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ABSTRACT 

A critical re-evaluation of the Miocene/Pliocene (M/P)  boundary as defined--informally--in the Mediterranean is 
presented. We show that ages reported earlier for this boundary (ranging from 4.81 to 4.93 Ma) do not imply any 
diachroneity of the basal Zanclean lithohorizon which reflects the Pliocene flooding of the Mediterranean and defines the 
M / P  boundary. These ages most likely represent an artefact resulting from intraformational variations in sedimentation rate 
and inconsistent interpretation of coluor variations in terms of sedimentary cycles. The best estimate for the age of this 
boundary arrives at 4.86 Ma if the conventional geomagnetic polarity time scale (GPTS) of Berggren et al. [1] is used, and at 
5.16 Ma if the new GPTS of Cande and Kent [2] is used. An age of 5.32 Ma is obtained if the astronomically calibrated time 
scale of Hilgen [3] is adhered to. 

Because of its presumably global paleoclimatological significance, the M / P  boundary as currently defined in the 
Mediterranean is preferred to a redefinition of this boundary at the Gilbert/Chron 5 boundary in a continuous open-marine 
sequence outside the Mediterranean. In addition, this redefinition would lead to unnecessary confusion in global 
chronostratigraphy. 

I. Introduction 

The Miocene/Pliocene boundary and the base 
of the Zanclean Stage are at present informally 
defined at the base of the Trubi marl Formation 
in the Capo Rossello section located in southern 
Sicily [4,5]. This distinct lithohorizon reflects the 
re-establishment of open-marine conditions in the 
Mediterranean following the Messinian salinity 
crisis at the beginning of the Pliocene [6]. Accu- 
rate, first-order age estimates for this horizon 
have been obtained from several sections other 
than Capo Rossello and range from 4.81 to 4.93 
Ma [7-9]. All these ages are based on the 
straightforward calibration of magnetostrati- 
graphic records to the geomagnetic polarity time 
scale (GPTS) of Berggren et al. ([1], BKFV85) in 
combination with a downward extrapolation of 
the sediment accumulation rate and/or  the aver- 
age duration of sedimentary cycles. Despite the 
small age uncertainty and the fact that the 
boundary proved to be invariably positioned 

slightly below the base of the Thvera subchron, 
two fundamental questions remain to be solved: 
firstly, were open-marine conditions restored in- 
stantaneously, or diachronously as proposed by 
McKenzie et al. [10]?, and secondly, what is the 
actual age of the M / P  boundary? The small 
differences in the reported ages could indeed 
suggest that the basal Zanclean lithohorizon-- 
both in Sicily and in adjacent southern Calabria 
corresponding to the base of the Trubi marls--is 
diachronous. 

Initial age estimates of 4.83 and 4.84 Ma for 
the base of the Trubi in southern Calabria [7] 
were shown to be slightly too young due to a 
reduction of the sedimentation rate in the basal 
part of the Trubi. The actual age proved to be 
4.86 Ma, exactly the same as found for the base 
of the Trubi Formation at Eraclea Minoa in Sicily 
[8]. This age was obtained by downward extrapo- 
lation of the average periodicity of approximately 
19 kyr for CaCO 3 ('limestone-marl') cycles from 
the lower Thvera reversal boundary to the base of 
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the Trubi. On the basis of high-resolution bio- 
stratigraphic and cyclostratigraphic correlations, 
the same age could also be inferred for this 
lithohorizon at Capo Rossello, and hence for the 
M / P  boundary and base of the Zanclean Stage 
[8]. 

An age of 4.93 Ma was found for the base of 
the Trubi at Capo Spartivento in southern Cal- 
abria [9]. This age was obtained in the same way 
as our age estimate of 4.86 Ma. The reported 
number of eight pre-Thvera cycles in the Capo 
Spartivento section, however, does not agree with 
the number of five cycles that we found in other 
Trubi sections, including the proposed boundary 
stratotype at Capo Rossello [8]. This difference in 
the number of pre-Thvera cycles almost entirely 
accounts for the age discrepancy of 70 kyr for the 
M / P  boundary (the remaining 10 kyr results from 
Channell et al.'s preference for an age of 4.78 
instead of 4.77 Ma for the lower Thvera reversal 
boundary). Since these sedimentary cycles are 
clearly related to the astronomical cycle of pre- 
cession (see [3] and references cited therein), the 
various sections should contain the same number 
of cycles unless the base of the Trubi is time- 
transgressive or tectonically disturbed. But evi- 
dence pointing to syn-sedimentary slumping or 
post-depositional tectonic erosion has not been 
observed in the majority of our sections. 

