncr & l)untirricr, Enilu'-ia pentdPo-

r:r1.r Stciger N Stcigcr tttl Ti'i,tttonta óLlkcr (l)t'ssrrrno).

Srnrplc KU I 1.90: Irtc' L)xforclirn-erriv Kinrntcricigi;rn to lrtc'
Kìnrnrcrirlgirrn-e.rrlv Titìrorrirrn (UAZ. I0-l l) b.rsed on the occurrence
oi Entiltrtia rtrt't trltintt IJ.runrgrrrtner & L)untitric,r ,tntl Titratrabs bul-
1:o-..r Brurl g.rrtrrr:r.

S.mplc KU I 2.10: letc Oxtortli.rn-c;rrlv Kinrnreridgi,rn to late

Kirttrrcriclgi.rn-crrlv Titìronirrn (UAZ. j0-ll) based on tirc occurrcnce
L>i f:ltìltttia ortt ttltitttt ll;ru:lgrrrtner 3t I)untitricr tnd T)'iactont't Jòre-
lr,lrr,rt i\'l u zrvor.

Srnrplc KU I 2.-10: l.rtc L)xlìrrcli.rn-c:rrlv Kinrrreridgi;rn to l;rte
Kinrnrcritlgirn-crrlv Tithonirn (U.\2. l0-ll) b;rscd on the occurrencc
ol l:ntiltt;'ia ,nat ultitttt lJiÌunlgirrtner N l)r.rnritricr.

Srnrplc KU I l.-15: nricldlc C.ìll{)\';irr-c'.ìrlv Orfordien to lrtcst
Tithrrni.rn (LJ,\2. S- l-ì) b.rscd on thc occLrrrertce ol Podoburst spìnostt

(()zroltlor.r).
S.rrrrplc KU [ ].S5: l.rtc ()xf,rrtli.rn-e,rrlv Kinneritlgi;.tn to l;rte

Kinrrrclirlgirn-c.rrìr 'fithonirn (UAZ. l0-ll) brsctl on tìrc occurrc.nce
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Sections KUI l
Y

PL KU III KU iltb NV2

Samples
Taxa

N o ocl
N N N N

@
o N oc! o oc]

^
N @

qrchaeodictyomitra sp. cf.,4. mnoensls (Nilizutani)

qrchaeodictvomitra sp

Crucella sp.

) ice ro satu rnal i s trizonal i s a ngu stus (Baumgartner)

Dicerosaturnalis sp.

Emiluvia orea orea Baumoartner

Emiluvia orea u/llma Baumgarlner & Dumitrica

Emíluvia orea s.l. Baumgartner I
Emiluvia pentaporala Steiger & Steiger

Emiluvia sp. cf . E. ordinaria Ozvoldova

Emiluvia sp. cf . E. orea u/tlma Baumgartner & Dumitrica

=miluvia 
sp. c'f . E. orea s.l. Baumgartner

=miluvia 
sp. cf. E. pentaporata Steiger & Steiger

=miluvia 
sp. cl. E. pessagnoi s.l. Foreman

=miluvia sp. cf. E. sa/ensis Pessagno

=miluvia sp

lexasaturnalis suboblongus suboblongus (Yao)

1e xa satu rn al is su boblo ngus mi nor (Baumgartner)

'lexasaturnalis sp. cf. H. subob/ongus subobiongus (Yao)

vl i rifu su s dian ae mlnor Baumoartner

vlirifusus dianae s.l. (Karrer)

vl i rifu su s g uad al upensls Pessagno

t4i,fusus sp

Vapora sp. cf. N. iospensls Pessagno
)alinand romed a pod b iele n si s (Ozvoldova)

)aronaella sp
)odobursa spinosa (Ozvoldova)

)odobursa triacantha s.l. (Fischli)

)odobursa sp.cf. P. polyacantha (Fischli)

)odobursa sp. cf. P. spnosa (Ozvoldova)

)odobursa sp cf. P. IriacanÍha s.l. (Fischli) I
)odobursa sp.
) raecono s ph ae ra sphaeroconus ( Rùst)
)raeconosphaera sp. cf. P. sphaeroconus (Rùst)

)raeconosphaera sp.
) rotu n u m a costatus (Heitze0
)rotunuma sp. cf. P. coslafus (Heitzer)

)rotunuma so.

7i stol a alti ssi m a altlsslma lRùst)

?lsto/a sp. cf. R. a/flsslma aitlssma (Rúst)

iefhocapsa dorysphaeroídes Neviani sensu Schaff

Sethocapsa sp.

