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ABSTRACT- The uplift of the marine terrace of La Starza (Pozzuoli - South Italy) has been caleulated on the basis of ostracod assemblages.
The very swifi uplift occurred benween 8 and 4.5 kyr BP and it lifted the terrace by at least 68 m.

RIASSUNTO — [Misura del sollevamento del terrazzo marino di La Starza (Pozzuoli) per mezzo delle associazioni ad ostracodi] — Viene
calcolato il sollevamento del terrazzo marino di La Starza, avvenuto tra 8000 ¢ 4500 anni fa, sulla base delle associazioni ad ostracodi. Il calcolo,
eseguito secondo una metodica proposta recentemente dallo scrivente, indica un sollevamento massimo di oltre 60 m. Lentita del sollevamento non
é giustificabile con fenomeni eustatici, ma, in accordo con altri Autori, andrebbe attribuito a fattori vulcano-tettonici.

INTRODUCTION

Campi Flegrei is an explosive caldera created by
collapse during two major volcanic events (Text-fig.
1). This caldera was the source of two large volcanic
deposits in the Campanian plain, namely Campanian
ignimbrite 34 kyr BP. and Neapolitan yellow tuff, 11
kyr BP. Campi Flegrei has had only 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 Formarion of Neapolitan yellow
tuff, two major periods of eruptive activity occurred
in Campi Flegrei from 10 to 8 kyr BP and again from
4.5 to 3.7 kyr BP (Dvorak & Mastrolorenzo, 1991).

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

Text-fig. 1 - Location map.

separated by tephra layers erupted from Campi Flegrei.
These marine layers represent three different
transgressions of the sea that occurred from 8.4 to
abour 4 kyr BP. The position of these marine layers
tens of meters above present sea level cannot be
explained solely by ecustatic sea level changes during
the past 8 kyr, and it has been linked to bradyseismic
and volcano-tectonic movements (Cinque ez al., 1985).
The uppermost and youngest marine layer was uplifted
at least 40 m in less than 3 kyr. Most of this uplift
occurred during a long quiescent period from 8 to 4.5
kyr BP (Cinque et al., 1985; Dvorak & Mastrolorenzo,
1991).

In order to reconstruct palacobathymetries and
palacoecologic events (Amore er al., 1988a, b), two
sections were sampled along the cliff, in resorts known
as Proprieta Fusco and Proprieta Sersale (Text-fig. 3).
Both are about 40 m thick, starting from 8 m above
sea level. Foraminifera, ostracoda and molluscs
were studied. On the basis of these assemblages,
palacobathymetries were assumed to be from —10 m
to a maximum of —40, =50 m (P. Fusco). The marine
facies were rapidly replaced by continental sediments
towards the top. Moreover, the Sersale section
was slightly more proximal compared to the Fusco
section.

Ostracods have great sensitivity to environmental
factors especially to nature and grain size of the
substratum, salinity, food supply and depth. With
respect to depth, many species seem to have a restricted
ecological valence irrespective of other factors.
Accordingly, palacobathymetric 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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interval as indicated by palacoclimatic curves based
on planktonic foraminifera, calcareous nannofossils,
pteropods, pollens and 'O (Amore ez al., 2000,
Buccheri ez al., 2002; Amore et al., in press).

METHODS AND RESULTS

The method to calculate palacobathymetries was
proposed for studying upper Pleistocene-Holocene
cores from the continental shelf of the Tyrrhenian Sea
(Ciampo, 2003). The starting point was from actual
bathymetric ostracoda distribution in the
Mediterranean Sea, based principally on Bonaduce er
al. (1975) and Breman (1975), 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 f}(’:ll. 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 between the means of the sums of linear and
polynomial values is the inferred depth. After the
despatch of the article (November 2001) studies to
refine the method continued. The bathymetric
distribution of the selected species was checked again,
and more than 200 controls on actual ostracod
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Campi Flegrei geomorphologic map: 1) faults rims; 2) rerraced surface and its elevation above sea level; 3) volcanic; 4) La
Starza cliff; 5) studied sections (from Cinque er af., 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 (Tab. 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) patterns CIF distribution, which seems to give
better results. These innovations are now applie(? 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, palaecobathymetries of only four
samples for Fusco and one alone for Sersale could be
calculated. The usable samples of Fusco (521, 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 (4.8%), Loxoconcha
ovulata (13.4%), L. rbomboidea (4.3%), and
Semicytherura incongruens (32.1%). In the overlying
samples, Costa edwardsi, Cytheropteron ruggierii,
Hiltermannicythere turbida, Leptocythere ramosa,
Loxoconcha mgwgom, Sagmatocythere versicolor 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, for sample 521,
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Fig. 3 - Stratigraphic columns: A) Fusco I; B) Sersale I Legend:
1) ash: 2) silt; 3) pumice; 4) sand; 5) fossiliferous beds; 6;
roman ruins (from Amore ef al., 1988b, modified).

