
Radiolarians from the cyclic Messinian 
diatomites of Falconara (Sicily, Italy) 

Giuseppe CORTESE 
Depar tment of Earth Sciences, Universi ty of Florence 

Via La Pira, 4 , 50121 Florence (Italy) 

Al fred Wegener Institut for Polar and Marine Research 

Columbusst rasse, P.O. Box 120161 , 27515 Bremerhaven (Germany) 

gcortese @ awi -bremerhaven.de 

Kjell R. BJ0RKLUND 
Paleontological Museum, Universi ty of Oslo 

Sars 'gate, 1, 0562 Oslo 5 (Norway) 

k.r .b jork lund@toyen.uio.no 

KEYWORDS 
Radiolaria, 

Miocene, 
Italy, 

cicliciry. 

Cortese G. & Bjorklund K. R. 1999. — Radiolarians from the cyclic Messinian diatomites of 
Falconara (Sicily, Italy), In De Wever P. & Caulet J.-P. (eds), InterRad VIII, Paris/Bierville 8-
13 septembre 1997, Geodiversitas 21 (4 ) : 593-624 . 

ABSTRACT 
The diatomitic sediments in Falconara (6.93 to 6.08 Ma) have a total thick­
ness of c. 27 m, and the sequence is composed of 41 diatomite/claystone 
couplets. The deposition of these biosiliceous sediments, seemingly modula­
ted by the astronomical precession cycle (21,000 years period), has been sug­
gested to have taken place in a shallow basin with diatomaceous and 
claystone sediments being deposited during low and high sea level stands, 
respectively. Polycystine radiolarians show major changes in the assemblage 
compositions and the total abundances between the different cycles, from 
being barren in Cycle 2 till > 142,000 radiolarians/g in Cycle 26. 
Radiolarians are usually not present in the claystone samples, this is also the 
case with diatoms. However, one claystone (S11) had a significant high 
number, > 43,000 radiolarians/g sediment, while nine others had a low 
content of radiolarians. We have in our counts recognised 68 morphotypes. 
Q-Mode Factor analysis has been used on the raw counting data. By using 
five factors, we were able to explain 83.65% of the cumulative variance, 
while using nine factors allowed us to explain 96.52% of the variance. These 
nine factors displayed well-defined peaks that can be used to navigate within 
the profile and to correlate between sections. Another high resolution strati-
graphical tool could be represented by the peculiar faunal composition of 
each of the diatomites. In our pilot study we selected three diatomites and 
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compared their assemblage composition and radiolarian abundances. 
Cycle 11 is dominated by Stichocorys delmontensis and Lithomitra lineata, 

c. 50 and 36% maximum values respectively. In Cycle 21, S. delmontensis 

and Botryostrobus aurituslaustralis are most common, with 40 and 30% as 
maximum values respectively. In both these cycles nassellarians are the domi­
nant group. In Cycle 26 Larcoidea sp., Porodiscus sp., and Spongotrochus gla-

cialis are the dominant taxa. 

MOTS CLÉS 
Radiolaires, 

Miocène, 
Italie, 

périodicité. 

RÉSUMÉ 
Radiolaires des sédiments messiniens à diatomées de Falconara (Sicile, Italie). 
Les sédiments à diatomées de Falconara (âgés de 6,93 à 6,08 millions 
d'années) ont une épaisseur totale d'environ 27 m. La séquence est composée 
de 41 paires diatomite/argile. Le dépôt de ces sédiments biosiliceux est appa­
remment modulé par le cycle de précession astronomique (avec une période 
de 21000 ans) et semble avoir eu lieu dans un bassin peu profond; les sédi­
ments à diatomées et argileux correspondent respectivement à des périodes 
de bas et haut niveau marin. La composition des assemblages à radiolaires 
polycystines et l'abondance de ceux-ci varient beaucoup d'un cycle à l'autre, 
d'absent dans le cycle 2 jusqu'à plus de 142000 radiolaires/g dans le cycle 26. 
Les radiolaires, ainsi que les diatomées, sont généralement absents des échan­
tillons argileux. Cependant, une argile (S 11 ) a une concentration élevée 
(> 43000 radiolaires/g) et neuf autres ont une faible concentration. Nous 
avons compté 68 morphotypes. Les données brutes ont été soumises à une 
analyse factorielle en mode Q. Avec cinq facteurs, nous pouvons expliquer 
83,65 % de la variance cumulée, tandis que neuf facteurs sont nécessaires 
pour rendre compte de 96,52 % de cette variance. Ces neufs facteurs mon­
trent des maximums bien définis qui peuvent être utilisés pour naviguer le 
long du profil et pour corréler les différentes coupes. Une autre méthode per­
mettant une bonne résolution stratigraphique pourrait être fondée sur la 
faune particulière à chacune de ces diatomites. Dans une étude pilote, nous 
avons choisi trois diatomites et nous avons comparé la composition de leurs 
assemblages et leur abondance en radiolaires. Le cycle 11 est dominé par 
Stichocorys delmontensis et Lithomitra lineata, avec des maximum à environ 
50 % et 36 % respectivement. Dans le cycle 21, 5. delmontensis et Botryo­
strobus aurituslaustralis sont les plus communs, avec des maximum à environ 
40 % et 30 % respectivement. Pour ces deux cycles, les nassellaires forment 
le groupe dominant. Dans le cycle 26, Larcoidea sp., Porodiscus sp., et 
Spongotrochus glacialis sont les taxons dominants. 

INTRODUCTION 

The biogenic siliceous sediments of Sicily have 

been known for almost 125 years . Ehrenberg 

(1854) and Mottura (1871) reported on radiola-

rians from the Sicilian Neogene, while Sauvage 

(1873) described, in fairly good detail, foliated, 

radiolarian bearing shale outcrops near Licata 

(Fig. 1). He assigned a Messinian-Zanclean age 

to t hem. Stohr ( 1 8 7 6 , 1 8 7 8 ) and Schwage r 

(1878) studied Tortonian and Zanclean diato­

mi tes and tuffs c o n t a i n i n g r ich r a d i o l a r i a n 

assemblages. Nicotra (1882) examined Tortonian 

diatomites containing radiolarians near Messina. 
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FIG. 1 . — Location map, showing the geographical position of the Falconara Section. The shaded area represents the Caltanissetta 
Basin, while the solid line depicts the paleo-shore line. Modified from Gautier ( 1 9 9 4 ) . 

Cocco (1905) did the same with different litho-
logies (marls, tuffs, diatomites) outcropping at 
several Sicilian localities. 
Several cruises of the Deep Sea Drilling Project 
(DSDP) and of the Ocean Dr i l l ing Program 
(ODP) have taken place in the Mediterranean 
Sea: DSDP Legs 13, 42 , ODP Legs 107, 160 
and 1 6 1 , and biogenic opal bearing localit ies 
from the former Tethys Sea area have been repor­
ted on by several authors as: Sanfilippo (1971 , 
1974), Sanfilippo etal. (1973) , Rio etal. (1989) . 
All these authors failed to apply the standard 
radiolarian biostratigraphic scheme for tropical 
latitudes, or to establish a local one. 
Biogenic opal is generally not well preserved in 
the Neogene sediments of the Mediterranean Sea 
(Dumitrica 1973; Riedel etal. 1985). The latter 
authors report on only eight deep-sea localities in 
the Mediterranean Sea where siliceous remains 
are present in isolated levels. Moreover, at several 
of these localities the radiolarians are scarce or 
present in only a few of the samples. Further­
more, the species that are used in the standard 
low lat i tude stratigraphical radiolarian scheme 
are found in low numbers and are often morpho­

logically different from the true oceanic ones. 
Messinian siliceous diatomitic oozes outcrop at 
many localities in the Caltanissetta Basin, Sicily. 
These sediments yield abundant and diversified 
radiolarian faunas, thus having a potential for the 
compilation of a new local radiolarian stratigra­
phy based on acme zones and peak occurrences, 
t h rough ca l ib ra t ions w i t h other microfossi l 
groups. As we could not apply the standard low 
latitude biostratigraphical radiolarian scheme to 
the Falconara Section, we used Q-mode factor 
analysis to facilitate faunal comparisons between 
samples as an alternative tool for correlation. 
This allows us to recognise, through time, diffe­
rent associations being indicative of specific eco­
logical settings (i .e. peak occurrences), events 
that later may be used as a correlation tool both 
within the Falconara Section and between othet 
sections in the Caltanissetta Basin. 
Hilgen & Krijgsman (1999) stress the uncertain­
ty and controversy about both the age of the 
Tripoli Formation and the origin of the cyclic 
bedding (Gautier et al. 1993; Butler etal. 1995; 
McClelland etal. 1996; Sprovieri etal. 1996; Vai 
1997). They also summarise the following scena-
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FIG. 2. — Correlation between Sprovieri era/ . (1996) field-log for the Falconara Section, the polarity time-scale and the variations of 
the Cp/Rp (the two nannofossi l species Coccolithus pelagicus and Reticulofenestra pseudoumbilicus) ratio at ODP Site 552. 
Selected bio-markers are also shown. Modified from Sprovieri etal. (1996). 

rios to explain the cyclic diatomite formation as a 
result of: (1 ) the in tens i f i ca t ion of A t l an t i c 
inflow due to glacio-eustatic sea-level changes 
(Van der Zwaan & Gudjonsson 1986); (2) perio­
dic upwel l ings (Gersonde 1 9 8 0 ) ; (3) surface 
water warming (Broquer et al. 1981); (4) increa­
sed con t inen ta l run-off ( M e u l e n k a m p et al. 
1979); (5) global sea-level rise in combination 
w i t h e n h a n c e d u p w e l l i n g ( M c K e n z i e et al. 
1979); (6) pulsating tectonics (Pedley & Grasso 
1993). 