;una echioides (Foreman)

)yringocapsa sp

Tetratra b s bulbosa Baumoartner I
Tetratrabs sp. cf. I buibosa Baumgartner

Tetratrabs sp. cf. I zealls (Ozvoldova)

Iefraúrabs sp.

Transhuum maxwel/l gr. (Pessagno)

Tri actom a b/akel (Pessagno)

Tri actom a fore m a nae Muzavol

Triactoma sp. cf. T. blakei (Pessagno)

Triactoma so. cî. T. foremanae lvluzavor I
Triactoma so.

Tritrab s casmal ì aensis (Pessagno)

Tritrabs e xotica (Pessagno)

Irltrabs sp. cî. T. ewingi s.l. (Pessagno)

Irltrabs sp. cf. T. exotica (Pessagno)

Irltrabs sp

Wrangellium sp. cf. l/1l brevicostatum gr. (Ozvoldova)

Wrangellium sp

Tirb. I - Occun'cncc ch,rrt of thc ncliolrrrirrn trì\ir in the srurlicd scctions
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Tab. 2

of Emilu.tia orea ultima Brrur.r.rsrrrlner Ei Dunritricr.r lrrttl Tctratralr btrl-
úos,r Baumgartner,

Ve obsen'ecl in the slnrple KU I 1.0, the coexisrencc,rf iorrrs
th;rt should not be rssociated,.rfter the biozonrrtion proposccl b1 lìlurl-
gilrtner et al. (1995), súch as Entilut,ilt pentdPorntd Steiscr N Srci,.lcr

(Entilrcia biselle"t Dmeli;ur in Brunrgartncr et ll. 1995 - UAZ. I | - I I )

md Tt'itrabs cttsrndlideilsis (Pessarno) (UAZ. 6- 1 0). It is l onh of nore

thlr Emilu"-ia petú.tpo1'.tt.t Steiger Ei Steiger s rrs ;rlso founcl in l slnrplc
of Oxfordian ar:e collccted in the C;rrpathi.rns (Dunritric,r pers. corrrl.).
rWe propose to indicate [<tr Enilut,ia Pe,ttLrPorLtt.t Steiger Ei Steigcr I
lonser r;rnge (U AZ. 9-l l).

KU II section
Sample' KU II Ll5: earll-nriddlc lìajocian to late Oxforclirn-

.rl. (1995). R:rnge of Hexts,ttut'n,tlis suboblungus tttinor
et al. (2000).

c;rrli' Kintnrcricluian (UAZ. -1-10) brscil on rhe occurrcntce of Tiztnslt-

sutnt nuxi:'ell i gr. (Pessrrgno).

KU IIIb Section
Srrnrplc KU IIIb 0.20: nricldlc Crllovien-earlv Oxfordiln to l;lte

Kinrnre ritlgiln-earll Tithoniln (UAZ. 8- I l) bascd on the occurrence of
Enilut,ia ot'c.t ot'ed Blunrglrrne r and Potloburs"r spllosa (Ozvoldora).

S.rnrple KU IIIb 0.59: l.rtc Oxiortli;rn-e:rrh,Kinrnreridgian to late

Kirrrnreritlsirìn-e;trlv Tithonian (UAZ. l0-II) basecl on thc occurrence
oi Enilutia orerl s.l. Biìunlq.rlncr, EniluT,id orea ultina Baunrgartner

òi Drrnritricrr tnd Tetritrúbt Dl/Do-ia lJaumgartner.

Srrnrplc KU IIIb l.l0: lrrtc Oxfordirrn-c;rlli Kinrrreridgirn to late

Kinrnrcriclgirrn-c;rrlv Tithoni.rr.r (UAZ. l0-l l) b;rscd orr the occurrence
o[ Entilutid o)?,r ultin]f, Brìurìrgiìrtner Ei Dunritric,r, Entilut,ia PentaPo-
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rata Sreiger tr Steiger, Tetratrabs

foremanae Muzavor.
bulbosa Baumgartner and Triactoma

Sample KU IIIb 1.45: late Oxfordian-early Kimmeridgian to
late Kimmeridgian-early Tithonian (UAZ. 10-11) based on the occur-
rence of Emilwia orea ubima Baumgartner & Dumitrica and Triactoma

foremanae Muzavor.

KU III Section

Sample KU III 0.35: late Oxfordian-early Kimmeridgian to late

Kimmeridgian-early Tithonian (UAZ. 10-11) based on the occurrence

of Emilupia orea s.l. Baumgartner, Emilw.sia orea uhima Baumgartner
Er Dumitrica and Triactoma foremanae Muzavor.

