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ABSTRACT

Four Lower Cretaceous sections of  the Calpionella Limestone and the Palombini Shale have been investigated in 
Southern Tuscany (Italy). The Ml. Alpe Chert, the Calpionella Limestone and the Palombini Shale, belonging to 
the allocthonous Internal Ligurid Units, represent the typical sedimentary cover on top of the Western Telhys 
ophiolites. This sequence, widespread in the whole Alpine belt, is generally dismembered and metamorphosed.  
Samples collected from both siliceous and calcareous deposits, are often barren of  calcareous nannofossils.

A careful  field invest igat ion al lowed the identif ication of  sect ions that are almost  complete and not 
me tamorphosed,  and show wel l -preserved l i thological  and sedimentological  features.  Most  samples are 
character ized by rich and wel l -preserved calcareous nannofossi l  assemblages.  The fol lowing calcareous 
nannofossil Zones have been recognized: Nannocomts coloinii. Cretarhcibclus angiistiforatus. Calcicalalliina  
oblongata and the middle-upper pari of  Lithraphidites bollii. In addition, the following nannofossil events have 
been identified: first occurrence (FO) of  Cretarhabdus angiistiforatus, FO of Rucinolithus wisei, FO of Percivalia 
fenestrata,  FO of Tubodiscus jurapelagicus, FO of  Tubodiscus verenae. FO of  Calcicalalliina oblongata, Iasi 
occurrence (LO) of  Rucinolithus wisei, LO of Tubodiscus verenae and FO of Rucinolillnts lerebrodentarius.

The stratigraphic contact between the Mt. Alpe Chert and the Calpionella Limestone lies in the upper part of  
the Cretarhabdus angiistiforatus Zone (late Berriasian), whereas the contact between the Calpionella Limestone 
and the Palombini Shale lies in the lowest part of  the Calcicalatliina oblongata  Zone (earliest Valanginian).  The 
sampled uppermost part of  the Palombini Shale is referred to the middle-upper part of the Lithraphidites bollii 
Zone (late Hauterivian-early Barremian). In the investigated sector of  the Ligurian-Piedmont basin, the Lower 
Cretaceous pelagic carbonate sedimentation of  the Calpionella Limestone,  overlying the Mt. Alpe Chert, starts 
during the early Berriasian and becomes increasingly shaly from the early Valanginian.

Key words: Biostratigraphy, calcareous nannofossils, Early Cretaceous, Southern Tuscany, Italy.

R E S U M E N

Han sido estudiadas en Toscana meridional (Italia) cuatro secciones en las Calizas con Calpionella у Arcillas 
Palombini correspondientes al Cretacico Inferior. El Chert de Mt. Alpe, las Calizas con Calpionella у las Arcillas 
Palombini.  pertenecienles a las Unidades Internas Ligures alóctonas, representan la secuencia lipica de cobertera 
sedimentaria ubicada al techo de las ofiolitas del Tetis occidental. Esta secuencia. ampliamente exlendida en toda 
la banda Alpina, está generalmente fragmentada у metamorfizada; las mueslras procedentes de depósitos tanto 
silíceos с о т о  calcáreos son. a mcnudo, estériles.

Un estudio detallado de campo ha permitido la identificación de secciones que no se encuentran fragmenladas ni 
metamorfizadas y, además, muestran rasgos litológicos y sedimentológicos bien preservados. Asi mismo. muchas de 
la muestras recogidas están caracterizadas por la presencia de asociaciones de nanofósiles calcáreos ricas y bien 
conservadas. En las secciones estratigrdficas estudiadas han sido reconocidas las siguientes biozonas de nanofósiles 
calcáreos: Nannoconus coloinii, Cretarhabdus angitstiforatus, Calcicalalliina oblongata  у la parte superior de 
Lithraphidites bollii; además de los siguientes eventos: primera aparición (FO) de Cretarhabdus angiistiforatus. FO 
de Rucinolithus wisei. FO de Percivalia fenestrata, FO de Tubodiscus jurapelagicus,  FO de T. verenae, FO de 
Calcicalalliina oblongata, ultima aparición (LO) de R. wisei. LO de T. verenae y FO de R. lerebrodentarius.

El limite estraligráfico entre el Chert de Mt. Alpe у las Calizas con Calpionella se sitiia en la parte superior de 
la Zona de Cretarhabdus angiistiforatus (Berriasiense superior), mientras que el limite estraligráfico entre las 
Calizas con Calpionella у las Arcillas Palombini se coloca en la parte inferior de la Zona de Calcicalatliina 
oblongata (Valanginiense basal). Las muestras de la parte más alta de las Arcillas Palombini se atribuyen a la
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parte superior de la Zona de Lithniphidites bollii (Hauteriviense lerminal-Barremiense basal). Рог consiguiente, 
la sedimentación pelágica carbonálica del Crelácico Inferior recubre el Chert de Mt. Alpe en el sector investigado 
de la cuenca  L igur -P iemo ntesa  duran te  el Berr ia si ense ,  inc rementándose  su con ten ido  arci l loso en el 
Valanginiense basal.

Palabras clave: Bioestratigrafía, nanofósiles calcáreos, Cretácico Inferior, Toscana m eridional, Italia.

INTRODUCTION

Dur in g  the M id d le -L a te  Ju rass ic  t ime interval ,  the 
o c e a n i c  L i g u r i a n - P i e d m o n t  b a s i n ,  l o c a t e d  b e t w e e n  
Europe and Adria cont inental  margin,  was involved in the 
r a d i o l a r i t i c  s e d i m e n t a t i o n  o f  th e  M t .  A l p e  C h e r t  
( B a u m g a r t n e r .  1984  a nd  C o n t i  & M a r c u c c i  1986).  
Beg inn ing  from the Jurass i c /Cre taceous  boundary ,  the 
s i l iceous sedimentat ion  was  replaced by the calcareous  
sedimen ta t ion  o f  the Ca lp ione l l a  L imes tone .  F rom the 
Valanginian,  the clast ic input from the cont inental  area 
became  progressively dominant  in the basin giving rise to 
the Palombini  Shale deposit ion,  which was character ized 
by sil iceous and marly l imestones within claystones and 
marlslones.

The Low er  Cretaceous  pelagic sedimentary cover  of  
the oceanic Western Tethys  l i thosphere is represented by 
the Calpionel la Limestone and the Palombini  Shale and is 
co r r e l a t e d  to the M a io l i c a  F o rm a t i o n  o f  the T u s c a n -  
Umbr ian-Marchean  and Southern Alps paleogeographic  
domains.  The latest Ti thonian-early Aptian Maiol ica was 
deposi ted on the cont inental  margin o f  the Adria plate,  
bo rder ing the open ing  oceanic  Tethys  to the sou theas t  
(Kalin et al., 1979; Winterer  & Bosellini,  1981; Erba & 
Quadrio,  1987).

At  present ,  in the T e t hya n  area several  s tud ies  are 
publ ished  on ca lca reous  nannofoss i l  b iost r at ig raphy o f  
L o w e r  C r e t a c e o u s  T e t h y a n  s u c c e ss io n s  d ep o s i t e d  on 
cont inental  crust  (e.g. Umbr ia-Marchean  basin: Bralower  
el a l . .  1989;  S o u th e r n  Alps :  E rb a  & Q u a d r io ,  1987; 
Channel  & Erba 1992; Channel  et al.. 1995; Voconl ian 
T ro u g h t :  G a r d in  & M a n iv i t .  1993;  G a l i c i a n  ma rg in :  
Applegate & Bergen.  1988). However ,  up to now only 
very few data are ava i lab le  on ca lca reous  nannofoss i l  
biost rat igraphy o f  coeval  carbonate pelagic successions 
deposi ted above oceanic crust (Cobianchi  & Villa, 1992) 
exposed in the Northern Apennines.

