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ABSTRACT- The upltfi of the marine terrace of La Starza (Pozzuoli - South fnQ has beet

The uery t*tfi "pltft occiried between 8 and 4.5 kyr BP and it lified tlte terrace by at least 68 r

RIASSUIITO - [Misura del sollevamento del terrazzo marino di La Starza (Pozzuoli) per

calcolato il solleua*tito del terraz,zo marino di La Starza, auuenuto tra 8000 e 4500 anni fo, t"

eseguito secondo una metodica pruPosta recentemente dallo scriuente, indica un solleuamenti mAss,

A fi"ttlJicabile con fenomeni eustitici, Tltrt, in accordo con alni Autori, andrebbe anribuin a fan

Terrace

INTRODUCTION

Campi Flegrei is an explosive caldera created by
collapse 

-during 
rwo major volcanic events (Text-fig.

1). This caldera was the source of rwo large volcanic
deposits in the Campanian plain, namely Campanian
ignimbrite 34 kyr BB and Neapglitan yellow tr'tff, 11
liyr BP. CaTpi,Flegrei \t-t Jttd o{y one small historical
eruption, which formed Monte Nuovo in 1538. About
one-third of Campi Flegrei is below sea level, forming
Pozzuoli Bay. Since the formation of Neapolitan yellow
tuff, rwo major periods of eruptive activiry occurred
in Campi Flegrei-from 10 to 8 kyt BP and again from
4.5 to 3.7 kyr BP (Dvorak S{ Mastrolorenzo, 1991).

The marine terrace of La Starza (Text-fig. 2) is
parallel to the northern coastline of Pozzuoli Bay ftgq
Monte Nuovo to Pozzuoli. It is bounded by a seacliff
from 25 to more than 40 m above mean sea level.
Exposed in th is  sect ion are three mar ine layers

separated by tephra layers erupted from CamPi Flegrei.
These mar in t  layers  represent  th ree  d i f fe ren t
transgressions of the sea that occurred from 8.4 to
aboui 4 kyt BP. The position of these marine layers
tens of meters above present sea level cannot be
explained solely by eustatic sea level changes during
thi past 8 kyt, and it has been linked to bradyseismic
and volcano-tectonic movements (Cinque et al., 1985).
The uppermost and youngest marine layer ryas uplifted
ar leasl- 40 m in less than 3 kyt. Most of this uplifr
occurred duri.g a long quiescent period from 8 to 4.5
kyr BP (Cinque et al., 1985; Dvorak & Mastrolorenzo,
1 9 9  l ) .

In order to reconstruct palaeobathymetries and
palaeoecologic events (Amore et al., 1988a, b), rwo
sections were sampled along the cliff, in resorts known
as Proprietl Fusco and Proprietl Sersale (Text-fig. 3).
Both ire about 40 m thick, starting from 8 m above
sea leve l .  Foramin i fe ra ,  os t racoda and mol luscs
were studied. On the basis of these assemblages,
palaeobathymetries were assumed to be from -10 m
to a maxrmum of 40, -50 m (P. Fusco). The marine
facies were rapidly replaced by continental sediments
towards the top.  Moreover,  the Sersale sect ion
was. slightly more proximal compared to the Fusco
sectron.

Ostracods have great sensitiviry to environmental
factors especially to nature and grain size of the
substratum, salinity, food supply and depth. tVith

respect to depth, many species seem to have a restricted
ecological  va lence i r respect ive of  other  factors.
Accordingly, p.alaeobathymetr ic curves based on
quantitative analysis of ostracod assemblages have been
constructed from cores drilled on the Tyrrhenian shelf,,
late Pleistocene-Holocene in age (Ciampo, 2003).
These curves reflect the climatic events of this time
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Text-fig. 2

interval as indicated by palaeoclimatic curves based
on planktonic foraminifera, calcareous nannofossils,
preropods, pollens and E'tO (Amore et al., 2000,
Buccheri et al., 2002; Amo re et al., in press).