Sample KU III 0.60: late Oxfordian-early Kimmeridgian to late

Kimmeridgian-early Tithonian (UAZ. 10-11) based on the occurrence

of Emiluaia orea ubima Baumgartner Er Dumitrica and Emiluvia orea

s.l. Baumgartner.

Sample KU III 1.13: middle-late Oxfordian to late Kim-
nreridgian-early Tithonian (UAZ. 9-11) based on the occurrence of
Mirifusus dianae minor Baumgarrner, Mirifusus guadalupensis Pessagno

and Triactoma foremana.e Muzavor.
Sample KU III 1.42: late Bathonian-early Callovian to late Ox-

fordian-early Kimmeridgian (UAZ.7-10) based on the occurrence of
Dicerosaturnalis trizonalis angustus (Baumgartner) and Tetratrabs bul-
bosa Baumgartner.

PL Section

Sample PL 0.05: middle-late Oxfordian (UAZ.9) based on the

occurrence of Palinandromeda podbielensis (Ozvoldova) and Suna echi-

o/es (Foreman),

NV 2 Section

Sample NV 2 0.10: late Bathonian-early Callovian to late Kim-
meridgian-early Tithonian (U AZ. 7 -1 1) based on the occurrence of .Flex-

asaturnalis suboblongus minor (Baumgartner), Sethocapsa dot?sphaeroides

Neviani sensu Schaff and Tritrabs exotica (Pessagno).

Calcareous nannofossils
A total of 80 samples were examined for calcare-

ous nannofossil analysis using the standard techniques
for smear slides preparation. The smear slides were ob-
served under a light polarizing microscope, at 1000x mag-
nification.

The analized lithologies are very variable, from
calcareous to silty-calcareous with siliceous sediments.
A mixture of calcareous and siliceous sediments is very
common overall in the Monte Kumeta outcrops. Marly
to calcareous-marly sediments are present in the Monte
Kumeta, but generally a big amount of siliceous com-
pounds are dispersed into the calcareous and marly sedi-
ments. Marls are the more favorable lithologies for calcar-

eous nannofossil preservation because their shaly fraction
develops thin films on the calcareous bodies that protect
them from the aggressive diagenetic waters.

The marker events for the Middle - Late Jurassic,
based on the FO (First Occurrence) and LO (Last Oc-
currence) of the members of the family Stephanolithace-
ae, are totally lacking. However, others accessory events

can be usefully utilized.
The nannofossil zonation schemes utilized in this

work are those of Mattioli tr Erba (1999) for the Aale-
nian - Bathonian interval, and Bralower er al. (1989) for
the Oxfordian - Tithonian interval.

M. Chiari, A. Baldanza & G. Parisi

Calcareous nannofossil assemblages

Three representative assemblages (Al, A2 and A3) were identi-
fied and utilized for the age determinations; for each section the assem-

blages are reported in the schematic columnar log (Fig. a).

Assemblage 1 - is characterized by common Watznaueria bar-
nesae (Blackin Black Er Barnes 1959) Perch-Nielsen, 1968,Watznaueria

contrdctd (Bown tr Cooper, 1989), Cobianchi, Erba tr Pirini Raddriz-
zani, 1992, Watznaueria manioitae Bukry, 1923d, Watznaueria britan-
nica (Stradner, 1 963) Reinhard t 19 64, tVatznaueria fossacinta (Black,
1971) Bown in Bown & Cooper 1989, Cyclagelospbaera margereliiNóel,
1965, Triscutum spp., Lotharingius haffii Grùn Er Zwetli in Grùn et

al. 1974, Lotharingius crucicentralis (Medd, 1971) Grún Ec Zwetli'1980
and Schizosphaerella spp. This assemblage is referable to lower-middle
Bathonian based on the presence of'W barnesae and the absence of
Cyclagelospbaera u:iedmannii Reale tr Monechi 1994; Mattioli Er Erba

(1999) reported the FO of C. u:iedmannii as upper Bathonian. This
assemblage is present at the base of the KU I, characterizes all the KU
II section and the base of the KU III b section.

Assemblage 2 - is characterized by the presence of C. wiedman-
zli and the absence of Schizosphaerella spp. in assemblage, Moreover the

presence of L. crucicentralis and L. haffii, old suruivor taxa from the

Pliensbachian assemblages, allows to infer the assemblage age. Bown
(1998) reported the LOs of L. crucicentralis and L. baffii duringrhe
Oxfordian, while Bartolini et al. ( I 995) reporred this event during lower
Kimmeridgian. Consequently, this assemblage could be referred to the

upper Bathonian - lower Kimmeridgian interval. Assemblage 2 is present

in the middle portions of the KU I and KU IIIb sections.