Wi th the uncertainty of the age of the Tripoli 
Formation and the exact origin of the cyclic bed­
ding, Hilgen & Krijgsman (in prep.) conclude 
that the substitution of sapropel cycles by Tripoli 
diatomite cycles point to an orbital control on 
the sed imenta ry cyclici ty, since sapropels are 
astronomically controlled (Hilgen et al. 1995; 
Sprovieri et al. 1996). 
The palaeoclimatic interpretation of the diatomite-
claystone couplets howevet, differs srrongly from 

author to author. Sprovieri et al. (1996) suggest, 
based on planktonic foraminifers, that the depo­
s i t i on of c l a y s t o n e s (or s ap rope l s by some 
authors) took place during cold periods, while a 
warmer planktonic foraminifers assemblage is 
p r e sen t in the d i a t o m i t e s . M i i l l e r ( 1 9 8 5 ) 
concludes, based on nannofossil warm water spe­
cies, that the claystones were deposited during 
w a r m p e r i o d s , w h i l e d i a t o m i t e s ref lect the 
influence of cold periods and upwelling. Hilgen 
& Krijgsman (1999) conclude that the diato­
mites ( laminites) correspond to the precession 
min ima and summer insolation maxima, and 
that the homogenous marls correspond to pre­
cession maxima and insolation minima. 
The main goal of this paper is to examine the 
polycystine radiolarian fauna in the biosiliceous 
deposits in the Tripoli Formation as it outcrops 
at Falconara, Sicily (proposed by Colalongo et al. 
1979) as a potential reference section for the 
Tortonian/Messinian boundary). The radiolarian 
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fauna is rich and well-preserved in most diato­
mites in the section and the radiolarian response 
to the cyclic changes are promising for a high-
resolution biostratigraphic and correlation tool, 
as the radiolarian assemblages show major and 
significant changes between and within selected 
cycles (bulk radiolarian abundance, radiolarian 
flux, relative abundance of selected species, factor 
loadings , Spumel la r ia /Nasse l la r ia rat io, e tc . ) . 
These severe assemblage changes in the radiola­
r ian fauna in the b i o s i l i c e o u s s e d i m e n t s at 
Falconara may provide information to improve 
and better understand the oceanographical and 
ecological evolution of the area. 

STRATIGRAPHIC FRAMEWORK 

In recent years H i l g e n ( 1 9 9 1 ) , Langere i s & 
Dekker (1992) , Gautier et al. (1994) , Sue et al. 
( 1 9 9 5 ) , and Sprovieri et al. (1996) have been 
working on sediments of Messinian age in Sicily, 
whi le Hodell et al. ( 1 9 9 4 ) worked up an age 
equivalent section in Morocco. 
Hodell et al. (1994) convincingly demonstrated a 
high-resolution isotope, carbonate, magnetostra-
tigraphic, and biostratigraphic record of a part of 
the B o u R e g r e g S e c t i o n in n o r t h - w e s t e r n 
Morocco. The investigated drill core covered the 
time span from paleomagnetic Chron C4n par-
tim to C3r (earliest Gilbert). This represents the 
time leading to and including the isolation and 
d e s i c c a t i o n of the M e d i t e r r a n e a n , i . e . the 
Messinian salinity crisis. They demonstrated that 
d u r i n g C h r o n s C 3 A n a n d C 3 A r ( 6 . 9 3 5 to 
5.894 Ma) the isotope and carbonate signals dis­
played a quasi-periodic variation with estimated 
per iods of 4 0 and 100 kyr respectively. T h e 
c. 40 kyr period 8 I 8 0 signal was interpreted to 
reflect changes in the global ice volume caused 
by obliquity-induced changes (41 kyr period) in 
solar inso la t ion in po la r r eg ions . T h e y also 
concluded that the 100 kyr period carbonate 
variations were probably related to a long term 
modulation of the amplitude of the precessional 
cycle (c. 21 kyr period) which was not resolved 
due to their low sampling frequency. 
The Falconara Section was first publ ished by 

Catalano & Sprovieri (1971) . D'Onofrio et al. 
(1975) , Colalongo et al. (1979) , van der Zwaan 
( 1 9 8 2 ) , and Theodorites (1984) published on 
the calcareous plankton biostratigraphy in this 
sec t ion . Gersonde ( 1 9 8 0 ) and Gersonde & 
Schrader (1984) reported on the diatom biostra­
tigraphy, while stable oxygen and carbon isotope 
data were provided by van der Zwaan (1982) , 
and van der Zwaan & Gudjonsson (1986) . 
L a n g e r e i s et al. ( 1 9 8 4 ) , H s u ( 1 9 8 5 ) , and 
Langereis & Dekker (1992) did not succeed in 
establishing a paleomagnetic stratigraphic frame­
work for the section, while Gautier et al. (1994) 
claimed to have obtained paleomagnetic results 
from the Tripoli Formation. 

Sprovieri et al. (1996) rejected the paleomagnetic 
results from Falconara proposed by Gautier et al. 
(1994) . Instead they correlated the paleomagne­
tic record of ODP Site 552 (North At lant ic) 
w i th O D P Si te 6 5 4 ( T h y r r e n i a n S e a ) , after 
having reinterpreted the magnetostrat igraphic 
b o u n d a r i e s and the i r ages acco rd ing to the 
magnetic polarity reversals record proposed by 
Cande & Kent (1992, 1995) . The abundance 
fluctuations in the Globigerinoides sp. population 
at Site 654 were then correlated to the record of 
the same fluctuations in the Falconara Section. 
ODP Site 552 from the North Atlantic was used 
by Sprovieri et al. (1996) to obtain the paleoma­
gnetic boundary ages of Chron 3An by using the 
nannofossil abundance fluctuations published by 
Beaufort & Aubry (1990) . Site 552 provides a 
complete sequence of abundance fluctuations 
(Fig. 2 ) , forced by the astronomical precession 
cycles from the middle late Tortonian to the base 
of Zanclean. Sprovieri et al. (1996) were able to 
accurately correlate sedimentary and biostratigra­
phic events recorded in the Mediterranean basin 
w i t h s i m i l a r even t s in the N o r t h A t l a n t i c 
(Site 552) , and demonstrated that the ages could 
be estimated by comparison with the sequence of 
abundance fluctuations linked to the precession 
cycle. By this technique Sprovieri et al. (1996) 
e s t i m a t e d the base a n d top of the T r i p o l i 
Fo rma t ion at Fa lconara to be 6 .93 M a and 
6.08 M a respectively (Fig. 2 ) , which is the age 
model adopted in our present paper. 
This deviates significantly from the age model 
provided by Hi lgen & Kri jgsman (in prep . ) . 
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FIG. 3. — The 1995 h'eld-log for the Falconara Section. 

They used the position of the first and last occur­
rence of the planktonic foraminifer Globorotalia 
nicolae as the starting point for their tuning expe­
riment. These events have been astronomically 
dated at 6.829 and 6.72 M a in sections on Crete 
a n d N o r t h e r n I t a ly ( H i l g e n et al. 1 9 9 5 ; 
Krijgsman et al. 1997) and are located in the 
Tripoli cycle T 9 and T 1 4 , respectively. W i t h 
these ages as the start ing point, all d ia tomite 
cycles have been tuned to the La90(j j , precession 
and summer insolation t ime series (Hilgen & 
Krijgsman 1999). They provide absolute ages for 
all sedimentary cycles based on their astronomi­
cal calibration, resulting in 7.008 and 5.99 M a 
for the base a n d the top of the T r i p o l i 
Formation. According to this new age model the 
Falconara Section starts wi th Tripoli cycle T 8 
(6 .847 Ma) and contains 41 cycles (Hilgen & 
Krijgsman 1999), suggesting that Sprovieri et al. 
(1996) are missing seven Tripoli cycles. In future 
work, we will use the new age model of Hilgen 
& Krijgsman (1999) . In Table 8 we have tabula­
ted the sample ages according to Sprovieri et al. 
( 1 9 9 6 ) and ind ica ted the cor re la t ion to the 
Tripoli cycles and absolute ages according to 
Hilgen & Krijgsman (1999) . 

MATERIAL AND M E T H O D S 

The study area covers the valley and hilly region 
d e l i m i t e d by the S i c a n i , M a d o n i e and Erei 
Mounta in Ranges ( S W Sicily, Southern Italy), 
r o u g h l y c o i n c i d i n g to the A g r i g e n t o a n d 
C a l t a n i s s e t t a p r o v i n c i a l t e r r i t o r y (F ig . 1 ) . 
Hitherto the best known Tertiary marine opal 
bearing sediments on Sicily are included in the 
Tripoli Formation, the so called diatomites or 
l a m i n i t e s , w h i c h are n i c e l y exposed in the 
Falconara Section. 

Our sampl ing program ( M a y - J u n e 1995 and 
August 1997) concentrated on the Messinian 
port ion of the 27 m thick Falconara Section 
(Fig. 3 ) . In 1995 we sampled a total of 30 out of 
4 1 d i a t o m i t e s and 18 out of 41 c lays tones , 
(Table 2) and the remain ing l i thologies were 
sampled in 1997. The diatomites in Cycles 7, 21 
and 28 were continuously sampled and are inclu-

598 GEODIVERSITAS • 1999 • 21 (4) 



Radiolarians from the cyclic Messinian diatomites of Sicily 

ded in this work. The sampling of the Falconara 
Section resulted in two different sample sets: 
(1) one central sample per lithological unit for 
the 49 sampled lithologies; (2) one consisting in 
a con t inuous s amp l ing of all the d ia tomi tes 
observed in the field. The maximum number of 
samples for a single diatomite was 48, resulting 
in a time-resolution of a few hundred years only. 
In the Tripoli Formation Sprovieri et al. (1996) 
referred to the lithological levels and labelled the 
diatomites from T l to T41 and the intercalated 
claystones from M l to M 4 2 , with every negative 
or positive fluctuation in the nannoplankton flora 
representing a half-cycle. The claystones are arbi­
trarily assumed to represent the base of the cycles. 
W e have p roces sed a to ta l of 162 s a m p l e s 
(Tables 2 -5 ) from the Falconara Sect ion and 
made slides for quantitative and qualitative ana­
lyses following the method proposed by Goll & 
Bjorklund (1974) . 

We selected the sample from the central part of 
each sampled lithological unit for both the diato­
mites and the claystones, assuming it to be repre­
sentative for that l i thology. All samples were 
analysed for their content of total organic carbon 
(TOC) and calcium carbonate by the use of an 
infrared gas analyser (LECO). This instrument 
measures, by infrared absorption, the amount of 
C 0 2 released from the samples during combus­
tion. The C a C 0 3 content was calculated by the 
difference of C t o t a l and C c a r b o n a t e . f r e e multiplied by 
the factor of 8.3 (atomic weight ratio of CaCO^ 
to carbon). 