METHODS AND RESULTS

The method to calculate palaeobathymetries was
proposed for studying upper Pleistocene-Holocene
cores from the continental shelf of the Tyrrhenian Sea
(Ciampo, 2003). The starting point was from actual
ba thyme t r i c  os t racoda  d i s t r i bu t i on  i n  t he
Mediterranean Sea, based principally on Bonaduce et
al. (197 5) and Breman (l 97 5), where quantitative data
are available, but also on the abundant literature in
this regard. Selected species (widely cited species with
a comparable depth range) were chosen in order to
bound bathymetric intervals in which each sample of
the cores fel l .  Then, to calculate the depth, the
percentage of each species in the core samples was
compared with linear and polynomial (second order)
percentages of the same species currently living in the
Mediterranean Sea, within the bounded intervals. The
average berween the means of the sums of linear and
polynomial values is the inferred depth. After the
despatch of the article (November 2001) studies to
ref ine the method cont inued.  The bathymetr ic
distribution of the selected species was checked again,
and more than 200 controls on actual ostracod

G. CIAMPO

Campi Flegrei geomorphologic map: I ) faults rims; 2) terraced surface and its elevation abo
Starza cliff; 5) studied sections (from Cinque et al., 1988, modified).

assemblages were carried out using different param-
eters. Thus a more detailed table (table of first order
markers) to determine the bathymetric interval of fos-
sil samples was obtained (ll"b. 1). Furthermore, the
linear distribution of bathymetric range of species
proved to give extreme results. Thus the method was
modified by using the polynomial (fourth and sixth
order) pafterns of distribution, which seems to give
better results. These innovations are now applied to
the ostracod assemblages recorded in the La Starza
section.

The ostracod assemblages of the Sersale section are
usually poor and carapaces are often decalcified. The
assemblages from the Fusco section are more abundant
and better preserved. As the method requires at least
100 specimens,  palaeobathymetr ies of  only  four
samples for Fusco and one alone for Sersale could be
calculated. The usable samples of Fusco (52t, 570,
572, 573) were taken berween 15 and 18 m above sea
level. The assemblage at altitude 15 m (Sample 521)
is dominated by Cytheretta judea (4.8o/o), Loxoconclta
ouulata (  I  3  .4o/o) ,  L .  rhomboidea (4.3o/o)  ,  and
Semicytlterura incongruens (3Z.Io/o). In the overlying
samples, Costa edwardsi, Cytheropteron ruggierii,
HiltermAnnicythere turbida, Ltptocythere rAmosA,
Loxoconcha subrugosa, Sagmatorythere uersico lor increase,
while the species abundant in the first sample show a
sharp decrease. From the table of first order markers,
the depth interval of sedimentation, fot sample 521,
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of Sersale (about 17 m a.s.l.), which is dominated by
Carinocythereis bairdi (11.3%), Cytheridea neapolitana
(27 .4o/o) and Hihermannicyrhere turbida (I2.9o/o), gives
a calculated depth of -28.37 m.

CONCLUSIONS

Volcano-tectonic movements in the Campi Flegrei
area increased markedly berween 6.75 and 4.05 kyr
BB uplifting the most recent marine sediments up to
30 m-a.s.l. (Cinque et al., 1985). Bathymetric analysis
on the basis of ostracod assemblages of La Starza
marine sediments showed a very swift uplift, which
reaches a morimum of about 68 m. Sersale seems to
be slightly more proximal than Fusco.
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Fig. 3 - Stratigraphic columns: A) Fusco P.; B) Sersale P. Legend:

l*'*',H I i fl | nm:',?,;Tf','/,f;l'llTim beds ; 6 ;

is berween 0 and -25 m established by the percent-
ap€s of Cytheretta adriatica and Loxoconcha ouulata.
fh,m, the percentages of the species recorded in the
sample, compared 

-with 
the average of polynomial

(fouith, sixth- order) patterns of the current distribu-
tion of the species in the Mediterranean Sea, gives a
depth of -10.5 m. Thus, the sample at 16 m a.s.l.
(sample 570) giv5s,.,d.p,,! of 47.8 m (which is the
macmum recorded depth), the sample at 17 m a.s.l.
(5lZ) -25.6 m, and the sample at 18 m a.s.l. (573),
which precedes a negative phase of the bradyseism of
the C*pi Flegrei, shows a depth of -31.5 m. At
about 2I- m mirine sediments are replaced by conti-
nental pumices (Text-fig. 4). The only utilisable sample Text-fig. 4 - Bathymetric variations inferred for Fusco P.
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I order rnarkers FC LO % mtn. rBx. % min ITEX % nTn rB)( % tfln nnx %