We therefore decided to study the Capo 
Spartivento section of Channell et al. [9] to find 
out whether the sedimentation of the Trubi 
started earlier at Capo Spartivento than in the 
sections we studied. In addition, we sampled the 
Buonfornello section in northern Sicily to obtain 
an accurate age estimate for the base of the 
Pliocene in the Tyrrhenian domain. The syn- 
chroneity of this basal Zanclean lithohorizon and 
the age of the M / P  boundary will be discussed 
on the basis of the new results from these sec- 
tions as well as on the basis of published results 
from other sections. This discussion is especially 
relevant in view of the recently advanced pro- 
posal to redefine the M / P  boundary outside the 
Mediterranean [11], the publication of a new 
GPTS ([2], CK92) and the establishment of an 
astronomically calibrated (polarity) time scale 
(A(P)TS) for the entire Pliocene and early Pleis- 
tocene [3,12,13]. 

2. The synchroneity of the basal Zanclean litho- 
horizon 

We have drawn a distinction between Tyrrhe- 
nian and western Ionian domains. We will first 
discuss the Ionian domain, because both the Capo 
Spartivento section of Channell et al. [9] and our 
previously studied sections of Singa and Roccella 
in Calabria [7] and of Eraclea Minoa and Capo 
Rossello in southern Sicily [8] are located in this 
area (Fig. 1). 

2.1 Ionian domain 

The Capo Spartivento section of Channell et 
al. [9] is located along the SS 106 coastal road 5 
km west of Capo Spartivento (Fig. 1), 65 km 
southwest of the Singa and Roccella sections 
studied by Zijderveld et al. [7]. We have estab- 
lished an integrated magnetostratigraphy (exam- 
ples of thermal demagnetisation diagrams are 
shown in Fig. 2), planktonic foraminiferal bios- 
tratigraphy and lithostratigraphy for this section. 
Our results are presented in Fig. 3 and compared 
with similar results from Eraclea Minoa in Sicily. 

This comparison reveals that, despite the tec- 
tonic deformation at Capo Spartivento (see cap- 
tion to Fig. 3), the same lithological succession of 
the Trubi can be recognised and that both geo- 
magnetic reversal boundaries and biostratigraphic 
events are located in exactly the same sedimen- 
tary cycle--as  numbered from the base of the 
Trub i - - in  both sections (Fig. 3). Most impor- 
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Fig. 1. Location map of the sections used in this paper. 
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tantly, our results indicate that the lower Thvera 
reversal boundary is positioned between the fifth 
and sixth sedimentary cycle of the Trubi and not 
between cycles 8 and 9 as suggested by Channell 
et al. [9]. Consequently, no difference is found in 
the number of pre-Thvera cycles between this 
section and other sections of the Trubi. Appar- 
ently, the discrepancy in the observed number of 
pre-Thvera cycles at Capo Spartivento (and hence 
in the age for the base of the Trubi) between our 
study and that of Channell et al. [9] represents an 
artefact which originates from a different inter- 
pretation of colour variations in terms of sedi- 
mentary cycles. 

Sedimentary cycles in the Trubi northeast of 
Capo Spartivento consist of an indurated, whitish, 
CaCO3-rich marl bed and a softer, grey, CaCO 3- 
poor marl bed [7,14]. In Sicily, however, the 

whitish part of these sedimentary cycles usually 
contains an additional, beige CaCO3-poor layer 
[14]. Although less distinct, these beige layers can 
also be recognized in the majority of the sedi- 
mentary cycles at Capo Spartivento. They have 
been included by Channell et al. [9] in their white 
('limestone') beds. These beige layers can in gen- 
eral easily be distinguished from the pronounced 
grey layers, except in the basal part of the sec- 
tion. In the corresponding basal part of the Trubi 
in Sicily, four beige layers can easily be identified 
(Fig. 3, the beige layers of our sedimentary cycles 
1, 2, 4 and 6). Careful observation reveals that 
these beige layers are also present at Capo 
Spartivento (Fig. 3). Channell et al. [9] most likely 
interpreted these four beige layers as grey ones 
(Fig. 4). As a consequence, the Trubi at Capo 
Spartivento contains five instead of eight pre- 

CP 3.02A 
500 up/W 

j ,  

- o . . .  15o 0 = 0 7 9  

200 '% 

0.69 ]1.75 [ 
BF 03.1A I 

0 

N 

4.18 5.90 

CP 6.03A 
upAV 

5S 

2O6 
1510 = 036  

BF 06.2A 
upAV 

~ 4 3  1450 - 0.0. 
3OO 

N 

CP 12.03 
up/W 

15t 0 = 1.3l 
420 

200 

3.62 100 ~ 

BF 09.1A 
up~V 

% 58O 

151 o = 013 

7,62 

Fig. 2. Thermal  demagnetisat ion diagrams of specimens from Capo Spartivento (CP) and Buonfornello (BF). Solid symbols denote 
projection on the horizontal plane, open smbols on the vertical plane; numbers  refer to demagnetisat ion temperatures .  The  
intensity at 510°C (or the nearest  step to it) is given. The  stratigraphic levels are printed at the bot tom left. Even if intensities are 
low (BF 03.1A and BF 06.2A) or the secondary overprint very large (CP 6.03A), the polar i ty- - i f  not always the d i rec t ion- -can  be 
unambiguously established. In general, demagnetisat ion characteristics are very similar to those found in other Trubi sections 

[cf. 49], including occasionally high (up to 620°C, CP 12.03) maximum unblocking temperatures .  
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Thvera cycles. This sets the age for the base of 
the Trubi and hence the M / P  boundary in this 
section at 4.86 Ma. This is exactly the same age as 
found in other Trubi sections, both in Sicily and 
in Calabria. In conclusion, the age of the basal 
Zanclean lithohorizon in the western Ionian do- 
main is 4.86 Ma. 