Assemblage 3 - is characterized by C. 'ruiedmannii,lY. barnesae,
'W. britannica, W. manioitae,W contracta, C. margerelii, W biporta and

the absence of species of the genus Lotharingius. Assemblage 3 is found
at the top of KU I section, in all the KU III section and in the upper
portion of KU IIIb section. This assemblage indicates an age not older
than lower Kimmeridgian.

PLATE 1

Scanning electron microphotographs of radiolarians from the Membro
Radiolaritico Intermedio in the Monte Kumeta sections. For each figure
the sample numbers and the magnification are indicated.

Fig. 1- Arcbaeodic4,omita sp. cf. ,4. minoensis (Mizutani), KU I 2.70

(x150). Fig. 2 - Dicerosaturnalis tizonalis angustus (Baumgartner), KU
III 1.a2 (xl30). Fig.3 - Emìluoia orea ored Baumeartner, KU IIIb 0.20

(x100). Fig. 4 - Emilur:ia orea ultima Baumgartner tr Dumitrica, KU I
2.a0 (x100). Fig. 5 - Emiluaia pentaporata Steiger Er Steiger, KU I l.O

(x100). Fig. 6 - Emiluvia pentaporatd Steiger & Steiger, KU IIIb 1.20

(x100). Fig. 7 - Hexasaturnalis suboblongus minor (Bauntuartner), KU
IIIb L45 (x130). Fig. 8 - Hexasaturnalis suboblongus suboblongus (Yao),

KU I 1 .90 (x 1 30). Fig. 9 - M irfusus dianae minor Baumgartner, KU II-
Ib 1.45 (x100) Fig. 10 - Mirifusus guadalupensis Pessagno, KU III l.l3
(x100). Fig. 11 - Palinandromeda podbielensls (Ozvoldova), PL 0.05

(xl00). Fig. 12 - Podobursa spinosa (Ozvoldova), KU IIIb 1.45 (x130).

Fig. 13 - Podobursa triacantha s.l. (Fischli), KU IIIb 0.59 (x100). Fig.

l4 - Praeconosphaera sphaeroconzs (Rùst), KU IIIb 1.45 (xl0O). Fig. l5
- Protunuma costatus (Heitzer), KU IiIb 1.45 (x200). Fig. l6 - Rrsto-

la altissima altissima (Rùst), KU IIIb 1.45 (x100). Fig. 17 - Setbocapsa

dorysphaeroides Neviani sensu Schaff, NV 2 0.10 (x100). Fig. 18 - Suna

echioides (Foreman), PL 0.05 (x100). Fig. l9 - Tbtatrabs bulbosa Baum-

gartner, KU I 2.85 (x50). Fig.20 - Tianshsuum maxuelli gr. (Pessagno),

KU II 1.15 (x130). Fig. 27 - Triactoma blakei (Pessaxno), KU I 1.82

(xI00). Fig. 22 - Triactoma foremanae Muzavor, KU III 1.13 (x100).

Fig.23 - Tritrabs casmaliaensis (Pessagno), KU I 1.0 (x100). Fig. 2a -

Tritrabs exotica (Pessagno), NV 2 0.10 (x100).



I .17

'.la



oN* KU I KU II PL KU III KU IIIB NV 2

ai^^ ^-i.r ^i

L RAS RA5

wv

E

Oxfordian

L
o-

\5

v
E

RAI

Callovian

L

M

E

\9

Bathonian

L

M

E
RAI

?

138 M. Cbiari, A. Baldanza 8< G. Parisi

Fig. 5 - Chrono-correlation between the lithostratigraphìc units in the examined sections.

Discussion and conclusions

The Monte Kumeta area represents an example of
a stepped pelagic escarpment adjacent to a Jurassic in-
frabasinal high, which formed in Early Jurassic times by
extensional tectonics (Mariotti et al. 2001; Di Stefano
et al. 2002a). The dip of the paleoescarpmenr was to the
NE-S\7 and it is shown now by the NE-SV thickening
of the successions. Near the top of the Monte Kumeta
the carbonate and siliceous deposits pinch out and only
the Inici Fm. crops out. The iack of a condensed pelagic
succession conformably lying on the Inici Fm. and vol-
umes of resedimented material imply that much of the
original depositional system is not preserved (Marino et

aL 2002).