In the Northern Apennines  (Italy), the r emnants  of  the 
Western Tethys oceanic l i thosphere (Abbate et al., 1980) 
and the i r  M id d l e  J u r a s s i c - L o w e r  C r e t a c e o u s  pe lag ic  
sedimentary cover  are superbly exposed (Principi et al., 
1992; and reference therein).  Nevertheless ,  the pr imary 
l i t h o s t r a t i g r a p h i c  f e a tu r e s  o f  the L o w e r  C r e t a c e o u s  
sedimentary successions are not frequently preserved and 
the s t r a t ig r aph ic  b ou n d ar i e s  be tw e en  the Ca lp io n e l l a  
Limestone and the Palombini  Shale or  between them and 
the under lying formations do not crop out. Moreover,  the 
samples  co l lec ted from the Ca lpione l l a  L imes tone  and 
the Palombini  Shale are frequently barren o f  calcareous 
nannofossils.

N ev e r t h e l e s s ,  a f ew a reas  have  been  found in the 
Northern Apenn ines  such as the Vara Valley (Peri 11 i &

Nannini ,  in press)  and Sou the rn  Tu scany ,  where  these 
formations are fossiliferous and contain nicely preserved 
and diversified nannofossi l  assemblages.  Furthermore,  in 
these areas,  the Calpionel la Limestone and the Palombini 
Shale  are wel l -exposed  and display c l ea r  r e la t ionships  
between them, as well as with the under lying Mt.  Alpe 
Chert ,  or  with the ophioli te succession.

T h i s  w o r k  d e a l s  w i t h  c a l c a r e o u s  n a n n o f o s s i l  
biostratigraphy o f  the Lower  Cretaceous pelagic cover  of  
the  W e s t e r n  T e t h y s  o p h i o l i t e s  r e p r e s e n t e d  by  the  
C a l p i o n e l l a  L i m e s t o n e  a n d  th e  P a l o m b i n i  S h a l e ,  
belonging to the Bracco/Val  Gravegl ia Unit  and cropping 
o u t  in S o u t h e r n  T u s c a n y .  A g o o d  b i o s t r a t i g r a p h i c  
r e s o lu t io n  c o n t r i b u t e s  to e n l i g h t e n  the  s t r a t ig r a p h ic  
f ramework o f  the studied formations and the sedimentary 
evo lu t io n  o f  the L ig u r i a n - P ie d m o n t  Bas in  d ur ing  the 
Early Cretaceous.

T h e  a c c u r a c y  a nd  the  r e l i ab i l i ty  o f  the  a c h i e v e d  
resul t s  are su pp or ted  by the g rea t  n u m b e r  o f  samp les  
analyzed,  the high number  o f  fields o f  view observed for 
each smear  slide, the rich and nicely preserved calcareous 
nannofossi l  assemblages and the total number  o f  genera 
and species recognized.

GEOLOGICAL OUTLINE 
AND PREVIOUS DATING

The Northern Apennines  are built o f  several east- and 
n o r th e a s tw a r d s - v e r g in g  th rust  shee t s ,  s t a ck e d  du r i ng  
Tert iary tectonic phases.  T w o  major  groups o f  nappes are 
dist inguished:  the oceanic (Ligurid)  and the cont inental  
(T us ca n )  nappes .  T h e  L igur id  nappes ,  o v e r r id in g  the 
T u sc a n  nappe ,  are d iv ided  into Internal  and  External  
Ligurid Units (El ter & Pertusati.  1973; Elter, 1975).

T h e  In ternal  L igur id  Uni ts  are r e p r es e n t ed  by the 
J u r a s s i c  o p h i o l i t e  s e q u e n c e s  and  t h e i r  s e d i m e n t a r y  
co ve rs ;  the o p h io l i t e s  are in t e r p re ted  as r e m n a n t s  o f  
o c e a n i c  l i t h o s p h e r e  o f  the  W e s t e r n  T e t h y s  a c c r e t e d  
d u r i n g  th e  M i d d l e  J u r a s s i c - E a r l y  C r e t a c e o u s  
spreading/drif t ing phase (Abbate et al., 1980 and 1992a). 
T h e  se d im e n ta ry  co v e r  o f  the L o w e r - M i d d l e  Ju rass ic  
oph io l i t e  se q u e n c e s  inc lud es  m idd le  C a l l o v i a n - u p p e r  
San ton ian  pelagic deposi ts  which  cons is t  of: Mt.  Alpe 
C h e r t  ( B a r r e l ,  1982 ;  B a u m g a r t n e r ,  1987 ;  C o n t i  & 
Marcucci ,  1986), Calpionel la  Limes tone  and Palombini  
Shale (Decandia & Elter, 1972; Bortolotti,  1983; Abbate 
et al., 1992b). The Palombini  Shale grades upwards  into a 
c o a r s e n i n g - u p w a r d s ,  th i ck ,  tu r b id i t e  s e q u e n c e  (ea rly  
C a m p a n i a n - e a r l y  P a l eo ce ne) ,  i n t e rp re t ed  as de e p- se a  
t r ench  depos i t s :  the Val L a v a g n a  Shale ,  and  G ot t e ro  
Sands tone  (Mar roni  & Perill i ,  1990). Th is  sequence is
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overlain by lower  Pa leocene (Passerini  & Pirini,  1964; 
Marroni  & Per i l i i, 1990) mass -g rav i ty  depos i t s  o f  the 
Colli Tavarone Format ion (Marroni  & Meccher i ,  1994).

Al though there are many recent papers concerning the 
age o f  Tethyan Mt. Alpe Chert ,  based on the analysis of  
radiolarian assemblages (Baumgartner ,  1984, 1987; Conti 
& Marcucci ,  1986, 1991, and bibliography therein),  very 
few and fragmentary biostrat igraphic data (mainly based 
on calpionel l ids  and foraminifera)  are avai lable for  the 
C a l p i o n e l l a  L i m e s t o n e  and  the P a lo m b i n i  Sh a le .  As 
regards the Calpionel la and Palombini  Shale,  many o f  the 
d a t a  p u b l i s h e d  in the  ‘6 0 s  a n d  ‘7 0 s ,  d e r i v e d  f r o m  
scattered outcrops,  where the strat igraphic relat ionships 
b e t we en  these fo rmat ions ,  and be tw e en  them  and  the 
u n d e r l y i n g  Mt .  A l p e  C h e r t  ( a n d / o r  o p h i o l i t e s )  a re  
doubtful  or  unknown.

In the Northern Apennines the Mt. Alpe Chert ,  (0-200 
m e te r s  th i c k )  is r e f e r r ed  to: m id d l e  O x f o r d i a n / e a r l y  
K i m m e r i d g i a n - T i t h o n i a n  by Con t i  et al.  (1 985) ;  late 
Oxford ia n-T i t hon ian / l a t e  Berr ia sian by Picchi  (1985);  
late Oxford ian-ea r ly  T i lhonian by Nozzol i  (1986);  and 
middle Cal lovian/Kimmer idgian-Ti thonian/Ber r ias i an by 
Abbate et al. (1992b).  The Calpionel la Limestone (0-200 
mete r s  thick,  more  f requent ly  0 -50  m) is r e fer red  to: 
T i th o n ia n -N e o co m ia n  by Ghela rdoni  et al. (1965)  and 
Abbate (1969);  Berr ias ian-Valanginian by Dalian et al.
(1968)  and Decandia  & El ter  (1972);  or  Berr ias ian by 
Andri & Fanucci (1973).  The base o f  this formation has 
been assigned to the late Berriasian by Picchi (1985) and 
m id d l e / l a t e  B e r r i a s i a n  by Con t i  & M a rc u c c i  (1991) .  
R e c e n t l y ,  C o b i a n c h i  & V i l l a  ( 1 9 9 2 )  r e f e r r e d  the  
Calpionel la  Limestone to late Ti thonian-Valanginian/ (?)  
early Hauterivian,  whereas  Abbate et al. (1992a) assigned 
th i s  f o r m a t i o n  to the  B e r r i a s i a n - V a l a n g i n i a n .  T h e  
Palombini Shale,  belonging to the Bracco/Val Gravegl ia 
Un i t ,  s t r a t i g r a p h i c a l l y  o v e r l a y i n g  the  C a l p i o n e l l l a  
Limestone is referred to: Berr iasian-Barremian by Casel la 
& Ter ranova (1963);  Valanginian-Apt ian by Ghelardoni  
el al.  ( 196 5) ;  ( ? ) T i t h o n i a n - A p t i a n / A l b i a n  by A b b a t e
(1969);  Valanginian by Dalian et al. (1968),  and to the 
H a u t e r i v i a n / ( ? ) A p t i a n  by D e c a n d i a  & E l t e r  ( 19 7 2) .  
Cobianchi  & Villa (1992) assigned this formation to late 
H au te r i v i an - l a t e  Ap t i an ,  wh i l e  A bb a t e  el al. (1 992b)  
referred the Palombini  Shale to Berriasian-Hauterivian.