Samples from within a single cycle have been 
coded, when plotted (Figs 7-12) , as XX.YY [XX 
indicates the reference number for the cycle 
(Tables 3-5) and YY indicates the position of the 
sample within the cycle, given as a percentage of 
the time elapsed from the bottom of the cycle]. 
This has been done in order to simplify compari­
sons be tween different cyc les , based on the 
assumption that the deposition of each cycle was 
influenced by the precession cycle, and therefore 
took p l a c e over an a v e r a g e t i m e span of 
21000 years (as demonstrated, for the Falconara 
Section, by Hilgen et al. 1995; Sprovieri et al. 
1996). As a working hypothesis we had to assu­
me that the sedimenta t ion rate was constant 
t h r o u g h o u t the cyc l e , in order to c a l c u l a t e 

-6.0 

-6.1 

-6.9 • 

-7.01 . . . . , . . . . , 
0.0 0.1 0.2 

TOC 

FIG. 4. — TOC (Total Organic Carbon) measurements through 
the section. 

sample ages. Flux estimates are therefore based 
on the assumption that the deposition of each 
cycle took place over 21 ,000 years. These calcu­
lations were carried out on sediment cubes 2 X 
2 X 2 cm. 
The Factor Analysis Method (Imbrie & Kipp 
1 9 7 1 ) a n d the F o r t r a n p r o g r a m C A B F A C 
(Klovan & Imbrie 1971) were used for the statis­
tical treatment of the data set. The Cabfac Q-
M o d e factor ana lys i s p r o g r a m was used for 
grouping the samples in the Falconara Section 
into varimax assemblages based on the similarity 
between samples. This is done by transforming 
the raw data into variables (the factor compo­
nents), each of which has a set of values (the vari­
max factor scores) giving an indication of which 
species are most important in each factor. 
The species that were treated statistically had to 
occur as more than 2 % of the total fauna in at 
least one sample, as recommended by Imbrie & 
Kipp (1971) . This reduced the original 68 mor-
photypes (Table 1) counted during this study to 
41 morphotypes used in the first factor analysis 
run. A selection of the morphotypes included in 
our factor runs are shown in Figs 20-22. 

RESULTS 

The organic carbon values from the central part 
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% CaC03 Radiolarians/g 

FIG. 5. — Percent of C a C 0 3 through the section. FIG. 6. — Number of radiolarians per gram bulk sediment in the 
diatomites through the section. Dashed line refers to claystones. 

of the 4 9 l i tho log ies (Table 2, Fig. 4 ) from 
Falconara are low, 0.06 < T O C < 0 .18%, throu­
ghout the section. These low values are in good 
agreement with Brosse & Herbin (1990) who 
also reported on values much lower than 1% 
T O C in the u p p e r M e s s i n i a n of O D P 
Sites 654A and 652A in the Thyrrenian Sea. The 
C a C O , values (Table 2, Fig. 5) show fluctuations 
between 7.92 and 50 .09%. 
The abundance of radiolarian specimens in the 
4 9 s t u d i e d l i t h o l o g i e s r anges from zero in 
Cycle 2 till more than 169000 radiolar ians/g 
bulk sediment in Cycle 26 (Fig. 6 ) , therefore 
indicating that the different cycles display mar­
ked variations in the total abundance of radiola­
rian specimens and in the species composition as 
demonstrated by the changes in factor loadings, 
as we will show later (Figs 15-19, Tables 6-8) . 
Our data show that radiolarians are usually not 
present in the claystones (Table 2, Fig. 6 ) , as also 
documented for the diatoms (Gersonde 1980; 
Gersonde & Schrader 1984) . Of our 19 clays­
tones, nine were barren for polycystine radiola­
rians, whi le eight had low numbers, less than 
3 ,000 radiolar ians/g carbonate free sediment. 
However, two claystones had significant high 
numbers , more than 4 3 , 0 0 0 (S11) and about 
21,500 (SI8) radiolarians/g bulk sediment. 
The abundance of radiolarian skeletons is sho­
wing great changes between the different diato­

mites (Fig. 6 ) . To test how the radiolarian abun­
dance changed within a cycle and between cycles, 
we arbitrarily selected three continuously sam­
pled diatomites, the lowest at c. 5 m, the middle 
at c. 1 2 m and the uppermost at c. 1 8 m into the 
section, respectively: 
Cycle 7 . (Figs 7, 10; Table 3) : diatomite D7, in 
the lower part of the section, is 46 .9 cm thick 
and the claystone/diatomite boundary is 4 6 . 6 % 
into the cycle. This percentage notation has been 
adopted in order to have a way to directly com­
pare the data obtained from different cycles, with 
the assumption that the sedimentological evolu­
tion of each cycle is the same. 
Cycle 2 1 . (Figs 8, 11; Table 4 ) : diatomite D21 , 
in the middle of the section, is 64 cm thick and 
the claystone/diatomite boundary is about 1 1 % 
into the cycle. 

Cycle 28 . (Figs 9, 12; Table 5): diatomite D28, 
in the upper part of the section, is 49.7 cm thick 
and the claystone/diatomite boundary is about 
4 9 . 2 % into the cycle. 
In the three cycles chosen in this experiment, the 
a b u n d a n c e of r a d i o l a r i a n s v a r i e s b e t w e e n 
c. 3 ,200 in Cycle 28 and c. 117 ,000 radiola­
rians/g bulk sediment in Cycle 7. We have no 
calcium carbonate data for the continuous sam­
pled diatomites but the variation patterns of the 
radiolarian abundance number within the three 
cycles are however distinct (Figs 7-9) . 
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FIG. 8. — Number of rad io lar ians per gram bulk sed iment 
through Cycle 2 1 . The dashed horizontal line marks the transi­
tion between claystone and diatomite. 

In the following we will discuss only the diato­
mites from the three selected cycles. 
Cycle 7 . Radiolarians are present with highest 
abundances (Fig. 7) in the lower 1 0 % of the 
diatomite (c. 117,000 radiolarians/g bulk sedi­
men t ) , whi le the number g radua l ly decreases 
towards the top of the diatomite (c. 27 ,200) . As 
can be seen from the Spumel lar ia /Nasse l lar ia 
(S/N) ratio, spumellarians are dominating over 
nassellarians in the bottom five samples (with 
one exception), while in the rest of the diatomite 
the S/N ratio fluctuates around a value of 0.7, 
indicating a dominance of nassellarians (Fig. 10). 
Cycle 2 1 . Radiolarians are present with highest 
abundances in the lower 1 0 % of the diatomite 
(c. 114,000 radiolarians/g bulk sediment). This 
number rapidly decreases to c. 4 0 , 0 0 0 c. 2 0 % 
into the diatomite, thereafter it fluctuates from 
between c. 24 ,000 and 49 ,000 towards the top 
(Fig. 8 ) . In the lower 1 5 % of the diatomite (with 
the exception of the oldest sample), the S/N ratio 
is higher than one, while for the remaining part 
of the diatomite nassellarians are the dominant 
group (Fig. 11). 

Cycle 28 . Radiolarians are present with highest 
abundances in the lower 10% of the diatomite 
(c. 55 ,000 radiolarians/g bulk sediment) . This 
number rapidly decreases to less than 10 ,000 
c. 1 5 % into the diatomite, thereafter it remains 

almost constant (Fig. 9 ) . In this diatomite the 
s p u m e l l a r i a n s are d o m i n a n t t h roughou t , in 
contrast to the previous two cycles, where nassel­
larians are the dominant group. In the topmost 
2 0 % of the diatomite the S/N ratio fluctuates 
between 10 and 65 (Fig. 12). 

In order to take the dilution effect of carbonate 
into considerat ion we plotted the number of 
radiolar ians /g carbonate free sediment of the 
central sample from all lithologies (Fig. 13). We 
have sampled 19 out of 41 claystones and only 
two have a significant radiolarian content, bet­
ween 30,000 and 50,000 radiolarians/g carbon­
ate free sediment , whi le two dia tomites have 
values reaching more than 2 5 0 , 0 0 0 rad io la­
rians/g carbonate free sediment. 
The distorting effect of the (most l ikely chan­
ging) sedimentation rate through the section was 
then considered, and we calculated a radiolarian 
flux curve for the section (Fig. 14), accepting the 
d i a t o m i t e s a n d c l ays tones to be precess ion 
c o n t r o l l e d , w i t h an a v e r a g e d u r a t i o n of 
21.000 years. This curve depicts the changes of 
the number of radiolarians per time- and per sur­
f a c e - u n i t ( e . g . , n u m b e r of r a d i o l a r i a n s / 
kyear /cm 2 ) , thus being an image of the changes 
in radiolarian productivity through time, which 
is independent both from the composition and 
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from the accumulation rate of the sediment hos­
ting the microfossils. It is apparent that only one 
diatomite (D26) represents one major high pro­
duction pulse with an outstanding radiolarian 
flux (304 ,000 radiolarian skeletons/kyear/cm^) 
when compared to the rest of the dia tomites 
(Fig. 14; Table 2 ) . This abundance peak is a 
potential event to be used as a key-level in local 
and regional correlation. 
The application of Q-mode factor analysis to a 
total of 41 morphotypes resulted in 10 factors 
(polycystine radiolarian associations), explaining a 
cumulative variance of 9 5 . 8 9 % (data from this 
run are not presented herein). The 13 morpho­
types having a varimax factor component value 
higher than 2.000 (i.e. the most "important" spe­
cies for each factor) in this run were then used 
once again in a second factor analysis run. The 
results between the two runs are not significantly 
different, therefore enabling us to work with only 
13 rather than the 68 morphotypes that we started 
out with. This reduction in species will speed up 
the counting time, and this technique can, there­
fore be a potentially useful tool for correlation. 
The screening (the first factor run) and reduction 
to only the 13 most important morphotypes will 
make it easier to compare and use data from other 
authors. Of the factor component peaks resulting 
from this run we tabulated in Table 8, 46 factor 
component values higher than 0.400 (Table 6) . 

Factor 1 ( d o m i n a t e d by the S. delmontensis 
group, Table 7) reaches high values in different 
portions of the section, but is more significant in 
sediments older than 6.50 M a (Fig. 15). 
Factor 2 (dominated by Larcoidea sp., Table 7) is 
common throughout the section becoming more 
important in sediments younger than 6.54 Ma 
(Fig. 16). 
Factor 3 ( d o m i n a t e d by Lithomitra lineata, 
Table 7) is the only factor that gives a good oppor­
tunity to split the Falconara Section in a higher 
and lower portion, as high values for this factor 
are only found in the lower portion of the section, 
in sediments older than 6.60 M a (Fig. 17). 
Factor 4 (dominated by Didymocyrtis sp., Fig. 18; 
Table 7) is one factor assigned to the claystones, 
peaking in S13 and S I 6 . On the quanti tat ive 
slide of sample S16 no radiolarians were found 
(Table 2) , however, on the enriched fauna slides 
an almosr monospecific Didymocyrtis sp. assem­
blage occurred. 

Factor 7 (dominated by Anthocyrtidium ehrenber-
gi, Fig. 19; Table 7) is the second factor assigned 
to the claystones with one peak in S 2 1 . 