Arglbecta ntn*nta G.W.Muelbr 40 2 q) 1170 7 130 E 180 1 5 270

Arylhia n*;l.a Bonaduce, Chnpo A MasoL 1 150 2650 6.5 210

lrui&plclaw. 2 , 6 70 2go 6 70 1zfi 22 215

Aosryetaa &ntab (G.W.Mueller) 2 30 230 6 60 2U 12 70 20 70 lgt

Buntonla bldls Bonadue, Chmpo & iiasoli 1 50 2 70 330 3 100 360 6 l n :xxt

Br|flm�lryisspq. 170

Bythmntlna rcthilata Bonadum, Chmpo & lttasoli 0.5 >100

Calfs@we cilqr,ta (Brady) 1 0 190 5 60 120

Callh@ythere lntta�ffiles Ruggieri 3 0 50

C alf,stwmyflrlrc rasttqa R ugg bri 1.5 0 1m
Cafiwytheab antlguata (Beid) 1 0 130 6 0 80 1 3 0 70

Gaucftbs car@oratus Cosla 30
qffihftefi l,leale 2.4 <250

Coslla edwaftht (Roenpr) 2 1 0 90 7 t 0 70

Cytherefe alvexnium Bonaduce, Cbmpo & Masoli 1 3m
Cythe,etta dtuM Ruggieri 60 1 50 2 25
Cytrlrenantctu (Brady) 1 0 100

Cyttwklec rcaoofblnd Kollmann 2 100 6 80 30 20 75

Cyttlrltob lleflrens G,W.Muele r 1 0 150

Cytlteltorferurablum Sars 50 1 70 750 2 $ 750

Cytlnrofimr h*tltlanm Bonaduce, Cbmpo & Masol, 0.5 70 540 1 80 3m 3 190

Cyt plo@w- gerganF.tm Bonaduce, Chmpo & Masof, I 130 540 2 150 ixx) 3 150 315 7 180 2dl

Cyttp@rcrl. ttgtoc€tos Ebnduce, Ghmpo & Masoli 1 50 7$ 4 7A 2

Cytnenptemrcqpe/0tl, (Reuss) 6m 1 60 7m 2 60 260

Ercytlpnarta Ruggied 1 50 220

Eug/l/rrHalrrle p0rra Bonaduoe, ChrPo & Masofi 0.5 1 1 0 750

Henffirwun vtrns (G.W. Mueller) > 1 90

l#trtyrulwete sarv (G.W. Muelbr) 2 70 74 16 80 260

Hiltetmannlqt lrte tudcta (G.W.M uelbr) 2 0 100 6 0 50 10 "A

,<ttlrc antdglta Breman zfi

rcfip'e ptaefta,xta (Sars) 2 30 160

Lgpf.ocyitrreDa6$o, (Rore) 2 0 1 1 3 0 70 10 10 60

Leptorytlerc bvrs (G.W. Muelbr) 1 90

Lefucyfienlartnsa (Rome) 1 0 125 2 0 90

lorder rmrkers FO LO % min. nru. % mfn nEx % min nEx %

Loxwndn owlata /Costa, 125 1 0 120 4 0 60 1 0 25

Loxrolndra firor.:t ffiba (Fischer) 125 1 0 100

Loxolndra suDrugosa Ruggieri 0 150 1 0 125 1 1 1m
Loxcprndtp tut*b G.W-ttluefler 1 0 E5 5 65 10 30

Loxoolttdrkfn rlntm Bonaduce, Obrnpo & Masoli 2 90 9 1 1

t/otrrcltultfne nrffienanea (Sissitgh) 1 70 75() 2 70 ilx) E 190 220

tlotrrocllaltfl,a oblb Bonaduce. Cbmpo & Masoff 70

lrJreal@ddels /ascbb (Brady & Robertson) 1 0 70

lVrrr;/lrlt &Est0ryrans (Brady,Crc*ey & Robedsott) 50

Pffitffirg�wp. 2 1g)