T h e  a f o r e m e n t i o n e d  U p p e r  J u r a s s i c - L o w e r  
C r e t ac eo u s  se d i m e n t a r y  co v e r  o f  the W e s t e rn  T e t hy s  
ophioli tes is correlated to the upper  part o f  the Diaspri or 
C a lc a r i  D ia s p r ig n i  and  the M a i o l i c a  o f  the  T u s c a n -  
Umbr ian-Marchean  and Southern Alps paleogeographic 
domains.

METHODS

S e m i q u a n t i t a t i v e  a n a l y s i s  o f  th e  c a l c a r e o u s  
n a n n o f o s s i l s  w a s  m a i n l y  p e r f o r m e d  u n d e r  the  l ight  
mic roscope ,  at 1250X magn if i ca t ion .  Us ing  a d rop o f  
bidistilled water  and a flat toothpick in order  to obtain a 
uniform rippled distribution,  a small amount  o f  sediment  
was dispersed on a cover  glass and dried on a hot plate:

the cover  glass was then permanent ly at tached to a glass 
s l ide wi th  a m o u n t i n g  m e d i u m  ( P e rm o u n t ) .  For  each  
s m e a r  s l i d e  ( 4 0 x 2 4  m m ) ,  a t  l e a s t  10 c o m p l e t e  
longitudinal r andom traverses were analyzed (1 traverse 
= 170 fields). In order  to check the presence o f  rare or 
very rare species,  some  very concent ra ted smear  slides 
have been prepared; and more than 3000 fields have been 
observed.  A special  effort  has been made  to determine 
accurately nannofossi l  events with part icular at tention to 
the First Occurrence (FO) and the Last Occurrence (LO) 
o f  the zonal markers  (verifying their presence and/or  their 
absence).

Six c l a s se s  o f  total  a b u n d a n c e  and  six c l a s se s  o f  
r e l a t i v e  a b u n d a n c e  o f  c a l c a r e o u s  n a n n o f o s s i l s  w er e  
dist inguished.  Total abundance:  Very Abundant  = (VA) 
if  the calcareous nannofossi ls  were > 75% compared to 
the total particles; Abundan t=  (A) if there were > 50% 
and < 75%: C o m m o n  = (C) if there were >  25% and < 
50%;  Few = (F) if there were > 10% and < 25%; Rare = 
(R) if there were > I % and < 10%; and Very Rare (VR)  if 
there were < 1%. Relative abundance:  Very Abundan t  = 
(VA)  10 specimens in each field o f  view: Abundan t = (A) 
1-9 spec imens  in each field o f  view; C o m m o n  =  (С) 1 
specimen in 2-10 fields o f  view; Few = (F) I specimen in 
I 1-100 fields o f  view; Rare = (R) 1 specimen  in 101-200 
fields of  view: and Very Rare = (VR) 1 specimen in >201 
fields o f  view.

F u r t h e r m o r e ,  f o u r  c l a s s e s  o f  p r e s e r v a t i o n  w e r e  
dist inguished: Good  = (G) the majority o f  the species are 
r ec o g n iz a b le  even  if  so m e  are s l ight ly  e t che d  an d /o r  
overgrown;  Moderate  = (M) only the resistant species are 
well recognizable,  whereas  the non-resistant  species are 
h ea v i ly  e t c he d  a n d / o r  o v e r g r o w n  (in pa r t i cu la r  the ir  
p r o c e s s e s  and  the i r  ce n t r a l  a re a )  and s o m e t i m e s  the 
identification o f  the species is difficult: Bad = (B) only 
f ew s p e c ie s  are r e c o g n i z a b l e  and  no m o r p h o l o g i c a l  
features are visible at parallel nicols:  Very Bad = (VB) 
only few specimens are recognizable at crossed nicols.

T h e  m a j o r i t y  o f  th e  195 s t u d i e d  s a m p l e s  a re  
m a r l s t o n e s ,  sh a l y  m a r l s t o n e s  and  m a r l y  c l a y s t o n e s :  
amo ng  them 38 (mainly from the Palombini  Shale)  are 
barren.

LOCATION OF SECTIONS 
AND LITHOSTRATIGRAPHY

T h e  s t r a t i g r a p h i c  s e c t i o n s  c r o p  o u t  in S o u t h e r n  
T u s c a n y ,  in the  C a s t e l l i n a  M o u n t a i n s  a nd  L i v o r n o  
Mountains  (Fig. 1). The sampled interval include the top 
o f  the Ml. Alpe Chert ,  the Calpionel la Limestone and the 
Palombini  Shale.  The strat igraphic boundar i es  between 
the  Ml .  A l p e  C h e r t  a n d  C a l p i o n e l l a  L i m e s t o n e  and  
be tween  the Ca lp ione l l a  L imes tone  and the Palombini  
S h a le  are e x p o s e d  in the C a s t e l l i n a  M o u n t a i n s .  T h e  
uppermost  part of  the Palombini  Shale has been sampled 
al Ch ioma  section.

C a s t e l l in a  M o u n ta in s :  t he Ml .  V i t a l b a  a n d  the  
Poggio Vitalba sect ions are located 40  km southeast  o f  
Livorno.
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Figure 1. Sludy area and location of  the sections: 1) Romito section; 2) Chioma section; 3) Mt. Vitalba section; 4) Poggio 
Vitalba section. Hatched areas represent the main outcrops of  the Internal Ligurids.

In the  Mt.  V i t a lb a  se c t io n  (F ig .  2).  the op h io l i t e  
s eq uen ce  is ove r l a in  by the Mt.  Alpe Cher t ,  wh ich  is 
r epresented  by thin,  wel l -st rat i f ied,  some t imes  graded,  
red radiolarites.  The Mt.  Alpe Chert  grades upwards  to 
the Calpionel la Limestone through a 7 meter  thick silty- 
marly  interval  r e p r es e n t in g  the  t r ans i t iona l  l i tol 'acies 
b e t w e e n  th e  Mt .  A l p e  C h e r t  a n d  the  C a l p i o n e l l a  
L imes tone ;  this interval  is cor rela ted to the Nispor t ino  
Format ion (Borlolott i  el al., 1994). It consists  o f  shaly- 
s i l ty  m a r l s t o n e s  wi th  i n t e r c a l a t i o n s  o f  r ed s i l i c e o u s  
clay.stones,  green s i l iceous  marl s tones ,  red r adiolar i tes 
and,  in the upper  part,  whi te  s i l iceous l imestones.  The 
Calpionel la Limestone is represented by medium to thick 
strata o f  white si l iceous micritic l imestones,  with rare and 
thin to medium thick intercalations o f  marlstones.

At Mt. Vitalba section 18 samples  were col lected;  2 o f  
them are barren o f  nannofossi ls.  The total abundance of  
n a n n o f l o r a s  r a n g e s  f r o m  c o m m o n  to  r a r e  a n d  the  
p r e s e rv a t i o n  is ge n e r a l l y  m o d e ra te .  T h e  n a n n o f o ss i l  
assemblages are richer and more diversified in the upper 
part o f  the transitional si l ty-marly interval and above the 
first l imestone bed.