DISCUSSION 

The Falconara Section is peculiar in its radiola­
rian assemblage and species morphology. These 
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FIG. 12. — S/N ratio through Cycle 28. The dashed horizontal 
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deposits are immediately pre-dating the isolation 
and desiccation of the Mediterranean Sea, cau­
sing "stressed" ecologica l cond i t ions for the 
p lankton. The following scenarios have been 
used to explain the cyclic diatomite formation, 
events that can also cause these stressed ecologi­
cal conditions: (1) the intensification of Atlantic 
inflow due to glacio-eustatic sea-level changes 
(Van der Zwan & Gudjonsson (1986) ; (2) perio­
dic upwel l ings (Gersonde 1 9 8 0 ) ; (3) surface 
water warming (Broquet et al. 1981); (4) increa­
sed con t inen ta l run-off ( M e u l e n k a m p et al. 

1979) ; (5) global sea level rise in combination 
w i t h e n h a n c e d u p w e l l i n g ( M c K e n z i e et al. 

1979); (6) pulsating tectonics (Pedley & Grasso 
1993) . Hilgen & Krijgsman (1999) point out 
that the Miocene sapropels had the same origin 
as the Pliocene-Pleistocene ones, namely domi-
nantly precession controlled "dry-wet" oscilla­
t ions in the c i r c u m - M e d i t e r r a n e a n c l i m a t e . 
These alternations certainly caused differences 
in the living conditions for the marine micro-
plankton. 

The age of the Tripoli Formation exposed in the 
Falconara Section was determined by Hilgen & 
K r i j g s m a n ( 1 9 9 9 ) to r a n g e from 6 . 8 4 7 to 
5.980 Ma, starting with Tripoli Cycle T8 , com­
pare Sprovieri et al. (1996) giving the range of 
6.93 to 6.08 Ma, corresponding to the nannofos-
sil C. leptoporus zone. The standard radiolarian 

zona t ion c a n n o t d i r e c t l y be a p p l i e d to the 
Medi terranean Sea, nor to the Messinian sili­
ceous deposits on Sicily. 

The base of the radiolarian Stichocorys peregrina 

zone is defined as the transition from S. delmon-

tensis to S. peregrina, dated to occur at c. 6.2-
6.3 M a (Theyer & Hammond 1974). Riedel et. 

al. ( 1 9 7 4 ) repor ted on one r a d i o l a r i a n - r i c h 
sample in the Trubi marls of the Capo Rossello, 
assigned to the Zanclean stage, lower Pliocene, 
stating: "...the "Trubi" assemblage is to be placed 
between the time of evolutionary transition from 
S. delmontensis to S. peregrina, and that from 
Spongaster berminghami to S. pentas, and thus 
evident ly belongs to the Stichocorys peregrina 

z o n e . " From the s a m e p ro f i l e R i e d e l & 
Sanfilippo (1978) also report on common typical 
oceanic specimens of S. peregrina with truncated-
conical third segment. 

In the Falconara Section, assigned to the older 
Tripoli Formation, we have not been able to 
observe this transition. We include in the S. del­

montensis group several morphologies, some with 
a thick silicified test, others with a very thin test, 
and several forms having irregularly shaped seg­
ments with tilted strictures between segments. 
No real specimens of the oceanic form of S. pe­

regrina have been observed in our material. We 
therefore ass ign the sec t ion to p r e d a t e the 
Stichocorys peregrina zone. 
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Foraminiferal assemblages are generally present 
in the d ia tomi tes wi th a rich and diversified 
fauna, while the diversity is generally lower in the 
claystones. In some claystone units the foramini­
feral assemblages are missing, e.g., M 3 0 , M 4 1 , 
and M 4 2 (Sprovieri et al. 1996) . They suggest 
that the claystones are deposited during cold per­
iods while the diatomites are deposited during 
warm periods, as they generally have a warmer 
planktonic foraminifer assemblage. 
Muller (1985) on the other hand concludes the 
opposite. The claystones have a higher amount 
of nannoplankton and a more diversified assem­
blage wi th input of w a r m water species ( i .e . 
Sphenolithus abies) and some discoasters. She the­
refore concluded that the claystones were deposi­
ted during warm periods, while the diatomites 
were formed during cold periods and times with 
upwell ing related to changes in the prevailing 
wind direction. 

The Sticochorys delmontensis group is present 
th roughout the section and varies great ly in 
abundance as well as morphology, as also obser­
ved in the Gib l i scemi Sec t ion ( C a u l e t pers. 
comm. 1997). The variation in the skeletal mor­
phology in the S. delmontensis group is a poten­
tial tool in interpreting the paleoclimate if we 
can decode the meaning of these variations. 
The S. delmontensis association (Factor 1, Fig. 15) 
and Lithomitra lineata associat ion (Factor 3, 

0 100000 200000 300000 
Radiolarian f I u x / k y / c m 2 

FIG. 1 4 . — Radiolarian flux (number of radiolarians/kyear/cm 2) 
through the section. Dashed line refers to claystones. 

Fig. 17) show almost the same pattern of major 
and rapid variations in the lower part of the sec­
tion, older than 6.5 Ma, interpreted as rapid eco­
logical changes over very short time intervals. 
In Factor 2 Larcoidea sp., Porodiscus sp., and 
Spongotrochus glacialis are the dominant taxa, 
after 6.5 M a and modern equivalents of these 
categories are often found in deeper and cooler 
water , except for Stylochlamidium venustum 
(forms that we included in the Porodiscus sp.) 
showing a shallow and warm water affinity in the 
Pacific (Mull ineaux & Westberg-Smith 1986) . 
As the modern equivalents of these groups do 
refer to open ocean conditions, it is not easy to 
interpret the Falconara Sect ion in a scenario 
where the shallow Caltanissetta basin has a res­
tricted communication with the ocean. 
Diatoms are generally absent or badly preserved 
in the claystones (Gersonde 1980; Gersonde & 
Schrader 1984) . Similar ly for the radiolarians, 
but two claystones have significant amounts of 
radiolar ians , S I 8 (21 ,500 radiolar ians /g bulk 
sediment) and S l l (43,000 radiolarians/g bulk 
sediment). In addition three claystones are cha­
racteristic by their fauna associations, S13 and 
S16 (by Factor 4, dominated by Didymocyrtis sp.) 
a n d S 2 1 (by Fac to r 7 , d o m i n a t e d by 
Anthocyrtidium ehrenbergii). These five levels are 
potential good local or regional markers within 
the Caltanissetta basin. 
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The Didymocyrtis sp. is almost monospecific and 
as the section is predating the Stichocorys peregri-
na zone, the Didymocyrtis penultima zone would 
seem natural, but we cannot assign our assembla­
ge to this zone w i th cer ta inty. T h i s form of 
Didymocyrtis sp. might be the oceanic counter­
part of Didymocyrtis penultima, however, it dif­
fers so much that it probably is a new species. 
We do not think that this morphology is simply 
a result of different ecology and corresponding 
ontogenesis. 

The diatomites show great variation in the num­
ber of radiolarians/g sediment, both between the 
different diatomites and within them (Figs 6-9). 
To test the hypothesis if there is a rhythmic deve­
lopment through t ime between the different 
diatomites, we assigned each sample to its time 
equivalent position within each cycle, assuming a 
claystone and a diatomite couplet to represent 
21,000 years. Each claystone and diatomite has 
its own polycys t ine radio lar ian "f ingerprint" 
(assemblage or event) as determined by the per­
cent distance into the cycle. This will provide an 
excellent stratigraphic tool with a high and preci­
se time resolution (Table 8) . 
Another "fingerprint" that can help to recognise 
the different d i a tomi t e s is the S p u m e l l a r i a / 
Nassellaria (S/N) ratio. D7 and D21 show a very 
similar and systematic evolution in this ratio, 
where spumellarians dominate the lower part of 

the cycle, while the nassellarians take over in the 
upper part of these cycles (Figs 1 0 - 1 1 ) . D28 
shows a different t rend in the S p u m e l l a r i a / 
Nassel lar ia rat io s ince the spume l l a r i ans are 
always dominant and they become much more 
so in the upper part of the cycle (Fig. 12). 
The differences in the polycystine radiolarian 
"fingerprint" between cycles cannot be explained 
at present, but only speculated upon. The micro-
f auna of the T r i p o l i F o r m a t i o n , bo th at 
Capodarso (Sue et al. 1995) and at Falconara 
(Sprovieri et al. 1996) is rich in planktonic fora-
minifera, a typical oceanic imprint . The sedi­
mentation history of the Caltanissetta basin has 
changed through the Messinian, as documented 
by the alternation of diatomites and claystones 
due to processes causing the isolation, changes in 
production and preservation of organic material, 
changes in primary and secondary production, 
and desiccation of the basin, compare the scena­
rios outlined elsewhere. Sue et al. (1995) point 
out that the diatomite-claystone couplets are a 
result of sea-level fluctuations. Sprovieri et al. 
(1996) on the other hand concluded that the 
rhythmites are astronomically forced due to the 
21,000 yrs periodicity based on the occurrence 
of planktonic foraminifers, as also supported by 
Hilgen et al. (1995) and Hilgen & Krijgsman 
(1999) . 