is between 0 and —25 m established by the percent-
ages of Cytheretta adriatica and Loxoconcha ovulata.
Thus, the percentages of the species recorded in the
sample, compared with the average of polynomial
(fourth, 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 as.l.
(sample 570) gives a depth of —47.8 m (which is the
maximum recorded depth), the sample at 17 m as.l.
(572) =25.6 m, and the sample at 18 m as.l. (573),
which precedes a negative phase of the bradyseism of
the Campi Flegrei, shows a depth of —31.5 m. At
about 21 m marine sediments are replaced by conti-
nental pumices (Text-fig. 4). The only utilisable sample

of Sersale (about 17 m a.s.l.), which is dominated by
Carinocythereis bairdi (11.3%), Cytheridea neapolitana
(27.4%) and Hiltermannicythere turbida (12.9%), gives
a calculated depth of —28.37 m.

CONCLUSIONS

Volcano-tectonic movements in the Campi Flegrei
area increased markedly between 6.75 and 4.05 kyr
BP, uplifting the most recent marine sediments up to
30 m a.s.l. (Cinque et al., 1985). Bathymetric anafysis
on the basis 0? ostracod assemblages of La Starza
marine sediments showed a very swift uplift, which
reaches a maximum of about 68 m. Sersale seems to
be slightly more proximal than Fusco.