At the Poggio Vitalba section (Fig. 3), the Mt. Alpe 
Chert  does not crop out. The Calpionel la Limestone lies 
on  a f ew  m e t e r s - t h i c k  c l a y e y  m a r l s t o n e  l eve l .  T h e  
Calpionel la Limestone consists o f  medium to thick strata

o f  wh i t e  s i l i ceous  l im es t on es  wi th  che r t  no du le s  and  
m a r l s t o n e s  sc a t t e r e d  t h r o u g h o u t  the  f o r m a t i o n .  T h e  
marlstone beds become  more shaly and frequent towards 
the top.  In fact, the transi t ion be tween  the Ca lpione l l a  
L im e s to n e  and  the Pa lo mb in i  Sha le  is m a rk e d  by an 
increase in the black marly cl aystones and reduct ion o f  
the sil iceous l imestone layers,  which become thinner. The 
P a l o m b i n i  Sh a l e  co n s i s t s  o f  thi ck  s i l i ceous ,  mic r i t i c  
l imestones,  with a typical dove to grey colour  and anvi l
like profile,  and intercalat ions o f  medium to thick, pale 
b rown  to b lack,  sha ly ma r l s to ne s  and  c l ays t ones ;  the 
thickness o f  the pelites ranges from some  decimetres  to 
about one meter.

At Poggio Vitalba section.  97 samples were collected: 
45 f rom the C a l p i o n e l l a  L i m e s t o n e  and  52 f rom  the 
Palombini  Shale;  19 samples (mainly from the Palombini 
Shale)  are barren o f  nannofossi ls .  The total abundance  
ranges from abundant  to rare, and the preservation from 
g o o d  to bad.  Abo u t  3 0 %  o f  the foss i l i fe rous  samp les  
( m a i n l y  f r o m  th e  C a l p i o n e l l a  L i m e s t o n e )  c o n t a i n  
d i v e r s i f i e d  a n d  w e l l - p r e s e r v e d  n a n n o f l o r a s .  T h e  
n a n n o f o s s i l  a s s e m b l a g e s  o f  th e  s a m p l e s  f r o m  the  
Palombini  Shale display evidence o f  etching.

L iv o r n o  M o u n ta in s :  t h e  R o m i t o  a n d  C h i o m a  
sections crop out 15 km south o f  Livorno.

The Romi to  section crops out along the Aurelia road.
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PO G G IO  V IT A L B A  S E C T IO N

Figure 2. Lithost ra t igraphy and calcareous nannoľossil  
biostratigraphy oťthe Mt. Viialba section.

A coarse ophioli t ic breccia mainly with gabbroic clasts 
grades upwards  to stratified red radiolarites,  through a red 
unfoss i l  i f erous  level  o f  s i l i ceous  c l ays tones .  T h e  Mt.  
A l p e  C h e r t  g r a d e s  u p w a r d s  to the  P a l o m b i n i  S h a l e  
through a shaly level character ized by intercalat ions of  
r ed s i l i c e o u s  sha les ,  g r ee n  s i l i c e o u s  m a r l s t o n e s  and 
micr i t ic  s i l iceous  l imes tones .  In the up pe r  part  o f  the 
section the sil iceous l imestones with anvil-like profile are 
more frequent  and are in t erbedded with pale b rown to 
black shaly marlstones:  nodula r  cherts are very rare. In 
the upper  part  o f  the outcrop,  the Palombini  Shale  are 
folded and disrupted.

At Romi to  sect ion 23 samples  have been col lected,  
but 15 are barren o f  ca lcareous  nannofossi ls .  The total 
abundance o f  nannofossi ls ranges from rare to very rare 
and the preservation is generally bad.

In the Ch ioma section (Fig. 4) the Palombini  Shale is 
w e l l - e x p o s e d  a lo n g  the  co a s t l in e  for  m o r e  than 100

Figure 3. Lithost rat igraphy and calcareous  nannofossi l  
biost rat igraphy of  the Poggio Vitalba section 
(see legend in Fig. 2).

me ter s ,  but  the con tac t  wi th the un der ly ing  format ion 
d o e s  not  c r o p  ou t .  T h e  l o w e r  pa r t  o f  the  s e c t i o n  is 
ch a r a c t e r i z e d  by th ick  s t r a t a  o f  s i l i c e ou s  l i m e s t o n e s  
in tercala t ed  wi th l amina ted ,  black,  so me t im es  s l ight ly 
marly,  c l ays tones  and rare quar tz-areni tes .  The thicker  
b e d s  s h o w  a de t r i t i c  b a s e  w h ic h  g r a d e s  u p w a r d s  to
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laminated brownish marlstones.  At about 20 meters from 
the base o f  the section,  disrupted and folded layers are 
present .  Abo ve  this level the marly cl ays tones  and the 
laminated shaly marlstones increase in frequency and the 
l imestones become  rare. In fact, in the middle pari of  the 
s e c t i o n ,  th e  P a l o m b i n i  S h a l e  is r e p r e s e n t e d  by  a 
monotonous  al ternance o f  medium to thick strata o f  shaly 
m a r l s t o n e s  a n d  th in ,  s o m e t i m e s  m e d i u m ,  s t r a t i f i e d

s i l i ceous  l imestones .  Final ly,  in the up p er  par t  o f  the 
s e c t i o n  the  s i l i c e o u s  l i m e s t o n e s  i n c r e a s e  e i t h e r  in 
thickness or  in f requence,  and they become  predominant  
compared  to the shaly marlstones,  part o f  which are very 
thin.

At C h i o m a  sect ion 57 samples  have been col lected 
and only 2 are bar ren  o f  ca lca reous  nannofoss i l s .  The 
nannofossi l  a s semblages  r ecognized at C h i om a  sect ion 
are less diversi f ied than those f rom the Poggio Vitalba 
sect ion.  T he  total a b un d a nc e  ranges  f rom c o m m o n  to 
rare, and the nannofossi ls are moderately preserved.  Less 
than 40%  of  the samples  are character ized by diversified 
nannofoss i l  a s sem blages ,  whi le  the o the r  fossi l i ferous 
samples  are character ized by a low number  o f  species (5- 
10) and specimens,  that are general ly badly preserved.

BIOSTRATIGRAPHY

Coccol i ths  and nannocon ids  are the most  important  
b i o g e n i c  c o n s t i t u e n t s  o f  the  s t u d i e d  m u d s t o n e s ,  
m a r l s t o n es  and  l i m es t on es ;  in m or e  than 5 0 %  o f  the 
samples they consti tute f rom 25% to 75% o f  the whole 
rock and often represent the bulk o f  the micrit ic fraction. 
In fact, they are the dominant  biogenic consti tuents o f  the 
T e t hya n  L o w e r  C re t ac eo u s  pe lag ic  sed im en t s  and are 
extensively used in biostrat igraphy.

S i n c e  th e  s e v e n t i e s ,  m a n y  z o n a t i o n s  b a s e d  on 
calcareous nannofossi ls have been proposed for the Early 
C r e t a c e o u s :  T h i e r s t e i n .  1971,  1973,  1976;  D e r e s  & 
Acher i l eguy .  1972, 1980; S iss ingh,  1977; Roth,  1978; 
P e r c h - N i e l s e n ,  1979,  1985;  B ra l o we r ,  1987; Erb a  & 
Q u a d r i o ,  198 7 ;  C h a n n e l l  e t  a l . .  1987 ;  E r b a ,  1989;  
A p p l e g a t e  & B e r g e n ,  1988 ;  B r a l o w e r  e t  a l . ,  1989;  
C h a n n e l l  & E r b a ,  19 92 ;  C h a n n e l l  e t  a l . ,  199 5 ;  
Mutter lose.  1992a.  1992b. Many  o f  these zonat ions are 
based on pelagic sequences  from the Tethyan  realm. In 
particular.  Bralower.  1987; Channel l  et al., 1987; Erba & 
Q u a d r i o ,  1987;  E rb a ,  1989;  B r a l o w e r  e t  a l . .  1989;  
Channel l  & Erba.  1992 carried out calcareous nannofossil  
zon a t ion s  on several  L o w e r  C r e t ac eo u s  l and-sec t ions  
from Italy.