Whatever causes the rhythmites, the presence or 
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absence of polycystine radiolarians is a result of 
changes in the ecological, as well as in the preser-
va t iona l cond i t ions w i t h i n the Ca l t an i s se t t a 
Basin . Sue et al. ( 1 9 9 5 ) conc luded that the 
Contrada Gaspa Section, constituted by 108 m 
of sediments ranging from diatomites to clayey 
diatomites, was a result of deposition in a small 
b a s i n i n t e r m i t t e n t l y i s o l a t e d from the 
Caltanissetta Basin. The Falconara Section, near 
to the rim of the Caltanissetta Basin, has a diffe­
rent lithological structure than the Capodarso 
Section, therefore making correlations difficult. 
This makes the Caltanissetta basin an analogue 
to modern Norwegian fjords. Polycystine radiola­
rians have been shown (Swanberg & Bjorklund 
1986, 1987) to live and thrive in very landlocked 
environments such as fjords and polls, where 
they occur in the plankton in concentrations of 
c. 10000 radiolar ians/m 3 seawater. In one poll 
the assemblage is almost monospecific {Amphi-
melissa setosa) showing a different skeletal mor­
phology than the oceanic counterpart period 
Bjorklund & Swanberg (1987) suggested that in 
the warm end of its temperature range, in the 
fjords, the availability of nutrition gave a much 
higher growth rate that resulted in smaller and 
reticulated forms, while the oceanic forms, in the 
cold end of its temperature range, grew slower 
and over a longer time period, resulting in a lar­
ger and more silicified skeleton wi th rounded 

pores. An analogue is the S. delmontensis in the 
Caltanissetta Basin which shows a big variation 
in its morphology, where we identified and coun­
ted four differenr morphotypes. It is apparent 
that in certain parts of the section, and even in 
certain parts wi thin the single diatomites, the 
different morphologies of S. delmontensis must be 
a response to ecological changes. The "dry-wet" 
oscillations in the Mediterranean climate and the 
enhanced continental run-off (Meulenkamp et 
al. 1979) must certainly be kept in mind. 
The high neritic plankton values are in conflict 
with the general understanding that radiolarians 
are not abundant in the neritic environments. In 
the fjord sediments 1,000 polycystine radiola-
rians/g is a normal value, as the terrigenous input 
due to river discharge is high and the microfossil 
remains are very much diluted. 
The Caltanissetta Basin, if compared with a fjord 
situation, must be of a different magnitude and 
structure. Terrigenous sediments must be trap­
ped in near land "sub-basins" with the possibility 
to produce, accumulate and preserve biogenic 
s e d i m e n t s r ich in both ca rbona t e and opal 
microfossil remains, probably the Caltanissetta 
basin was more open than the analogue fjords. 
High levels of organic material and opal micro-
fossils are, however, deposi ted in present day 
anoxic basins such as in the Tyro Basin in the 
eastern Mediterranean (Bjorklund & de Ruiter 
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1987) in contrast to the oxygenated sediments in 
the Mediterranean proper (Caulet 1974) which 
are poor in opal microfossils. 
The Spumellaria/Nassellaria ratio has been used 
as a po ten t i a l tool to d i s c r i m i n a t e be tween 
assemblages in ner i t ic envi ronments (Palmer 
1 9 8 6 ) where spumel la r i ans p redomina te the 
plankton, vs open oceanic environments where 
nassel lar ians tend to be the dominan t group 
(McMillan 1979, 1981). Swanberg & Bjorklund 
(1987) clearly demonstrated that the radiolarian 
fauna of Sogndalsfjorden was dominated by early 
developmental stages of Amphimelissa sp. which 
comprised 1 1 % , 3 9 % and 6 0 % of the plankton 
fauna proceeding from the outer to the inner 
fjord basin. In two other landlocked basins the 
same species made up 91 and 9 9 % of the fauna. 
This clearly demonstrates the occurrence of nas­
sellarians wi th more than 9 9 % in the neri t ic 
plankton, in opposition to the conclusions by 
Palmer (1986) and McMillan (1979, 1981), and 
does not signal open ocean conditions. 
If our detailed investigation of the S/N ratio in 
the three different cycles (Figs 10-12) should be 
in terpre ted as dep ic t ing ner i t i c and oceanic 
conditions, both D7 and D21 would then show 
a g radua l evo lu t ion from ner i t i c to ocean ic 
conditions as they are dominated by spumella­
rians close to the base of the diatomites, while 
nassellarians are increasing towards the top. The 

S/N ratio in D28 suggests on the contrary that 
this cycle was exclusively deposited in a neritic 
environment. We cannot see any direct connec­
tion between the S/N ratio and the nerit ic vs 
oceanic environments (distance from shore), as 
interpreted by Palmer (1986) . The change in the 
S/N ratio is more subject to local ecological 
changes wi th in the basin, and not so much a 
result of the sites position in relation to the coast 
or the open oceanic. Boltovskoy (pers. comm. 
1997) also observed that the S/N ratio behaves 
inconsistently on different sediment types. 
Our conclusion is therefore that the S/N ratio in 
the sediment cannot be used to discriminate bet­
ween neritic vs oceanic conditions, mostly as this 
ratio is very sensitive to dissolution, a common 
problem in the hemipelagic province. Locally, 
however, the S/N ratio can be a useful stratigra-
phic tool to recognise polycystine distribution 
patterns, both within and between cycles in a 
section, as well as between sections. This because 
the S/N ratio in this scenario probably depicts 
changes and differences in the ecology and in the 
production, as well as in the accumulation and 
preservation conditions of microfossils. 
The diatomites are generally very rich in radiola­
rians and we tend to conclude that nutrient avai­
labi l i ty in the basin dur ing their formation is 
good, probably as a result of continental run off 
(Meulenkamp et al. 1979). The almost total lack 
of planktonic life in the claystone lithologies in 
the Capodarso Section (Sue et al. 1995) indicates 
that the absence of siliceous microfossils is not 
only a result of silica dissolution. Also planktonic 
foraminifers are absent or rare, while the benthic 
foraminifer fauna is restricted (Sue et al. 1995), 
indicating that an environmental stress is affec­
ting the basin. The micro lamination do indicate 
periodic anoxic conditions. 
Particularly high values of the factor component 
peaks for the final n ine factors (higher than 
0.400, framed in Table 6) were used to trace the 
most important "radiolarian factor peaks" throu­
ghout the section. The peaks (Table 8) are coded 
as X.Y, where X represents the factor number 
and Y represents a reference number for the "fac­
tor peaks", arranged in an ascending order from 
base to top of the section. 

Some factors (Table 8, e.g., Factor 1) display "16 
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factor peaks" (framed values in Table 6) in diffe­
rent portions of the section (e.g., from diato-
mites D4 to D34) , which have to be interpreted 
as the recurrence of equiva lent ecological or 
hydrographical conditions at different times. 
The peak pattern as presented in Table 8, is our 
first attempt to make a radiolarian stratigraphic 
synthesis of rhe Falconara Section based on "fac­
tor peaks", and the peak order obviously repre­
sent an evolution of the radiolarian assemblage as 
a response to changing environments. To use the 
peaks as a correlation tool between our reference 
section (Falconara) and another section we have 
to pick a sequence of factor peaks from the sec­
tion we want to correlate and look for the same 
peak pattern in the reference section. We see this 
technique to be especially useful when correla­
ting profiles in the same section where visual cor­
relation is difficult due to tectonism. 

CONCLUSIONS 
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1. In diatomites the number of radiolarians/g bulk 
sediment fluctuates between 1,200 (D35) and 
169.500 (D26). One diatomite (D2) is barren. 
2 . On a C a C O ^ free basis, D26 has a flux of 
303,500 radiolarian skeletons/kyear/cm 2 . A pos­
sible regional marker for correlation. 
3. In D7 and D21 spumellarians are dominant 
in the lower 1 0 - 1 5 % of the diatomites, whi le 
nassellarians dominate the upper part. 
4 . In D28 spumellar ians dominate the whole 
diatomite. 
5. The S/N ratio reflecrs local ecological changes 
(as shown in D28) . 
6. In claystones the number of radiolaria/g bulk 
sediment is generally barren or low. Two clay-
stones, S I 8 and S l l , have h igh numbers of 
21,500 and 43,000, respectively, and may serve 
as a correlation tool. 
7. S13 and S16 have factor component peaks of 
0.997 and 0.997 respectively, two claystones that 
may serve as a regional marker, dominated by an 
a lmos t m o n o s p e c i f i c Didymocyrtis sp. (not 
Didymocyrtis penultimd) assemblage. 
8. S21 has a factor component peak of 0 .993, 
Anthocyrtidium ehrenbergii is the important spe­
cies, and may be a stratigraphical marker. 
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APPENDIX 

TABLE 1. — The taxa which have been identified and counted for the statistical exercise in this study. Literature references are given 
to illustrations of the most important taxa. 

Taxa References for i l lust rat ions 

1 Botryopyle sp. Fig. 20A-E 
2 Acrobotrys sp. cf. A. disolenia Petrushevskaya (1981; fig. 495) 
3 Actinomma sp. cf. A. medianum Nigrini & Moore (1979; pi. 3, fig. 5) 
4 Actinomma sp. 
5 Actinomma sp. 1 
6 Amphirrhopalum sp. 
7 Anomalocantha dentata Nigrini & Moore (1979; pi. 4, fig. 4) 
8 Anthocyrtidium ehrenbergi Fig. 21F, J; Nigrini & Lombari (1984; pi. 27, figs 1-2) 
9 Arachnocorallium sp. Riedel et al. (1985; pi. 3, figs 13a-c) 
10 Hymeniastrum sp. Riedel et al. (1985; pi. 2, fig. 2a) 
11 Botryostrobus auritus/australis Fig. 21K, N; Riedel et al. (1985; pi. 5, fig. 7) 
12 Carpocanarium papillosum Nigrini & Moore (1979; pi. 2 1 , fig. 3) 
13 Carpocanistrum sp. Fig. 210 , S; Riedel et al. (1985; pi. 5, figs 2-3) 
14 Cenosphaera cristata? Nigrini & Moore (1979; pi. 4, figs 2a-b) 
15 Cenosphaera sp. 2 Fig. 20B, E; Nigrini & Moore (1979; pi. 4, fig. 3b) 
16 Ceratocyrtis sp. Riedel et al. (1985; pi. 3, fig. 14b) 
17 Cornutella profunda Fig. 21G, I; Nigrini & Lombari (1984; pi. 22, fig. 1) 
18 Cyrtocapsella cylindroides Nigrini & Lombari (1984; pi. 23, fig. 2) 
19 Didymocyrtis sp. Fig. 21G, J; Nigrini & Moore (1979; pi. 4, fig. 3b) 
20 Euchitonia furcata Nigrini & Lombari (1984; pi. 8, fig. 1) 
21 Eucyrtidium cienkowskii Nigrini & Lombari (1984; pi. 23, fig. 6) 
22 Eucyrtidium hexagonatum Nigrini & Lombari (1984; pi. 23, fig. 8) 
23 Eucyrtidium sp. cf. E. holospira Petrushevskaya (1981; fig. 295) 
24 Eucyrtidium punctatum Fig. 22R, W; Riedel et al. (1974, pi. 62, Fig. 6) 
25 Heliodiscus asteriscus Nigrini & Lombari (1984; pi. 5, Fig. 4) 
26 Heliodiscus echiniscus Riedel et al. (1974, pi. 56, Fig. 5) 
27 Hexacontium arachnoidale Fig. 20D; Hollande & Enjumet (1960, pl. LIM, Fig. 1) 
28 Hexacontium pachydermum (big) Fig. 20F; Riedel et al. (1985; pl. 1, Fig. 6a) 
29 Hexacontium pachydermum (small) Fig. 20C; Riedel et al. (1985; pl. 1, Fig. 6c) 
30 Hexacontium sp. 
31 Hexapyle sp. 
32 Hymeniastrum sp. Fig. 20I; Riedel et al. (1985; pl. 2, Fig. 2b) 
33 Larcoid sp. 1 (spiral) 
34 Larcold sp. 2 (small) 
35 Larcoidea sp. Fig. 20K, L 
36 Larcopyle buetschlii Nigrini & Moore (1979; pl. 17, figs 1a-b) 
37 Larcopyle sp. Riedel et al. (1985; pl. 2, figs 11a-b) 
38 Larcospira quadrangula Nigrini & Lombari (1984; pl. 13, Fig. 3) 
39 Lipmanella sp. Riedel et al. (1985; pl. 4, Fig. 9) 
40 Litharachnium sp. Fig. 22M; Riedel et al. (1985; pl. 4, fig.11) 
41 Lithomelissa sp. cf. L. setosa Fig. 22F-L; Riedel et al. (1985; pl. 3, fig. 15c) 
42 Lithomitra arachnea Riedel et al. (1985; pl. 5, Fig. 8b) 
43 Lithomitra sp. cf. L. lineata Fig. 21H, L, M; Riedel et al. (1985; pi. 5, Fig. 8a) 
44 Lophophaena buetschlii Petrushevskaya (1971, Fig. 58 l-X) 
45 Lophophaena sp. Fig. 210 , S 
46 Tetrapyle octacantha Nigrini & Lombari (1984; pl. 12, Fig. 3) 
47 Phormostichoartus corbula Nigrini & Lombari (1984; pl. 3 1 , Fig. 4) 
48 Phorticium polycladum Nigrini & Lombari (1984; pl. 12, Fig. 1) 
49 Porodiscus sp. Riedel et al. (1985; pl. 2, figs 3-4) 
50 Pterocanium sp. Riedel et al. (1974, pl. 60, figs 4-6) 
51 Spongaster berminghami Nigrini & Lombari (1984; pl. 9, Fig. 1) 
52 Spongotrochus glacialis Nigrini & Lombari (1984; pl. 11, Fig. 2) 
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Taxa References for i l lustrat ions 