Pantrernfngvvaryelb tottaptamn (Bomdue, Ciampo & Mcoli) o2 150 20 0.6 160 fln

fucttc1lhelo phryrc Bonadue, Ciarpo & ileasoli 0.5 >150 2 26

Ped/lcyt?€/tp lesslala Bonadue, Cbmpo & tuesoli 0.3 26

ruycop drmukbrt Sissingh 1q)0 3 90 7m
fulycq tr4nns G.W. Mueller 1 1 1 1m0 5 170 10m

fuhrppe otbulht llolmee B'plnnn 2 210

WPclyrcW pwat*rtlata Bonadue, Cbnpo E Masoli 2 100 nn
Wry ptlailata G:W. Mueller 70 1zfi 1 80 7m 5 130 sfi 7 150 m
Wyoopvasrlbasb Sksingh 60 2350 1 80 1(m 4 1(F 1m0 1 4 zfi

furlcqpsb rya&*ir,ntalb Bonadue, Cbmpo & Masoli 70 1 160 1(m 3 220

rut@tws tur0tta (G.W. Mueller) 2 0 120 30 50

P*tt(fryttelo armab Ebnadtre, Masroli, Puglin€ e ft/lc{tenzb 1 . 5 1EO

Psrl.tctrcythelre�cau@tb Sals 20 12m 1 60 4 120 220

Ptsrl7pyffiJote$ (Beid) 1 1 0 2T 7 4 1:Xl

furygoc@rcE silelb/t Alhersucft 1 1 0 200 5 60 125

Rectbbunfonla mllulndn Bonaduce, Chnpo t Masoli 0.2 1 1 0

sagrflabc,fio|e uilsboltr (G.w. Mueller) 2 0 195 5 1 120 10 1 0 1 1

Semtcyllwun hanryrwns f G.W. Mrcler) 2 0 19s 6 0 1 1 0 20 0 30

Sembythqm ruggbtli Pucci 2 20 175

Semlcyllnrun suba&a G.W.Mudbr 1 0 80 3 0 30

fphrm@re ruggHfi Bonadue, Cbmpo & llesoli 0.5 > 100

Thb. I - table of first order markers: FO absolute first occurrence, LO absolute last occurrenc
Mediterranean Sea which corresponds a min. and a max. bathymetry.



P. Fusodsarpbs 517 518 519 5n s21 570 572 573
m above sea hvel 12 1 3 1 3 1 5 1 5 16 1 7 1E

Aalfmmmmmm�'h ntnq 0.3 0.3
Audla oot wxa 1.3
Eutlrcvtlple' ntnfrtle, 0.5
C a lf$octtttwe tl avlclolUw 2.7 0.5 2.7
Catlhfpp.villpr.e lttorzllk, 0.5 0.3
Calfstocyfilcre,ffin@l 0.5
Caltstmythere pg,lffi o2
Calflsbcttfierc sP. 0.3

32 1 . 1 0.7
Carfrtor.vtteleb Mtdi 0.5 5 2.6 5.6
Cosb edmdg' 2.6 7.9 1 6 5.8

Cvthoretca *kffia 3.7
CrtrrercttaAxte€� 1 . 3 4.8 2.7
Cvtprkfg rcaw&'fana 3.9 2.2 0,3 7.3
Cilheo*s sp. 23 1 6 7,8
Cvtherror�.rn vadasblfs 0.7 0.3 0.3
Cytlplllo,npmha nana 0.3

Cvttwog&rot ntun&tum o.7 7.3 6

Ettcvtllrlte qrE 1.3
Ercvtlprun ahl/Fr o,2
Ercytlprulaob0cln 0.3
t/eln/rlld�wulacFllbrpl 0.3
l#mlcyfiqura d&ns

0.5 2,2 4.7 6.9
teobcvlDete brds o2
Lffiytlrre nncplle 6.4 2.1 1.3

Leptocvclnere ranosa 0.5 10 24 1 8

Lqtrcytlwet'z,n

Loxora,ue' &chbns 0.3 0.3
1.2

Loxwndte o&Demsa 1-2
Loxom'ttdp owlah 12 13 0.5

4 22 1 . 1 0.8
Loxo,nd.r� stettren
Loxm,nd?''� suDnlodta 2.9 2,6 2
to,xoelndpturblde, 1 .3 0,2
Nicrcrydlercvfra 0.5 o.7 0.3 0.3

0.3
^boclfierffib suDqdralts 2

0.5
Parrcyl/r�eftle€� sp. 0.3

0.7
Patffitosfionnfitsrl.nt

Tab. 2 - distribution of ostracoda in Fusco P.