Many o f  these authors at tributed; the first occurrence 
( F O )  o f  C r e t a r h a b d u s  a n g u s t i f o r a t u s  to th e  l a t e  
Berr ias ian;  the FO o f  C alc ica la th ina  ob lo n g a ta  to the 
e a r l i e s t  V a l a n g i n i a n ;  th e  l a s t  o c c u r r e n c e  ( L O )  o f  
Titbodiscus verenae  to the late Va langinian;  the FO of 
Lithraphidites bollii to the early Hauterivian,- the LO of  
Cruciellipsis cuvillieri  to the late Hauterivian,  the LO of  
Lithraphidites bollii  to the early Barremian and the LO of  
Calcicalathina oblongata  to the early Barremian.

Moreo ve r ,  qui te  a few authors  ascr ibed:  the FO  of  
R u c i n o l i t h u s  w i s e i  ( T h i e r s t e i n ,  1971 ,  19 73 ,  1976;  
A p p l e g a t e  & B e rg e n ,  1988;  B r a l o w e r  et a l i i ,  1989;  
G a r d i n  & M a n i v i t ,  1 9 9 3 ) ,  t h e  F O  o f  P e r c iv c i l ia  
f e n e s t ra ta  (Thiers tein,  1971, 1973, 1976; App lega te  & 
Bergen ,  1988; Cha nn e l l  e t  a l . , 1987; B r a l ow e r  et al., 
198 9 ;  G a r d i n  & M a n i v i t ,  19 9 3 )  a n d  th e  F O  o f  
Titbodiscus ju rape lag ic i ts  (App lega te  & Bergen,  1988; 
Bralower  et al. 1989; Gardin & Manivi t ,  1993) to the late
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(l)Harlandetal. (1990) (2) Thierstein (1971,1973, 1976) (*) Nannofossil events recognized

Figure  5. S u m m a r y  f igure  o f  c a lc a r e o u s  na nn of oss i l  
zonations and nannofossil events considered in 
th is  p a p e r  fo r  ihe  ea r l y  B e r r i a s i a n - e a r l y  
Barremiam interval.

B e r r i a s i a n ,  w i t h in  the C r e ta r h a b d u s  a n g u s t i f o r a tu s  
Zone.  The FO o f  Tubodisciis verencie has been found just  
below (Thierstein.  1971. 1973. 1976; Erba & Quadr io,  
1987), coincident  (Sissingh,  1977; Roth,  1978) or  above 
(Pe rch-Nie lsen.  1985; Bralower,  1987; Channel !  el al.. 
1987; Channel l  & Erba,  1992) the FO of  Calcicalathina  
o b lo n g a ta .  F inal ly ,  the L O  o f  R u c in o li lh i i s  w ise i  has 
been placed in the early Valanginian (Thierstein.  1971. 
1973, 1976; Bra lower  et al., 1989) or  late Valanginian 
(Applegate & Bergen,  1988; Mut ter lose & Wise.  1990).

The FO of  N ann o c o n u s  bucher i  has been at tr ibuted 
to the upper  part o f  the Calcicalathina oblongata  Zone,  
before the FO of  Lithraphidites bollii  (Thierstein.  1971, 
1973, 1976; Deres  & Acheri teguy.  1980; Perch-Nielsen,  
1985; Erba 1989; Channel l  et al.. 1995) and the FO of  
R u c i n o l i t h u s  t e r e b r o d e n t a r i u s  ( B r a l o w e r .  1 9 8 7 ;  
C h a n n e l l  et a!.,  1987 ;  A p p l e g a t e  & B e r g e n .  1988;  
Channel l  & Erba,  1992) has been obse rved wi thin the 
L i t h r a p h i d i t e s  b o l l i i  Z o n e ,  j u s t  a b o v e  t h e  L O  o f  
Cruciellipsis cuvillieri.

In the studied sect ions,  fol lowing Thie rs t ein  (1971,  
1973.  1976)  the r e c o g n i z e d  Z o n e s  are;  N a n n o c o n u s  
colom ii ,  C r e ta rh a b d u s  a n g u s t i fo ra tu s ,  C a lc ic a la th in a  
oblongata  and the middle-upper  part o f  the Lithraphidites  
bollii (Fig. 5). Nine nannofossi l  events were recognized; 
FO of  Cretarhabdus angustiforatus,  FO of  Rucinolilhiis  
wisei,  FO o f  P erc iv a l ia  fe n es lra ta ,  FO o f  T ubod isc i is  
j u r a p e l a g i c u s ,  F O  o f  T u b o d i s c i i s  v e r e n a e ,  F O  o f

Calcicalathina oblongata,  LO  of  Rucinolithus wisei. LO 
o f  T u b o d i s c i i s  v e r e n a e  a n d  F O  o f  R u c i n o l i t h u s  
terebrodentarius.

General ly the nannofacies,  especially in the marlstone 
and marly c l ays tone intervals,  are cha racter ized by the 
d o m i n a n c e  o f  the E l l i p sa g e lo sp h ae r ac e ae .  T h e  ge nu s  
Watznaueria  is dominant  and is represented by com mon  
to abundant  W. barnesae  and very rare to few W. biporta, 
W. britannica  and W. com m unis  (Perilli in preparation);  
in th e  r a n g e  c h a r t s  al l  t h e s e  s p e c i e s  a r e  l i s t e d  as 
Watznaueria  spp. However ,  the nannofossi l  assemblages 
are frequently diversified; 25 genera and 42 species have

Assipetra infracretacea (Thierstein. 1973) Roih (1973)
Bisculiun constans (Gorka, 1957) Black in Black & Barnes (1959) 

Braarudosphaera bigelowii (Gran & Braariid, 1935) Deflandre (1947) 

Braarudosphaera regnlaris Black (1973)
Calcicalathina sp. A (Bergen. 1994)

Calcicalathina oblongata (Worsley. 1971) Thierstein (1971)

Conusphaera mexicana Trejo (1969)

Cretarhabdus angustiforatus (Black. 197 la) Bukry (1973)

Cretarhabdus amicus Bramletie & Martini (1964)

Cretarhabdus octofenesiratus Bralower in Bralower. Monechi &

Thierstein (1989)
Cruciellipsis atvillieri (Munivit. 1966) Thierstein (1971)

Cyclagelosphaera ileflandrei (Munivit. 1966)

Cyclagelosphaera nuirgerelii Noel (1965)
Diadorliombus rectus Worsley (1971)

Diazomatolihus lehmanii Noel (1965)

Glaukolithus diplogrammus (Deflandre in Deflandre & Fen. 1954) 

Reinhardt (1964)

Haqius circumradiatus (Stover. 1966) Roth (1978)

Lithraphidites bollii (Thierstein. 1971) Thierstein (1973)

Lithraphidites carniolensis Deflandre (1963)

M aniv ite lla  pe itnualo idea  ( Deflandre  in Munivit.  1965) Thierste in  ( 1 9 7 1) 

M icran lho litlu is  hosclu ilzii (Reinhardt.  1966a) Thierstein  ( 1 9 7 1) 

M icran lho litln is  ob tusus  S tradner (1963)

Microstaurus chiastius (Worsley. 19 7 1) Grun in Grim & Alleniann ( 1975) 
Nannoconus bucheri Bronnimunn (1955)

Nannoconus colomii (de Lapparent. 1931) Kanipmer (1938)

Nannoconus globulus Bronnimunn (1955)

Nannoconus kamptneri Bronnimunn (1955)

Nannoconus steinmunnii Kumptner ( 19 3 1)

Nannoconus uassailii Bronnimunn (1955)

Percivaliafenestrata (Worsley. 1971) Wise. 1983 

Rluigodiscus asper (Stradner. 1963) Reinhardt (1967)

Rhagodiscus nebulosus Bralower in Bralower. Monechi & Thierstein (1989) 

Rucinolithus terebrodentarius Covington &Wise (1987)
Rucinolithus n isei Thierstein ( 1971)

Speelonia colligata Black ( 1971a)

Tubodisciis jurapelagicus ( Worsley. 1971) Roth (1973)

Tubodisciis verenae Thierstein (1973)

Watznaueria barnesae (Black in Black & Barnes. 1959) Perch-Nielsen (1968) 