53 Spongotrochus resurgens osculosa Gig. 20A; Nigrini & Lombari (1984; pl. 11 , Fig. 1) 
54 Hexalonche sp. 
55 Stichocorys delmontensis Fig. 21A-E; Nigrini & Lombari (1984; pl. 25, Fig. 4) 
56 Stichocorys delmontensis (dwarf) 
57 Stichocorys delmontensis (thick) 
58 Stichocorys delmontensis (thin) 
59 Stichocorys peregrina? Nigrini & Lombari (1984; pl. 25, Fig. 6) 
60 Stylochlamydium venustum Fig. 20M; Nigrini & Lombari (1984; pl. 11 , Fig. 3) 
61 Stylodictya aculeata J0rgensen (1905, pi X, Fig. 41) 
62 Stylodictya tenuispina Bjorklund (1976, pi. 4, Fig. 5) 
63 Stylodictya validispina Bjorklund (1976, pi. 4, fig. 4) 
64 Stylosphaera angelina Riedel et al. (1974, pl. 56, fig. 2) 
65 Thecosphaera greco! Fig. 20H; Riedel et al. (1974, pl. 56, fig. 3) 
66 Theocapsa? eretica Fig. 22T-V Riedel et al. (1985; pl. 4, fig. 15) 
67 Trissocyclidae sp. Fig. 21T-Y 
68 Zygocircus productus Nigrini & Lombari (1984; pl. 15, figs 1-2) 
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FIG. 2 0 . — A, Spongotrochus glacialis/osculosa ( D 2 6 . 1 1 ) ; B, E, Cenosphaera sp. 2 ( D 2 0 . 2 ) ; C, Hexacontium pachydermum (small) 
( D 2 0 . 2 ) ; D, Hexacontium arachnoidal ( D 2 0 . 2 ) ; F, Hexacontium pachydermum (big) ( D 3 1 . 2 ) ; G, J , Didymocyrtis sp. ( D 2 6 . 1 1 ) ; 
H, Thecosphaera grecoi ( D 2 7 . 2 ) ; I, Hymeniastrum sp. K, L, Larcoidea sp. ( D 2 7 . 2 ) ; M, Stylochlamydium venustum ( D 2 7 . 2 ) . Scale 
bar: 1 0 0 pm. 
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FIG. 2 1 . — A-E, Stichocorys delmontensis ( D 1 7 . 1 ) ; F, J , Anthocyrtidium ehrenbergi ( D 2 0 . 2 ) ; G, I, Cornutella profunda ( D 1 7 . 1 ) ; 
H, L, M, Lithomitra lineata ( D 4 . 9 ) ; К, N, Botryostrobus auritus/australis ( D 2 1 . 2 2 ) ; 0 , S, Carpocanistrum sp. ( D 2 6 . 1 1 ) ; 
P-R, Lophophaena sp. ( D 2 6 . 1 1 ) ; T-Y, Trissocyclidae sp. ( D 1 7 . 1 ) . Scale bar: 1 0 0 pm. 
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W X Y Z a Zb 

FIG. 2 2 . — A - E , Botryopyle sp. ( D 2 6 . 1 1 ) ; F-L, Lithomelissa sp . cf. L. setosa ( D 2 8 . 0 ) ; M, Litharachnium sp. ( D 2 6 . 1 1 ) ; 
N-Q, Stichocorys delmontensis (D26 .11 ) ; R, W, Eucyrtidium punctatum (D26 .11) , same specimen; S, Eucyrtidium sp. cf. E. holospira 
(D26 .11 ) ; T-V, Theocapsa ? cretica; X-Zb, Eucyrtidium sp. (D26 .11) . Scale bar: 1 0 0 pm. 
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TABLE 2. — Estimated age above section base, radiolarian flux, number of radiolarians per gram CaCCyf ree sediment, number of 
nassellarians, spumellarians and radiolarians per gram bulk sediment, Spumellaria/Nassellaria ratio, C a C 0 3 and TOC content for 
each of the samples collected during the 1995 field-trip (one sample for each lithology). 

Sample Years above Flux Rads Number of Number of Number of S/N Percent Percent 
Code Section base in k y / c m 2 gcf Spum/g Nass/g Rads/g ratio C a C 0 3 TOC 

D 3 6 757000 23698 82123 28553 12437 40990 2.30 50.09 0.100 
D 3 5 736000 1351 1447 173 1038 1211 0.17 16.29 0.095 
D 3 4 715000 8397 6595 810 5263 6073 0.15 7.92 0.000 
D 3 3 694000 108560 269415 107042 33627 140669 3.18 47.79 0.116 
D 3 2 673000 27978 37831 14613 5874 20487 2.49 45.85 0.139 
D 31 652000 48261 55561 23518 20356 43874 1.16 21.04 0.096 
D 30 631000 3261 4787 1786 2273 4058 0.79 15.22 0.144 
D 2 9 610000 8967 8240 2141 4587 6728 0.47 18.35 0.158 
D 2 8 589000 61163 73836 19427 14417 33845 1.35 54.16 0.131 
D 2 7 567000 24777 41790 7242 5850 13092 1.24 68.67 0.070 
D 2 6 546000 303644 258157 95126 74368 169495 1.28 34.34 0.129 
D 2 1 525000 57511 71345 14480 20916 35396 0.69 50.39 0.174 
S 2 1 504000 3217 2121 437 1310 1747 0.33 17.64 0.133 
D 2 0 399000 46565 45089 12654 10328 22982 1.23 49.03 0.117 
S 2 0 399000 139 155 98 0 98 >1 36.62 0.106 
D 19 378000 101764 65397 16756 28966 45722 0.58 30.09 0.120 
S 19 378000 0 0 0 0 0 - 17.76 0.069 
D 18 357000 31793 64398 20134 32215 52349 0.63 18.71 0.115 
S 18 357000 15897 34789 9099 12408 21507 0.73 38.18 0.139 
D 17 336000 63761 54258 14449 29106 43555 0.50 19.73 0.113 
S 17 336000 0 0 0 0 0 - 33.52 0.118 
D 16 315000 40402 118495 20516 39013 59529 0.53 49.76 0.129 
S 16 315000 0 0 0 0 0 - 23.73 0.063 
D 15 294000 110185 109436 22199 46934 69133 0.47 36.83 0.091 
S 15 294000 505 500 312 0 312 >1 37.68 0.139 
S 14 273000 0 0 0 0 0 - 40.49 0.121 
D 13 273000 62848 76710 21456 24369 45825 0.88 40.26 0.149 
S 13 252000 1598 2033 1463 0 1463 - 28.02 0.148 
D 12 231000 39217 48788 17328 13017 30345 1.33 37.80 0.144 
S 12 231000 0 0 0 0 0 - 24.38 0.115 
D 11 210000 54022 43391 7658 24324 31982 0.31 26.29 0.165 
S 11 210000 77799 55215 26947 16105 43053 1.67 22.03 0.167 
D 10 189000 41511 35230 14907 12836 27743 1.16 21.25 0.150 
S 10 189000 0 0 0 0 0 - 16.07 0.112 
D 9 168000 117065 53363 21005 19977 40982 1.05 23.20 0.166 
S 9 168000 0 0 0 0 0 - 25.59 0.110 
D 8 147000 52728 33096 15088 12665 27753 1.19 16.14 0.173 
S 8 147000 0 0 0 0 0 - 13.67 0.150 
D 7 126000 124783 50841 15618 27358 42977 0.57 15.47 0.144 
S 7 126000 609 284 115 115 230 1.00 18.82 0.172 
D 6 105000 109467 44065 18243 17761 36004 1.03 18.29 0.105 
S 6 105000 293 173 0 122 122 <1 29.35 0.178 
D 5 84000 89435 66214 17864 18447 36311 0.97 45.16 0.111 
S 5 84000 478 306 117 117 234 1.00 23.64 0.154 
D 4 63000 45446 34871 13299 10000 23299 1.33 33.19 0.118 
S 4 63000 0 0 0 0 0 - 30.59 0.070 
D 3 42000 0 0 0 0 0 - 34.48 0.083 
D 2 21000 0 0 0 0 0 - 28.94 0.058 
S 2 21000 190 169 0 120 120 <1 29.20 0.166 
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TABLE 3. — Number of nassellarians, spumellarians and radiolarians per gram bulk sediment and S/N ratio for each of the samples of 
diatomite D7. Cycle 7 is 84.9 cm thick, with the diatomite and claystone lithologies making up 46.9 and 38 cm, respectively. 