It is difficult to veri$' the accuracy of the inferred
depths. The similariry of the curves among osrracods,
foraminifera, calcareous nannofossils, pteropods, pol-
len and EttO is a qualitative indicatior. But, if we
consider the sea level to be stable in the last 6 Wr, it is
possible to have a quantitative indication. From 6 ro
0 Lyt BB 28 samples are available from different cores;
mean absolute error (absolute numbers, without +l-)
is I.48 m (of course the number of available samples
is not yet sufficient). Excludirg core C9 (10 samples
from the Gulf of Gaeta), which has been greatly 

^dir-

turbed mainly by anoxic conditions, the mean error is
0.83 m. Prior to these innovations the mean error was
about 5 m.

r27
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0.7 0.3
Parab.msbnn b€/sbolrr o.7
fulvcploprcttrt/grF' 0.7
futrforcltprcfiuffi 0,5 0.3 o,2
Plrcrtlhertrb rctfielal 0.5 o.7
Prwntrc.ypr�|splGltt' 2.2
Prwttffivpts sdfCa 0,7 0.5 o,7

2,9 6.8 3.1

2.6 0.5 0.3 0,5
2.3 1 . 7

Rectoo'tn1onb srtrttb'la o.7 1.3 1 . E

Saftanta subulata o.7 0,2
ScbraDdus wrffius 0.3

0.7 0.3 0.7
2.9 2.3 4,3

Sgrrrtrdrlrurarcuta 1 0.3 0.3
Serrlr.vilprura acufbosbta 1 .6 0.5 1 . 7
Sembvfierula eltela 1 . 1

Sembvtterun oos0ala 1 . 1

Semby|/neruracflw o.7 0.3 o.2
&mbvfierun hornni'plns 74 32 6.4 0.5 6.3
Serzrbvfllertm nqf,tenaneg, 1 . 2

Serrtbvdwura ogita&'xa o.2
ftmbYfierun pmdata 4.3 0.3
funbvfieruta ouadlrl*lnblte 0.5 2,9 0.5
Sqnicvltlplrun ran 0.5 1.2
funbvfherula rareostata 0.7
Sprnirtwuta rumts,fli 5.7 1 .3 0.5
Setnbytlwun subab 32 1,4 0.3
)Gsllafebsls olrnunk 1

XesteleDe6 Mr 0.5 2.2 0.5
Xesbfiabeft fug;qtwuhb, 0.3
Xesbbffi psna 1 . 1

Sqnbytlwun sw. 57 18 5.6 12

N'of specforpns 9 10 76 10 187 14 385 m6

Bathvmetic interval:
mrn. 0 20 10 0
max 25 70 70 50

Bath. from polynomial 4or. 9.2 50 30 29
Bath. from polvnomial 6or. 12 46 21 u
Bafivmeby 1 1 I 26 32
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C at I i stocyth ere fl avi dofu sc a 0,8

Cal I i stocyth ere toil lgYlcsa
C al I i stocyth ere I itto ral i s

C al I i stocyth ere I o b i an coi 0,8

Cai n ocythereis antiq u ata

Cari n ocytherei s b airdi 4,8

Cosfa edwardsi 19,4

Cytheridea neapolitana 15 ,3

CytheromorPha nanq

Cvth eropte ron rotu nd atu m 0,8

Eucythere curta

Hemicytherura defiorei

H i lterm an n icYth ere tu rb id a 7,3

Leptocythere levis 0,8

Leptocythere ramosa 6,5

Loxoconcha rhomboidea 0,8

Loxoconcha sP.

Loxoconcha ovulata 3,2

Microcythere vitrea 0,8

Neocytheideis aff. vricae 0,8

Paracytheridea

Paracytheridea sP.

Pontocythere turbida

Pseu do psam m oc4tDg re ji m ili s 4,8

Pteryg ocytherei s elYete!!

Rectob untonia sub ulata 4

S ag m atocyth e re ve rsi coP1 0,8

Semicytherura alifela 0,8

Semicythe rura i ncon g ruens 1 6 , 1

Semicytherura ru ggieri i 4

Semicytherura sulcata 1 , 6

lJ rocythereis m argaitife ra

Xesfolebens disPar 6,5

Semicytherura sPP, 72,5

N" of specimens 124

Bathynmefric interval:

mln 1 0

max 50

Bath. from polyno11le!-1ord- 28,3

Bath. fiom PolYnomial 6ord. 28,4

Bathymetry 28,3
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