0 -4 -8 -12 -16 -20 -24 -28 -32 -36 -40 44 48 -52

Text-fig. 4 - Bathymetric variations inferred for Fusco P.
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| order merk FO LO min. | max. min | max | % |min_lmax % |min_|max |%
Arglioecia acuminata G W Mueller 40 2 | 80 [1z70] 7 | 130 8 | 180 15 | 270
Argiloecia micra_Bonaduce, Giampo & Masol 1 | 150 [2650] 65 | 210
oecla 26| 70 | 290 6 70| 1250] 22 | 215
Bosquetina dontata (G.W Mueller) 2 0 |220] 6 60| 230| 12 70 20f 70| 150
textils Bonaduce, Ciampo & Masol 1 | s0 2 70| 330 3 | 100 3e0] 6| 120 330 8
Bythocypes spp. 170
Bythoceratina reticulala Bonaduce, Ciampo & Masoli 05 | >100
Callistocythere crispata (Brady) 1 0 10| 5 80| 120
Callistocy Ruggieri 3 0 50
Calistocythers rastifera Ruggier 15| o [ 100
Carinocythereis anfiquata (Baird) 1 o] 130 & of so] 13 ol 70
Caudites calceolatus  Costa 30
Cluthia kejji Neale 24 <250
Costa ecwards! (Roamar) 2 10 90 7 10| 70|
Cythereila avearium Baonaduce, Ciampo & Masoli [ 300 |
Cy Ruggien of 80 1 0] sof 2 Di 25
Cytheretia judea (Brady) 1 0 | 100
Gl e i 2 0] 100} 6 0] sof 30f 20/ 75
Cytherois frequens G W Mueller 1 0 | 150
Cytheropleron alatum Sars 50 1 701 750 2 90| 750
Cytherop Bonaduce, Ciampo & Masoll 05 70| s40| 1 sof a00f 3 | 190
[2 n garg Bonaduce, Clampo & Masol 1 130] s40] 2 150] 330] 3 | 1so] 31s] 7| 1s0| 260
Cytherpe . Ciampo & Masali 1 60| 740 4 70| 230
Cytheropteron vespertilio (Reuss) 600] 1 60| 700[ 2 60| 260
Eucythers curla Ruggieri 1 | 50 | 220
Eucythere pubera Bonaduce, Giampa & Masoli os | 110 | 750
Hemicytherura videns (G W. Mueller) >1 %0
Henryhowella sarsi (G.W. Mueller) 2 70| 740{ 16 80| 260
Hih turdkia_(G.W Muelier) 2 o 10| s ol sol 10 o’ 3s
Krithe caudala Breman 200
Krithe praetexta (Sars) 2 30 | 180
Leptocythere hacescol (Rome) 2 0] 110f 3 0 70 10 10| 60
Laptocythere levis (G.W. Muelier) >1 %0
Laplocythore mmosa_(Rome) 1 0 || 2 of 90
| order markers FOl LO| % | min. | max % _min _|max % |min _|max |%
Loxoconcha ovulata (Costa) 125{ 1 0| 120] 4 ol sof 10 o 25
Loxoconcha rhomboidea  (Fischer) 125 1 0 100
Loxoconcha subrugosa Ruggien o] 1s0] 1 0 125 11 0] 100
L ha turbida G W.Mueller 1 of 8| 5 of ss| 1w o 30
L hidea minima , Clampo & Masoli 2 | %0 3 110
M it Sissingh 1 | 7 | 7s0| 2 | o )30 8 | 190 220
[0 ina obiitaBonaduce, Ciampo & Masoll 70
Neocytheridois fasciata (Brady & Robertson) 1 0 | 70
Neocy i (Brady Crosskey & Robertson) 50,
[; M Spp. 2 150
P gway (B , Ciampo & Masoll) 02 | 150 | 240 [ 06 | 160 600
Padicythere phryne Bonaduce, Ciampo & Masol 0,5 | >150 2 200
f th fata Bonad Ciampo & Masoli 03 | 200
|Potycope demuiten Sissingh 1000 3 90| 700
Polycope frequens G \W. Mueller 1 110] 1000] & 170{ 1000
Polycope orbuliniformis Breman 2z | 210
Polycope pa Bonad Ciampo & Masoli 2 100 | 1250
Polycope reticulata G:W. Mualler 70| 1250] 1 80] 700f s 130 00| 7 150 _399.,'
Polycope vasflensis Sissingh 60| 23s0| 1 80| 1000 4 105] 1000] 14 | 200
Polycopsis q Bonaduce, Clampo & Masoll 70 1 | 160 [ 1000] 3 220
Ponlocythere turbida (G.W. Mueller) 2 0 | 120 30 o] sof
¥ Y amata Bonaduce, Masoll, Pugliese & Mckenrie 15 180
Pseudocyth Sars 20| 1200] 1 80 4 i120] 220
Plorygocythorois jonesl_(Baird) ] v |10 23] 7 | o 1
Ploryg s shelter] Athersuch 1 10] 200 s 50| 125
Rectobuntonia miranda Bonaduce, Ciampo & Masoli 02 |>110
| Sagmatocythere versicolor (G.W. Mueller) 2 of 195] 5 10f 120f 10| 10] 110
| Semicytherura incongruens { G W. Muelier) 2 o] 19s] 6] of 110 20| o 30
Semkcytherura ruggieri Pucei 2 | 20 | 115 |
Semicytherura sulcata G W Mueller 1 o | 8o | 3 nI aol
Typhiocythere ruggieri Cmmpo & Masoli 05 | > 100
Tab. 1 - rable of first order markers: FO absolute first occurrence, LO absolute last occurrence, % = per cent value of an actual species in the

Mediterranean Sea which corresponds a min. and a max. bathymerry.
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P. Fuscolsamples 517] s18] 519 szol 521 s70] 572 5?:1|
m above sea level 12] 13| 13] 15| 1s| 6] 17] 18
Agiicecia minor 03| 03
Aurila convexa 13