Sample Distance f r o m base Years f r o m base Number of Spum/Nass 
Number (cm) (%) cycle sect ion Spum/g Nass/g Rads/g ratio 

F97- Dia 7.28 84.9 1.000 21000 147000 13686 21773 35459 0.63 
F97- Dia 7.27 82.6 0.973 20431 146431 12306 21632 33938 0.57 
F97- Dia 7.26 81.2 0.956 20085 146085 11261 15878 27140 0.71 
F97- Dia 7.25 79.7 0.939 19714 145714 13445 20483 33929 0.66 
F97- Dia 7.24 78.2 0.921 19343 145343 17670 24537 42207 0.72 
F97- Dia 7.23 76.0 0.895 18799 144799 19434 29434 48868 0.66 
F97- Dia 7.22 75.1 0.885 18576 144576 14175 18986 33162 0.75 
F97- Dia 7.21 73.0 0.860 18057 144057 14725 29126 43851 0.51 
F97- Dia 7.20 72.1 0.849 17834 143834 15123 30435 45558 0.50 
F97- Dia 7.19 70.3 0.828 17389 143389 15570 26023 41594 0.60 
F97- Dia 7.18 68.0 0.801 16820 142820 18945 34892 53837 0.54 
F97- Dia 7.17 66.5 0.783 16449 142449 17131 27888 45020 0.61 
F97- Dia 7.16 64.8 0.763 16028 142028 27557 33239 60795 0.83 
F97- Dia 7.15 63.1 0.743 15608 141608 25047 36622 61670 0.68 
F97- Dia 7.14 61.4 0.723 15187 141187 16997 23597 40594 0.72 
F97- Dia 7.13 60.4 0.711 14940 140940 24356 33262 57618 0.73 
F97- Dia 7.12 59.0 0.695 14594 140594 29529 37059 66588 0.80 
F97- Dia 7.11 57.5 0.677 14223 140223 29266 41253 70518 0.71 
F97- Dia 7.10 56.0 0.660 13852 139852 21444 34914 56358 0.61 
F97- Dia 7.9 54.4 0.641 13456 139456 14881 25794 40675 0.58 
F97- Dia 7.8 52.7 0.621 13035 139035 18472 35694 54167 0.52 
F97- Dia 7.7 50.2 0.591 12417 138417 17090 39594 56684 0.43 
F97- Dia 7.6 48.3 0.569 11947 137947 25338 52196 77534 0.49 
F97- Dia 7.5 46.5 0.548 11502 137502 30425 33884 64308 0.90 
F97- Dia 7.4 44.8 0.528 11081 137081 28993 24029 53022 1.21 
F97- Dia 7.3 43.0 0.506 10636 136636 72072 45195 117267 1.59 
F97- Dia 7.2 41.3 0.486 10216 136216 38832 60745 99577 0.64 
F97- Dia 7.1 39.6 0.466 9795 135795 49799 36419 86217 1.37 
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TABLE 4. — Number of nassellarians, spumellarians and radiolahans per gram bulk sediment and S/N ratio for each of the samples of 
diatomite D21 . Cycle 21 is 74 cm thick, with the diatomite and claystone lithologies making up 64 and 10 cm, respectively. 

Sample Distance f rom base Years f rom base Number of Spum/Nass 
Number (cm) (%) cycle sect ion Spum/g Nass/g Rads/g ratio 

F95- Dia21.0 74.0 1.000 21000 420000 16311 26866 43177 0.61 
F95- Dia21.1 73.0 0.986 20716 419716 15772 24497 40268 0.64 
F95- Dia21.2 72.0 0.973 20432 419432 15846 24311 40157 0.65 
F95- Dia21.3 71.0 0.959 20149 419149 21343 27655 48998 0.77 
F95- Dia21.4 70.0 0.946 19865 418865 22346 17318 39665 1.29 
F95- Dia21.5 69.0 0.932 19581 418581 15962 21009 36972 0.76 
F95- Dia21.6 68.0 0.919 19297 418297 13426 23495 36921 0.57 
F95- Dia21.7 67.0 0.905 19014 418014 16762 19810 36571 0.85 
F95- Dia 21.8 66.0 0.892 18730 417730 11816 24378 36194 0.48 
F95- Dia21.9 65.0 0.878 18446 417446 18607 16895 35502 1.10 
F95- Dia 21.10 64.0 0.865 18162 417162 15256 22692 37949 0.67 
F95- Dia 21.11 63.0 0.851 17878 416878 16951 19723 36674 0.86 
F95- Dia 21.12 62.0 0.838 17595 416595 10808 17795 28603 0.61 
F95- Dia 21.13 61.0 0.824 17311 416311 17584 21292 38876 0.83 
F95- Dia 21.14 59.5 0.804 16885 415885 10758 23182 33939 0.46 
F95- Dia 21.15 58.0 0.784 16459 415459 11364 23529 34893 0.48 
F95- Dia 21.16 56.5 0.764 16034 415034 16412 23282 39695 0.70 
F95- Dia 21.17 55.0 0.743 15608 414608 11944 25833 37778 0.46 
F95- Dia 21.18 53.5 0.723 15182 414182 10976 23018 33994 0.48 
F95- Dia 21.19 52.0 0.703 14757 413757 8411 19938 28349 0.42 
F95- Dia 21.20 50.5 0.682 14331 413331 12791 33866 46657 0.38 
F95- Dia 21.21 49.0 0.662 13905 412905 12431 27901 40331 0.45 
F95- Dia 21.22 47.5 0.642 13480 412480 14480 20916 35396 0.69 
F95- Dia 21.23 46.0 0.622 13054 412054 10853 21318 32171 0.51 
F95- Dia 21.24 44.5 0.601 12628 411628 11887 22304 34191 0.53 
F95- Dia 21.25 43.0 0.581 12203 411203 15833 27024 42857 0.59 
F95- Dia 21.26 41.5 0.561 11777 410777 13523 13295 26818 1.02 
F95- Dia 21.27 40.0 0.541 11351 410351 12529 14988 27518 0.84 
F95- Dia 21.28 38.5 0.520 10926 409926 10684 13355 24038 0.80 
F95- Dia 21.29 37.0 0.500 10500 409500 10462 14402 24864 0.73 
F95- Dia 21.30 35.5 0.480 10074 409074 14321 18272 32593 0.78 
F95- Dia 21.31 34.0 0.459 9649 408649 13921 16241 30162 0.86 
F95- Dia 21.32 32.5 0.439 9223 408223 13079 16898 29977 0.77 
F95- Dia 21.33 31.0 0.419 8797 407797 13270 14692 27962 0.90 
F95- Dia 21.34 29.5 0.399 8372 407372 16085 22569 38653 0.71 
F95- Dia 21.35 28.0 0.378 7946 406946 15179 13616 28795 1.11 
F95- Dia 21.36 26.5 0.358 7520 406520 19036 21687 40723 0.88 
F95- Dia 21.37 25.0 0.338 7095 406095 15556 14198 29753 1.10 
F95- Dia 21.38 23.5 0.318 6669 405669 18750 17428 36178 1.08 
F95- Dia 21.39 22.0 0.297 6243 405243 18810 19881 38690 0.95 
F95- Dia 21.40 20.5 0.277 5818 404818 35455 21932 57386 1.62 
F95- Dia 21.41 19.0 0.257 5392 404392 30383 26077 56459 1.17 
F95- Dia 21.42 17.5 0.236 4966 403966 34852 23517 58369 1.48 
F95- Dia 21.43 16.0 0.216 4541 403541 34709 14071 48780 2.47 
F95- Dia 21.44 14.5 0.196 4115 403115 46758 29371 76130 1.59 
F95- Dia 21.45 13.0 0.176 3689 402689 44615 41868 86484 1.07 
F95- Dia 21.46 11.5 0.155 3264 402264 48364 42545 90909 1.14 
F95- Dia 21.47 10.0 0.135 2838 401838 41189 72687 113877 0.57 
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TABLE 5. — Number of nassellarians, spumellarians and radiolarians per gram bulk sediment and S/N ratio for each of the samples of 
diatomite D28. Cycle 28 is 95.7 cm thick, with the diatomite and claystone lithologies making up 49.7 and 46 cm, respectively. 

Sample Distance f r o m base Years f r o m base Number of Spum/Nass 
Number (cm) (%) cycle sect ion Spum/g Nass/g Rads/g ratio 

F97- Dia 28.36 95.7 1.000 21000 588000 6911 256 7167 27.00 
F97- Dia 28.35 94.2 0.984 20671 587671 5876 100 5976 59.00 
F97- Dia 28.34 92.5 0.967 20298 587298 5753 105 5858 55.00 
F97- Dia 28.33 91.1 0.952 19991 586991 3035 160 3195 19.00 
F97- Dia 28.32 89.9 0.939 19727 586727 4006 148 4154 27.00 
F97- Dia 28.31 88.8 0.928 19486 586486 3482 418 3900 8.33 
F97- Dia 28.30 87.6 0.915 19223 586223 5307 83 5390 64.00 
F97- Dia 28.29 85.5 0.893 18762 585762 3765 235 4000 16.00 
F97- Dia 28.28 84.0 0.878 18433 585433 3282 290 3571 11.33 
F97- Dia 28.27 82.3 0.860 18060 585060 4340 362 4702 12.00 
F97- Dia 28.26 80.6 0.842 17687 584687 3623 580 4203 6.25 
F97- Dia 28.25 79.4 0.830 17423 584423 4364 285 4649 15.33 
F97- Dia 28.24 77.7 0.812 17050 584050 3583 489 4072 7.33 
F97- Dia 28.23 76.7 0.801 16831 583831 2490 1452 3942 1.71 
F97- Dia 28.22 75.7 0.791 16611 583611 5724 818 6542 7.00 
F97- Dia 28.21 74.3 0.776 16304 583304 5889 1501 7390 3.92 
F97- Dia 28.20 73.0 0.763 16019 583019 8918 2778 11696 3.21 
F97- Dia 28.19B 72.0 0.752 15799 582799 3101 1163 4264 2.67 
F97- Dia 28.19A 70.8 0.740 15536 582536 6393 2295 8689 2.79 
F97- Dia 28.18 69.8 0.729 15317 582317 5938 3438 9375 1.73 
F97- Dia 28.17 68.7 0.718 15075 582075 7943 3010 10953 2.64 
F97- Dia 28.16 67.4 0.704 14790 581790 7177 3589 10766 2.00 
F97- Dia 28.15 66.3 0.693 14549 581549 6377 3050 9427 2.09 
F97- Dia 28.14 64.9 0.678 14241 581241 8701 3016 11717 2.88 
F97- Dia 28.13 63.7 0.666 13978 580978 12808 4803 17611 2.67 
F97- Dia 28.12 62.5 0.653 13715 580715 19118 5042 24160 3.79 
F97- Dia 28.11 61.5 0.643 13495 580495 21261 6944 28205 3.06 
F97- Dia 28.10 60.4 0.631 13254 580254 18448 4580 23028 4.03 
F97- Dia 28.9 58.5 0.611 12837 579837 17108 11153 28261 1.53 
F97- Dia 28.8 57.2 0.598 12552 579552 18689 8611 27299 2.17 
F97- Dia 28.7 55.9 0.584 12266 579266 33293 15865 49159 2.10 
F97- Dia 28.6 54.7 0.572 12003 579003 36830 18192 55022 2.02 
F97- Dia 28.5 53.3 0.557 11696 578696 27660 13032 40691 2.12 
F97- Dia 28.4 52.2 0.545 11455 578455 41333 10917 52250 3.79 
F97- Dia 28.3 50.5 0.528 11082 578082 42285 12725 55010 3.32 
F97- Dia 28.2 49.1 0.513 10774 577774 35327 8323 43650 4.24 
F97- Dia 28.1 47.1 0.492 10335 577335 41444 10444 51889 3.97 
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TABLE 6. — Varimax Factor Components Matrix (Samples vs Factors). 