Watznaueria biporta Bukry (1969)

Watznaueria britannica (Stradner. 1963) Reinhardt (1964)

Watznaueria communis (Reinhardt. 1964) Perch-Nielsen (1968) 
Zeugrhabdotus embergeri (Noel. 1959) Perch-Nielsen ( 1984a)

Table  1. Calcareous nannofossil species recognized in this 
study
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Table 2. Range chart of  calcareous nannofossils of  Mt. Vitalba section (see text for simbols).

been recognized (Tab.  1). The nannocon ids  are usually 
r e p r e s e n t e d  by N a n n o c o n u s  s t e i n n u m n i i ,  w h e r e a s  
N a n n o c o n u s  g l o b u l u s ,  N a n n o c o n u s  k a i n p tn e r i  a n d  
N a n n o c o n u s  c o l o m i i  a r e  s u b o r d i n a t e ;  N a n n o c o n u s  
bucheri  and N annoconus  wassallii  are obse rved only in 
the Ch i oma  section.  The peak abundance o f  nannoconids 
seems to be related to the carbonate content ,  as derived 
f r o m  t h in  s e c t i o n s  o f  l i m e s t o n e s ;  the  m i e r i t e  is 
cha racter ized by the domina nce  o f  nannocon ids  with a 
narrow axial canal.

Nannoconus colom ii Z one
D ef in i t io n  - In te rva l  f rom the  f irs t  o c c u r r e n c e  o f  

N a n n o c o n u s  c o l o m i i  to  th e  f i r s t  o c c u r r e n c e  o f  
C r e ta rh a b d u s  a ngus t i fo ra tu s;  author :  Who rs le y ,  1971 
and emended  by Thierstein,  1971.

Remarks - The base of  this Zone,  which is correlatable 
with a sha rp  increase in nannocon id  abunda nce  (Erba,  
198 9)  h as  n o t  b e e n  r e c o g n i z e d  in th e  i n v e s t i g a t e d  
s e c t i o n s .  T h e  p o o r  a n d  b a d l y  p r e s e r v e d  c a l c a r e o u s  
nannofossi l  a s semblages  of  the f ew samples  referred to 
this Zone (Tab.  2) include few to com mon/a bundan t  A. 
infracretacea, C. inargerelii, D. lehmanii, M. cltiasrius, 
Watznaueria  spp., Z. einbergeri , and very rare to few C. 
mexicana, C. conicus. C. octofenestratus, C. cuvillieri, C. 
d e f la n d r e i ,  G. d ip lo g r a m in u s ,  H. c ircum rac l ia tu s .  L. 
c a r n i o l e n s i s .  R. n e b u l o s u s ,  R u c i n o l i t h u s  sp.  T h e  
n a n n o c o n i d s  a re  c h a r a c t e r i z e d  by th e  p r e s e n c e  o f  
s pe c i m en s  l a rge r  than 8 |j such as N. s te in m a n n ii ,  N. 
globulus,  and very rare specimens o f  N. colomii.

Reference section - This  Zone has been recognized at 
Mt.  Vitalba section.

A g e  - T h e  ra re  and  b a d l y  p r e s e r v e d  n a n n o f o s s i l  
as semblages from this zone al low us to ascribe the few 
basal meters o f  Mt.  Vitalba section to an age probably not

o l d e r  th a n  e a r l y  B e r r i a s i a n :  the  u p p e r  p a r t  o f  the  
N annoconus colomii  Zone is correlated with the NK-1 o f  
Bralower  et al. (1989).

Cretarhabdus angustiforatus Zone
D ef in i t io n  - In te r va l  f rom  the first  o c c u r r e n c e  o f  

C re tarhabdus  angus t i fo ra tus  to the first occur rence  o f  
Calcicalathina oblongata:  author Thierstein,  1971.

Remarks - C. angustiforatus  first occurs in the lower 
part  o f  the Mt.  Vi ta lba sect ion and is general ly rare or 
frequent,  somet imes  it is absent.  In the upper  part o f  the 
Mt.  Vi ta lba  sect ion,  R. wisei  occurs s l ight ly before P. 
fenes tra ta:  both species are rare and not well-preserved.  
Nice ly  p r es e rv e d  and mor e  f r equ en t  s p e c im e n s  o f  R. 
wisei  and P. fenes tra ta  were observed in the lower  part of  
the Pogg io  Vita lba  sect ion toge ther  with D. rectus. S. 
c o l l ig a ta  and T. j u r a p e la g ic u s ;  this  la t t er  t axon first 
occurs  in the upper  part  o f  the Mt.  Vi ta lba sect ion.  S. 
colliga ta ,  D. rec tus  and T. ju ra p e la g ic u s  are rare and 
occ ur  sporadical ly.  Besides,  R. wisei,  D. rectus  and S. 
c o l l i g a t a  a r e  a l w a y s  e a s i l y  r e c o g n i z a b l e ,  w h i l e  P. 
fenes tra ta  and  T. ju ra p e la g ic u s  are some t imes  hard to 
dist inguish from similar  species (e.g.. R. nebulosus  and T. 
verenae).  T rans i t ional  forms be tween T. ju ra p e la g ic u s  
and T. verenae  o cc ur  in the low er  part  o f  the Pogg io  
V i t a l b a  se c t io n  b e f o r e  the  FO  o f  T. ve re n a e ,  w h ic h  
appears in the lower  part o f  the Poggio Vitalba section. 
U p w a r d s ,  s l i g h t l y  b e l o w  the b o u n d a r y  b e t w e e n  the 
C a l p i o n e l l a  L i m e s t o n e  a nd  the  P a l o m b i n i  S h a le  C. 
oblongata  first occurs.

In addi t ion,  the as semblages  belonging to this Zone 
(Tab. 2 and 3) are character ized by the presence o f  few to 
c o m m o n / a b u n d a n t  A. in fr a c re ta c e a ,  C. cu v i l l ie r i ,  C. 
inargerelii ,  D. lehm anii ,  N. s te inm ann ii ,  W a tznauer ia  
spp. ,  Z. e in b e r g e r i .  O t h e r  s p e c ie s  g e n e r a l l y  p r e s e n t
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Table 3. Range chart of calcareous nannofossils of Poggio Vitalba section (see text for simbols).

i n c l u d e  r a r e  to  f e w / c o m m o n  C. m e x i c a n a ,  C. R ucinolithus  sp., and R. cisper, and very rare to f ew B. 
cm g u s t i fo ra tu s ,  C. o c to fe n e s tr a tu s ,  C. d e f lc in d re i , L. c o n s ta n s ,  B. b ig e lo w i i ,  B. r e g u la r i s ,  C. c o n ic u s .  G. 
ca in io lens is ,  M. hosc lw lz i i ,  M. chiaxtuis,  N. g lobulus ,  cliplogrammus , H. circumracliatus. M. pemm ctto idea , M.
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obtiisus, N. colomii,  N. kam ptneri  and R. nebulosus.  The 
c a l c a r e o u s  n an n o f os s i l  a s s e m b l a g e s  o f  this  b io z o n e ,  
c o m p a r e d  to those  o f  the N a n n o c o n u s  c o lo m i i  Zo ne ,  
d i s p l a y  an in c r e a s e  in to t a l  a b u n d a n c e  and  re l a t i v e  
abundance.  On the contrary,  they are not very diversified 
f rom those be l ong ing  to the C alc ica la th ina  ob longa ta  
Zone.

R e f e r e n c e  s e c t i o n s  - T h i s  z o n e  h as  b e e n  e a s i l y  
r ecognized at Mt.  Vitalba and Pogg io  Vi talba sections.  
The  calcareous nannofossi l  as semblages  f rom the upper  
pari  o f  the Mt.  Vit a lba  sect ion are cor re la ted with the 
a s s e m b l a g e s  o f  the basal  par t  o f  the P o g g io  V i ta lb a  
section.

Age - Late Berr iasian-ear l iest  Valang in ian based on 
the presence o f  R. wisei, P. fenestrata .  T. jurcipelagicus  
and T. verenae;  this Zon e  cor responds  to the NK-2  o f  
Bralower  et at. ( 1989).