The thickness of the Membro Radiolaritico Inter-
medio is variable as well as its lithology, state of preserva-

tion and frequency of radiolarians and calcareous nanno-
fossils. Several samples were collected in the sections of
Monte Kumeta but only a few of them were rich enough
in radiolarians and calcareous nannofossils to be useful.

The most important results of this integrated study
are as follows (Fig. 5):

Section KUI, the base is referable to lower-mid-
dle Bathonian using the calcareous nannofossil data (As-
semblage 1). The co-occurrence of the calcareous nan-
nofossil Assemblage 2 and of the radiolarian assemblage

referable to the UAZ. 9-10 could be indicative of middle
Oxfordian - lower Kimmeridgian. At the top of the sec-

tion the presence of the calcareous nannofossil Assem-
blage 3 and radiolarian assemblage referable to the UAZ.
10-11 allows the identification of an age not older than
early Kimmeridgian. We obser-ved, in the sample KU I 1.0,

the coexisten ce of Emiluoia pentaporata Steiger & Steiger
(Emiluvia bisellea Danelian in Baumsartner et al., 1995 -

UAZ.11-11) and Tritrabs casmaliaensis (Pessagno) (UAZ.
6-10). Ve propose, in according to these data and the
radiolarian data from a section in the Carpathians (Du-
mitrica pers. com.), to indicate for Emilupia pentaporata
Steiger tr Steiger a longer range (UAZ.9-11).

The KU II section is all referable to lower-middle
Bathonian based on the presence of the calcareous nan-
nofossil Assemblage 1 in agreement with data from the
radiolarian assemblage (UAZ. 3-10).

In section PL it has been possible to sive, with the
radiolarian biostratigraphy, an age limit to the emplace-
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ment of a pebbly mudstone in the Membro Radiolaritico
Intermedio. In fact the radiolarian assemblage of sample

PL 0.05, collected at the base of the section, indicates a

middle-late Oxfordian age (UAZ. 9). Hence the emplace-

ment of the pebbly mudstone could be referable to the
late Oxfordian or younser.

In section KU III the calcareous nannofossil assem-

blaee (Assemblage 3) indicates an age not older than early
Kimmeridgian according to the radiolarian data (UAZ.
1O). The presence at the base of the section of a Belemnite
level IRAId) referable to late Callovian - middle Oxford-
ian (Mariotti 2002) could indicate a stratigraphic discon-
tinuity probably referable to a sedimentary hiatus.

The base of the KU IIIb section is referable to the
lower-middle Bathonian based on the presence of the cal-

careous nannofossil Assemblage 1. The occurence of the
calcareous nannofossil Assemblage 2 within the Belem-
nite ievel indicates a late Bathonian - early Kimmeridsian
age. In the upper part of the section the finding of the
calcareous nannofossil Assemblage 3 and of the radiolar-
ian assemblage referable r.o U AZ. 1 0- 1 I allows to identify
an age not older than early Kimmeridgian. At the base

of the section the presence of the calcareuos nannofos-
sil Assemblage 1 proves the occurrence of a sedimentary
gap from late Bathonian to early Cailovian.

At the base of the section NV 2 the radiolarian as-

semblage referable rc UAZ. 7-11 is present. The scarce

preservation of radiolarians does not pern.rit to give an

exact age to the base of the MRI in this section.
On the basis of these biostratigraphic data the

chronostratigraphical range of the Membro Radiolaritico
Intermedio could be considered as lower-middle Batho-

nian - lower Kimmeridgian. To obtain this age lt was not
sufficient to consider only the radiolarian and calcareous

nannofossils data, we needed also to take into considera-
tion biochronological data deriving from fossils present in
the overlying unit. In fact the age of the ammonites col-
lected in the Rosso Ammonitico Superiore is referable to
late Kimmeridgian. Moreover this study shows that the age

of Men-rbro Radiolaritico Intermedio is variable depend-
ing on the different locations along the Monte Kumeta

palaeoescarpment. In particular the age of the more dis-

tal sections span from early-middle Bathonian to the early
Kimmeridgian while the proximal sections show ages ref-

erable to iate Oxfordian - early Kimmeridgian (Fig. 5)

This age variation proves the presence of heteropy
between the Men.rbro Radiolaritico Intermedio and the
Rosso Ammonitico Inferiore. Moreover, several local gaps

occur in the Membro Radiolaritico Intermedio and they
are restricted to late Bathonian - early Callovian and to
late Oxfordian testifying times of more intense tectonic
activity along the palaeoescarpment.
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