Samples Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 

D36 0.082 0.724 0.078 -0.016 0.418 0.398 0.049 0.059 0.074 
D35 0.007 0.149 0.009 -0.011 -0.003 0.904 -0.003 -0.011 -0.004 
D34 0.858 0.175 0.092 -0.011 -0.079 -0.034 -0.001 0.425 -0.036 
D33 0.043 0.423 0.048 -0.013 0.883 -0.021 0.092 -0.035 -0.003 
D32 0.089 0.842 0.092 -0.029 6.489 0.044 0.091 0.042 0.093 
D31 0.505 0.785 0.134 -0.025 0.223 0.048 0.021 -0.155 0.157 
D30 0.111 0.894 0.108 0.247 -0.140 0.109 0.001 0.131 0.033 
D29 0.115 0.863 0.043 -0.052 -0.113 -0.113 0.005 0.403 I -0.010 
D28 0.207 0.672 0.032 -0.062 0.024 -0.229 0.026 -0.281 -0.233 
D27 0.122 0.901 0.124 0.003 -0.086 0.247 0.043 -0.094 0.031 
D26 0.158 0.793 0.063 0.274 0.271 0.050 0.053 0.427 -0.011 
D21 0.623 0.255 0.066 -0.011 -0.043 0.018 0.083 -0.003 0.708 
S21 0.008 0.074 0.010 -0.001 0.086 0.005 0.993 0.003 0.034 
D20 0.133 0.832 0.121 -0.026 0.263 0.052 0.048 -0.41!} ] 0.035 
D19 0.976 0.141 0.120 -0.007 -0.013 0.000 0.010 -0.084 -0.073 
D18 0.981 0.036 0.124 0.005 -0.036 0.045 0.009 -0.072 -0.003 
S18 0.964 0.099 0.133 0.004 0.024 0.043 0.046 -0.109 -0.016 
D17 0.958 0.197 0.138 -0.007 0.040 -0.001 0.027 -0.115 -0.035 
D16 0.226 0.097 0.965 0.005 0.049 0.012 0.003 -0.070 0.009 
S16 0.039 0.045 0.004 0.997 0.004 -0.017 0.000 0.000 -0.005 
D15 0.695 -0.105 0.698 0.005 0.068 0.000 0.006 0.083 0.022 
D13 0.978 0.059 0.108 0.011 0.118 0.037 0.016 0.070 0.079 
S13 0.002 0.050 -0.005 

0.997 I 
0.004 -0.013 0.007 0.009 -0.006 

D12 0.022 0.508 0.807 -0.005 -0.146 0.001 0.002 -0.087 0.139 
D11 0.633 -0.109 0.755 0.004 0.024 -0.011 0.005 0.079 -0.026 
S11 0.960 0.030 0.101 0.074 0.182 0.072 0.013 0.098 -0.002 
D10 -0.069 0.115 0.982 — 0.000 0.109 -0.011 0.001 -0.021 0.018 
D9 0.870 0.259 0.110 -0.010 0.010 0.013 0.011 -0.045 0.398 
D8 0.121 0.800 0.065 -0.041 0.171 -0.112 0.019 -0.008 0.499 
D7 0.984 0.112 0.122 -0.005 0.053 0.008 0.014 0.012 0.014 
D6 0.934 0.226 0.116 -0.012 -0.043 -0.023 0.011 -0.115 0.200 
D5 0.448 0.113 0.876 0.001 0.052 0.021 0.017 0.116 0.038 
D4 0.876 0.206 0.321 -0.004 0.111 0.082 0.042 0.176 0.079 

Var. 35,414 22,699 14,255 6,486 4,792 3,507 3,110 2,951 3,304 
Cum. Var. 35,414 58,113 72,368 78,854 83,646 87,153 90,263 93,215 96,519 

TABLE 7. — Scaled Varimax Factor Scores Matrix (Species vs Factor Scores). Absolute values of factor scores higher than one have 
been outlined. 

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 

Anthocyrtidium ehrenbergi -0.037 -0.048 0.000 0.011 -0.262 -0.014 3.111 0.018 0.065 
Botryostrobus auritus/australis 0.183 0.264 -0.088 -0.058 -0.209 -0.488 -0.030 -0.300 3.360 
Carpocanistrum sp. 0.000 0.060 0.005 -0.002 0.309 0.012 1.819 0.036 -0.073 
Cenosphaera sp. 2 -0.005 -0.024 -0.012 -0.016 -0.164 1.939 -0.014 -0.197 -0.016 
Didymocyrtis sp. 0.006 0.147 -0.031 3.595 0.013 -0.065 -0.010 0.020 -0.026 
Larcoidea sp. 0.169 2.160 0.198 0.002 -0.220 1.116 0.046 0.705 0.465 
Lithomelissa sp. cf. L. setosa 0.266 1.239 -0.136 -0.224 -0.599 -1.082 0.003 -0.767 -1.197 
Lithomitra sp. cf. L lineata -0.376 -0.307 3.547 0.022 -0.010 -0.093 -0.009 0.176 0.034 
Porodiscus sp. 0.068 1.282 0.151 -0.077 3.249 -0.164 0.059 -0.349 -0.027 
Spongotrochus glacialislosculosa 0.085 1.472 0.051 -0.102 -0.724 -0.602 -0.068 2.540 -0.168 
Stichocorys delmontensls \ 3.535 -0.509 0.316 0.018 0.161 0.099 0.032 6.298 -0.087 
Theocapsa ? eretica -0.050 0.095 -0.014 -0.033 -0.046 2.484 -0.021 0.029 -0.095 
Trissocyclidae sp. 0.459 1.591 0.473 0.018 - 1 . 1 1 8 - -0.002 -0.009 -2.256 -0.089 

622 GEODIVERSITAS • 1999 • 21 (4) 



Radiolarians from the cyclic Messinian diaromires of Sicily 

TABLE 8. — Factor component peaks (values higher than 0.400) used to establish the most important "radiolarian factor peaks" throu­
ghout the section. The peaks are coded as X.Y, where X represents the factor number and Y represents a reference number for the 
"factor peaks", arranged in an ascending order from base to top of the section. 

Factor Factor Sapropel Diatomite Astro . Tr ipol i 
Samples Peaks Component Age (Ma) Age (Ma) ages Cycles 

D36 2.12 0.724 6.183 
S36 6.194 6.132 T43 
D35 6.1 0.904 6.204 
S35 6.215 6.145 T42 
D34 1.16 

8.4 
0.858 
0.425 

6.225 

S34 6.236 6.164 T41 
D33 2.11 

5.2 
0.423 
0.883 

6.246 

S33 6.257 6.184 T40 
D32 2.10 

5.1 
0.842 
0.489 

6.267 

S32 6.278 6.205 T39 
D31 1.15 

2.9 
0.505 
0.785 

6.288 

S31 6.299 6.226 T38 
D30 2.8 0.894 6.309 
S30 6.320 6.257 T37 
D29 2.7 

8.3 
0.863 
0.403 

6.331 

S29 6.342 6.278 T36 
D28 2.6 0.672 6.352 
S28 6.363 6.299 T35 
D27 2.5 0.901 6.373 
S27 6.384 6.320 T34 
D26 2.4 

8.2 
0.793 
0.427 

6.394 

S26 6.405 6.342 T33 
D26 
S25 * T32 
D24 
S24 6.373 T31 
D23 
S23 6.393 T30 
D22 
S22 6.413 T29 
D21 1.14 

9.2 
0.623 
0.708 

6.499 

S21 7.1 0.993 6.510 6.432 T28 
D20 2.3 

8.1 
0.832 
-0.419 

6.520 

S20 6.531 6.452 T27 
D19 1.13 0.976 6.541 
S19 6.552 6.470 T26 
D18 1.12 0.981 6.562 
S18 1.11 0.964 6.572 6.490 T25 
D17 1.10 0.958 6.583 
S17 6.594 6.509 T24 
D16 3.6 0.965 6.604 
S16 4.2 0.997 6.614 6.524 T23 
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Factor Factor Sapropel Diatomite Ast ro . Tr ipol i 
Samples Peaks Component Age (Ma) Age (Ma) ages Cycles 

D15 1.9 
3.5 

0.695 
0.698 

6.625 

S15 6.636 6.544 T22 
D14 
S14 6.563 T21 
D13 1.8 0.978 6.667 
S13 4.1 0.997 6.678 6.585 T20 
D12 2.2 

3.4 
0.508 
0.807 

6.688 

S12 6.699 6.606 T19 
D11 1.7 

3.3 
0.633 
0.755 

6.709 

S11 1.6 0.960 6.719 6.635 T18 
D10 3.2 0.982 6.730 
S10 6.741 6.657 T17 
D9 1.5 0.870 6.751 
S9 6.762 6.678 T16 
D8 2.1 

9.1 
0.800 
0.499 

6.772 

S8 6.783 6.699 T15 
D7 1.4 0.984 6.793 
S7 6.804 6.721 T14 
D6 1.3 0.934 6.814 
S6 6.825 6.752 T13 
D5 1.2 

3.1 
0.448 
0.876 

6.835 

S5 6.846 6.771 T12 
D4 1.1 0.876 6.856 
S4 6.867 6.792 T11 
D3 6.877 
S3 6.888 6.810 T10 
D2 6.898 
S2 6.909 6.829 T9 
D1 6.919 
S1 6.930 6.847 T8 
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