Calcicalathina oblongata  Z one
D ef in i t io n  - In terva l  f ro m  the f irs t  o c c u r r e n c e  o f  

C a l c ic a la th in a  o b lo n g a ta  to the  f irs t  o c c u r r e n c e  o f  
Lithraphidites bollii: author: Thierstein,  1971.

Remarks  - Almos t  all samples referred to this biozone 
b e l o n g  to the  P a l o m b i n i  Sh a le ,  and  the n a n n o f o s s i l  
a s semblages  o f  this biozone are simi lar  to those o f  the 
Cretarhabdits angusti foratus  Zone.  The zonal marke r  is 
present only in few samples,  with very rare specimens.  
B e s i d e s ,  T. j u  r a p e l a g i c u s  a n d  T. v e r e n a e  o c c u r  
sporadical ly in relative abundance ranging from very rare 
to few. R. wisei  disappears in the upper  part o f  the Poggio 
Vitalba section slightly before the LO of  T. verenae: both 
species are absent in the Romito section.

The as semblages  (Tab.  3) compri se  f ew/c omm on  to 
abundant  A. infracretacea, C. margerelii,  C. cuvillieri, D. 
lehnianii, N. steininannii,  Watznaueria  spp., Z. embergeri  
an d  ra re  to f ew  C. in e x ic a n a .  C. a n g u s t i fo r a tu s .  C. 
dejlandrei, L. carniolensis, M. cliiastius. M. hoscluilzii.  
M. ob tusus .  P. f e n e s t r a ta  and  R. a sper .  Spec i es  with 
scattered occurrence and relative abundance ranging from 
v e r y  r a r e  to f e w  a re :  B. c o s t a n s . B. b i g e l o w i i ,  B. 
r e g u l a r i s ,  C a l c i c a l a t h i n a  sp .  A, C. c o n i c u s ,  C. 
o c t o f e n e s t  ra t  us, D. r e c tu s .  G. d ip l o g r a m n i u s .  H. 
c i r c u i n r a d i a t u s ,  M. p e m i n a t o i d e a ,  N. c o l o m i i .  N. 
kamptneri.  N. globulus. Ruciiiolitlius sp., R. wisei and S. 
colligata. In the recognized C retarhabdus angustiforatus  
and Calcicalathina oblongata  Zones  the nannoconids are 
ab un d a n t  and we l l -p res e rv ed  but  not  d iver s i f ied;  as a 
matter  o f  fact N. steininannii is always predominant .

Reference sections - This Zone  has been recognized at 
Pogg io  Vi ta lba  and  Ro m i to  sect ions .  Th e  nannofoss i l  
a ssemblages  f rom the upper  part o f  the Poggio Vi talba 
section are correlated with the impoverished nannofloras 
o f  the Romito.

Age - The reported assemblages are character ized by 
the occurrence o f  C. oblongata. 'Г. verenae.  and R. wisei: 
the two latter species disappear  in the upper  part o f  the 
Pog g io  Vi ta lba  sec t ion  (wi thin the Pa lom bin i  Shale) .  
Th es e  data a l low us to refer  ihese a s sem bl age s  to the 
lower  and middle part o f  the C alcica la th ina  ob longata  
Zone,  early to late Valanginian in age which is correlated

with the NC 3 o f  Roth (1978),  Bralower  (1987),  Channel l  
et al. (1987) and Channel l  & Erba (1992).

Lithraphidites bollii Z one
D ef in i t io n  - In terva l  f ro m  the first  o c c u r r e n c e  o f  

L i t h r a p h i d i t e s  b o l l i i  to  th e  l a s t  o c c u r r e n c e  o f  
Calcicalathina oblongata:  author: Thierstein,  1971.

Remarks  - All samples  referred to this biozone belong 
to the P a lo m b i n i  S ha le  and are c h a r a c t e r i z e d  by the 
absence o f  C. cuvillieri  and the presence o f  C. oblongata  
t og e the r  wi th  R. te reb ro d e n ta r iu s .  T he  ab se nc e  o f  C. 
cuvill ieri , f rom the lowest  samples  col lected at Ch ioma  
section,  is not related to preservation or  paleoecological  
causes.  In fact, C. cuvill ieri  is always present and quite 
abundant  in the early Berriasian-late Hauterivian Tethyan 
sediments (quoted literature).  Besides,  the absence o f  C. 
cuvillieri is consistent  with the FO of  R. terebrodentarius,  
considered coincident  or  slightly younger  than the LO of 
C. cu v i l l ie r i  ( B ra lo w e r ,  1987;  C ha n n e l l  et a l. ,  1987; 
Ap p le g a te  & Bergen ,  1988; Ch an ne l l  & Erba,  1992).  
W i t h i n  th i s  z o n e ,  as  w e l l  a s  in th e  C r e t a r h a b d u s  
angustiforatus  and Calcicalathina oblongata  Zones,  very 
s imila r  fo rms  to R. te reb ro d e n ta r iu s  (B ra l ow er  et a l ., 
1989; A pp l ega te  & Bergen,  1988) were  ob se rve d  and 
reported in the range charts as Rucinolitlnis  sp.

L. bollii has been found only in 2 samples.  It must  be 
noticed that there is no disagreement  on the FO and the 
LO  of  L. bollii, but  f requent ly this species is rarely or 
very rarely present ,  and somet imes  heavely overg rown 
and not easily r ecognizable (Bralower.  1987; Applegate 
& Bergen.  1988). Moreover,  in 2 samples from Chioma 
section,  very s t rongly overg r own  specimens  o f  L ith ra 
p h id i t e s  sp.  are p resen t  so m e  o f  which  are dub iou s l y  
listed as L. cf. bollii.

The assemblages  belonging to this biozone (Tab.  4),  
are cha racter ized by the p redominance  o f  W atznaueria  
spp.  and the p resence o f  rare to co m m o n /a b u n d a n t  C. 
angus t i fo ra tu s ,  C. m argere li i ,  D. lehnianii, L. c a r n io 
le n s is .  M. h o s c lu i l z i i .  M. o b tu s u s ,  M. c l i ia s t iu s ,  N. 
globulus, N. steininannii, R. asper. R. terebrodentarius.  
and Z. em b e rg er i .  O th e r  spec ies  occ as iona l ly  present  
include very rare to rare/few A. infracretacea. B. b ig e 
lowii. B. regularis. Calcicalath ina  sp. A, C. oblongata,  
C. in e x i c a n a ,  C. c o n i c u s ,  C. o c t o f e n e s t r a t u s ,  C. 
d e f la n d re i ,  G. d ip lo g r a m n iu s .  H. c ircu in ra d ia tu s ,  M. 
pem ina to idea .  N. buclieri.  N. colomii. N. kam p tner i  N. 
w a s s a l l i i ,  P. f e n e s t r a t a .  R u c i n o l i t h u s  sp .  a n d  S. 
colligata.

Reference section - As said above,  the upper  pari of  
the C. oblongata  and the lower  pari of  the Lithraphidites  
bollii  Zone have not been found in all the invest igated 
section.  The  midd le -upper  part  o f  Lithraph id i tes  bolli i  
Zone has only been recognized al Ch ioma  section.

A g e  - T h e  p r e v i o u s l y  r e p o r t e d  a s s e m b l a g e s  are 
character ized by the absence of  C. cuvillieri. the presence 
o f  C. o b lo n g a ta  and  o f  R. t e r e b r o d e n ta r i u s  and  the 
scat t ered  s pe c i m en s  o f  L. bo ll i i  and  L. cf. bollii.  Th e  
o c c u r r e n c e  o f  R. t e r e b r o d e n t a r i u s  f ro m  the  lo w e s t  
samples  col lected al C h io m a  sect ion,  al low us to refer 
t h e s e  a s s e m b l a g e s  to  ih e  m i d d l e - u p p e r  p a r t  o f
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Table 4. Range chart of  calcareous nannofossils of  Chioma section (see text for simbols).