Bythocythere " minima 05

Calistocythere Navidofusca 2,7 05] 2.7
Calistocythere ittoralis Oél D‘.'!r
Callistocythere lobiancol 05

| Caliistocythere paliida 0.2
| Calistocythere sp. 03
Carinoc: 5 ta 32 1,1] 0.7
Carinocytherels 05 5] 26| 58]
Costa edwardsi o 26]* 79| 18] 58
Cytheretia adriatica 37

| Cytherstta judea 13" 48 2.7
| Cytheridoa neapolitana z 39 221 03] 73
Citherois sp. 23] 16} 7.8
[ variasbilis 07| 03] 03]
| Cytheromorpha nana 03
Cytheropleron rotundatum 07 7.3 6
Eucythere curta 1,3

Euc: A alata 0.2
Eucythenim gibbers 03
| Homlcytherura deflorel 03|
| Homicytherura videns

Hiltermannicythers turtida 05| 22| 47| 69
| Laplocythers levie 02
| Lepfocythere maceita 64 21] 13
| Loplocythers rmosa 05] 10] 24| 18
| Loplocythere am

Loxocauda decipiens 03] 03
L eubea 1.2
Loxoconche gibberosa 12
Loxoconche ovulata . 12 13 05
Loxoconche rhomboidea 43| 22| 11| 08
Loxoconche steilfera

Loxoconche subrugosa 29| 26 2
Loxoconche turbida 13 0,2
| Microcythere vira os] o7 o3| 03
Neocythendets complicata 03

| Neocytheridels subspiratis 2.7

Paracythendea depressa 05|

| Paracytheridea sp. 03
Paradoxostoma atrum 07
Paradoxostoma fi
Tab. 2 - distribution of ostracoda in Fusco I

It is difficult to verify the accuracy of the inferred
depths. The similarity of the curves among ostracods,
foraminifera, calcareous nannofossils, preropods, pol-
len and 8"°0 is a qualitative indication. But, if we
consider the sea level to be stable in the last 6 kyr, it is
possible to have a quantitative indication. From 6 to
0 kyr BP, 28 samples are available from different cores;
mean absolute error (absolute numbers, without +/-)
is 1.48 m (of course the number of available samples
is not yet sufficient). Excluding core C9 (10 samples
from the Gulf of Gaeta), which has been greatly dis-
turbed mainly by anoxic conditions, the mean error is
0.83 m. Prior to these innovations the mean error was
about 5 m.

| Parack a incongruens 07| 03]

| Paradoxostoma 07

| Polycope reficulaia 0,7

| Pontocythers turbida - 05 03] 02
| Procyth retifera 05 07
| Propontocypris pirfera 22

| Propontocypris solida 07] os| 07
| Pseudopsammocythers similis 28] 68] 31
 Piherygocythersis jones - 28] |os 03| 05
| Ptherygocythereis siveter 23] 1.7
Rectobunionia subulata 7] 13] 18
Sahania subulata 07, 02
Sclerochius t 03
| Sagmatocythere napollana 07 03] 07
| Sagmatocythere versicolor 29| 23] 43
Semicytherura acuta 14 03] 03
Semicy acuticostala 1,6 05| 1.7
Sermnicyth alifera 11

Smr costata 1.1

| Somicytherura dispar o7f 03] 02
Semic, s v 74" 32| 64] 05| 83
| Semicytherura meciite 1,2
| Semicythenira paradoxa 0,2
Semicytherura punctata 4.1' 03

| Somicytherura quadridentata 05| 29| 05
Semicytherura rara 0, 1
| Semicytherura stata 07 |

| Somicythrura ruggieri 5.7 1.3:|:0-5
Semic sulcata 32| 14| 03

| Xestolaberis communis 1,1

Xestoleberts dispar A 05| 22 05
Xestoleberts fuscomaculata 03
Xestoleberis plana 1.1

| Semicytherura spp. 57| 18| 56| 12
N*of speci 9] 10| 76| 10| 187| 140| 385| 606
Bathymetric interval:

min. o] 20 10
max 25{ 70| 70| 50
Bath. from polynomial 4or. 92| so| 3o 29
| Bath. from polynomial Gor. 12| 46| 21| 34
Bathymetry 11 EI 26| 32
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Tab. 3 - distribution of ostracoda in Sersale I
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