Litlirciphiclites bolli i  Zone,  which  is correla ted with the 
N C  5 b / N C  5c o f  B r a l o w e r  ( 1 9 8 7 ) ,  C h a n n e l l  e t  cil., 
(1987),  Channel l  & Erba (1992) and the C C  5 o f  Sissingh

( 1 9 7 7 )  a n d  P e r c h - N i e l s e n  ( 1 9 8 5 ) .  T h e r e f o r e  th e s e  
as semblages are assignable to the late Hauter ivian/early 
Barremian.
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CONCLUSIONS

Four  un me tam o rp ho se d  Low er  Cretaceous  sections,  
belonging to the Bracco/Val  Gravegl ia  Unit ,  have been 
investigated in Southern Tuscany  (Italy). The Bracco/Val  
Graveg l i a  Unit  cons is ts  o f  Ju rass ic  oph iol i te  sequence  
and its thick sedimentary cover,  interpreted as r emnants 
o f  the Western  Tethys  oceanic l i thosphere.  The studied 
success ion includes  the Ca lpionel la  L imes tone  and the 
Palombini  Shale.  They are correlated to the Maiolica,  o f  
the  T u s c a n - U m b r i a n - M a r c h e a n  a n d  S o u t h e r n  A l p s  
paleogeograph ic  domains ,  which was  deposi ted  on the 
co n t in en ta l  m a rg in  b o r d e r in g  the L i g u r i a n - P i e d m o n t  
Basin to the southeast .

In the studied area, the Mt. Alpe Chert ,  made up of  
wel l -bedded r ibbon radiolarites,  passes to the Calpionel la 
L im e s to n e  th r oug hou t  a thin s i l ty -mar ly interval .  Th e  
Ca lp ione l l a  L ime s tone  includes  grey to dove  s i l iceous 
and  mar ly  l im es t one s  wi th  r are in t e rca lat ions  o f  grey 
marl stones o r  clayey marl stones and grades upwards  to 
th e  P a l o m b i n i  S h a l e .  T h i s  l a t t e r  c o n s i s t s  o f  g r e y  
m a r l s t o n e s  and  g rey  to d a r k  m a r l y  c l a y s t o n e s .  wi th  
interested grey to dove si l iceous and marly l imestones.  In 
the i n v e s t i g a te d  s e c t i o n s  the  s t u d i e d  f o r m a t i o n s  are 
c o n t i n u o u s l y  e x p o s e d  a n d  w i t h  w e l l - p r e s e r v e d  
l i thost rat igraphic features.  Besides ,  the major i ty o f  the 
c o l l ec te d  s a m p le s  sh o w s  r ich,  d iv e r s i f i e d  and  n ice ly  
preserved calcareous nannofossi l  assemblages.

A l t o g e t h e r ,  25 g e n e r a  a nd  42 s p e c ie s  h a v e  been  
r e c o g n i z e d .  In m o r e  th a n  3 0 %  o f  the  f o s s i l i f e r o u s  
samples,  the total number  o f  species r anges f rom 10 to 
25, the total abundance ranges from few to com mon  and 
the preservation ranges from moderate  to good.  The total 
a b u n d a n c e  s h o w s  s o m e  r e l a t i v e ly  h ig h  f l u c t u a t i o n s  
d e p e n d i n g  on  the  l i t h o l o g y :  m a r l s t o n e s  a n d  m a r l y  
l i m e s t o n e s  a r e  f r e q u e n t l y  c h a r a c t e r i z e d  by  r i c h e r  
a s s e m b l a g e s  c o m p a r e d  to t h o s e  o f  l i m e s t o n e s  a n d  
c a l c a r e o u s  c l a y s t o n e s .  L i k e w i s e ,  the  p r e s e r v a t i o n  
strongly depends on the l i thology: the marl stones show 
the  bes t  p r e s e r v e d  n a n n o f l o r a s .  w h e r e a s  the  m a r l y  
claystones and calcareous claystones display specimens  
w i t h  e v i d e n c e  o f  d i s s o l u t i o n .  O n  the  o t h e r  h a n d ,  
overgrowth generally character izes the l imestones and the 
si l iceous limestones.

F o l l o w i n g  T h i e r s t e i n  ( 1 9 7 1 ,  19 73 ,  19 76 )  the  
r e c o g n i z e d  Z o n e s  a r e :  N a n n o c o n u s  c o lo n i i i .  
C retarhabdus  a n g u s t i fo m lu s .  C alcica la th ina  oblongata  
and the m id d l e - u p p er  par t  o f  L i th ra p h id i te s  bollii.  In 
ad d i t io n ,  the d e t ec te d  na n n of os s i l  e v e n t s  are:  FO of  
C retarhabdus angustiforatiis, FO of  Rucinolitluis wisei.  
F O  o f  P e r c i r a l i a  f e n e s t r a t a ,  F O  o f  T u b o d i x c u x  
j u r a p e l a g i c i t s .  F O  o f  T u b o d i s c u s  v e r e n a e , F O  of 
Calcicalathina oblongata,  LO of  Rucinolitluis wisei. LO 
o f  T u b o d i s c u s  v e r e n a e  a n d  F O  o l  R u e i n o l i t l ius  
terebrodeutarius. In the Ch ioma  section the co-occurence 
o f  C a l c i c a l a t h i n a  o b l o n g a t a  a n d  o f  R u c i i i o l i t h u s  
terebrodeutarius  is reported.

The strat igraphic contact  between Ml. Alpe Chert  and 
C a l p i o n e l l a  L i m e s t o n e  l ies in the u p p e r  pa r t  ol the 
C r e ta r h a b d u s  a n g i i s t i fo r a tu s  Z o n e  ( lat e Ber r i a s i a n ) .

between the FO o f  Percivalia  fe n es tra ta  and the FO of  
T u b o d is c u s  j u r a p e la g ic u s .  T h e  s t r a t ig r a p h ic  co n t a c t  
between Calpionel la Limestone and Palombini  Shale lies 
in the lowe s t  par t  o f  C a lc ic a la th in a  o b lo n g a ta  Z o n e  
(earliest Valanginian),  slightly above the FO  of  the zonal 
markers.  Consequent ly,  the Calpionel la Limestone ranges 
f rom the late Berr i a s i an  ( up p er  part  o f  C r e ta rh a b d u s  
angiis ti foratus  Zone)  to the earl iest  Valanginian ( lower  
part o f  the C alcica la th ina  ob longa ta  Zone) .  At Poggio 
Vitalba,  the over laying Palombini  Shale is referred to the 
Valanginian part o f  Ihe Calcicalathina oblongata  Zone.  
Moreover ,  the uppermos t  part  o f  the Palombini  Shale,  
sampled at Ch ioma,  is ascribed to the middle-upper  part 
o f  Lithraphidites bollii Zone,  which is late Hauterivian-  
early Barremian in age.

In the studied section,  the pelagic coccol i ths-bearing 
sedimentat ion  o f  the Ca lpione l l a  L imes tone took place 
wi th in  the lale Berr i a s i an .  L a te r  on,  du r i ng  the  ear ly  
Valanginian the clastic input increases and gives rise to 
the Palombini  Shale deposit ion,  which was ubiquitous in 
the whole Ligur ian-Piedmont  basin at least until the early 
Barremian.  Consequen t ly ,  in the inves t igated sector  o f  
the  L i g u r i a n - P i e d m o n t  bas in ,  the c o c c o l i t h - b e a r i n g  
s e d i m e n t a t io n  is y o u n g e r  than the  co r r e sp o n d i n g  late 
T i t o n i a n  b e g i n n i n g  o f  th e  b i o g e n i c  c a l c a r e o u s  
s e d i m e n t a t i o n  o f  the  M a i o l i c a  in T u s c a n - U m b r i a n -  
Marchean and Southern Alps paleogeographic domains.  
On the contrary,  the onset  o f  the Valanginian clastic input 
is ear l ier  in the L igur i an -P iedmont  than in the Tuscan-  
Umbrian-Marchean  and Southern Alps basins,  where it is 
represented by the late Aptian Scaglia.
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