2.2 Tyrrhenian domain 

We initially focused our attention on ODP Leg 
107, which was dedicated entirely to the study of 
the Tyrrhenian Basin [15]. Of all the sites that 
penetrated the Miocene, only Site 652 contains 
an apparently complete basal Pliocene succession 
[16]. A first approximation of 4.85 + 0.01 Ma for 
the age of the basal Pliocene lithohorizon at this 
site is obtained by downward extrapolation of the 
Thvera sedimentation rate [17]. Unfortunately, 
there is no distinct cyclic bedding to constrain 
this age more precisely and to prove whether 
open-marine conditions were restored syn- 
chronously in the Tyrrhenian and Ionian realm. 
Nevertheless, the 40 cm thick transitional interval 
at Site 652 corresponds [15,16] remarkably well to 
a similar and equally thick interval at Eraclea 
Minoa (described in detail by Brolsma [18] and 
confirmed by our own field observations). 

We incorporated the Buonfornello section in 
this study to determine whether there is a 
Tyrrheno-Ionian synchroneity of the basal 
Pliocene lithohorizon. The Buonfornello section 
is located in northern Sicily (Fig. 1) and consists 

of several subsections exposed along the River 
Imera [5,19,20]. We have sampled only the lower- 
most subsection (Buonfornello 1 of de Visser 
[20]). In this section, basal Pliocene sediments of 
the Trubi sharply overlie sands and fine conglom- 
erates of the Messinian. These Trubi marls were 
deposited in a small subbasin of the larger Cefalu 
Basin located along the northern margin of the 
Calabro-Sicilian Arc. This basin started to de- 
velop during the (late) Tortonian and was con- 
stantly part of the (proto-)Tyrrhenian realm [21- 
24]. 

The recognition of the characteristic cycle pat- 
tern at Buonfornello demonstrates that, here too, 
the basal part of the Trubi is as complete as in 
the other Trubi sections (Figs. 5 and 6). This is 
confirmed both by biostratigraphic data--show- 
ing that the characteristic interval preceding the 
Sphaeroidinellopsis acme s.s. is present--and by 
magnetostratigraphic data--revealing a polarity 
transition from reversed to normal between the 
fifth and sixth sedimentary cycle (Figs. 2, 5 and 
6). 

3. Age of the M / P  boundary 

3.1 Conventional age 

Summarising, the basal Zanclean lithohorizon 
has exactly the same age--4.86 Ma--in the 
Tyrrhenian and in the western Ionian domain of 
the Mediterranean, implying that open-marine 
conditions were restored simultaneously in these 

Fig. 3. Magnetostratigraphy, biostratigraphy and lithostratigraphy of the Trubi in the Capo Spartivento and Eraclea Minoa sections. 
The Trubi at Capo Spartivento is tectonically disturbed but this deformation (shear planes in grey layers) has not been indicated. 
Stratigraphic data from Eraclea Minoa are based on Hilgen and Langereis [8]. Thermal demagnetization of the Trubi at Capo 
Spartivento gives essentially the same results as given by Channell et al. [9]. Declination and inclination of ChRM show 
considerable scatter in several intervals due to a large secondary overprint: reversed polarity components are sometimes only 
revealed at temperatures higher than 450-500°C. Nevertheless, the polarity and hence the magnetostratigraphy is well defined. 
Moreover, the polarity reversals are located in exactly the same sedimentary cycles as found earlier in other Trubi sections [7,8,50]. 
The two normal polarity intervals shown represent the Thvera and Sidufjall Subchrons [see 7] and the position of the upper Thvera 
reversal boundary at Eraclea Minoa has been slightly revised based on new data [51]. The upper Thvera boundary is now 
pinpointed in the lower part of cycle 16 and the lower Thvera at the transition from cycle 5 to cycle 6. The intermediate directions 
initially observed within cycle 15 are now interpreted as a sedimentary artefact resulting from delayed acquisition of remanent 
magnetisation [51]. Sedimentary cycles have been numbered from the base of the Trubi upward [after 52]. Cycle 21 clearly is a 
double cycle at Capo Spartivento. This observation accords with previous suggestions [3,52]. Semi-quantitative faunal data are 
based on surveying one picking tray containing 10,000-15,000 specimens. Numbered stratigraphic correlations refer to (1) base 
beige marl of cycle 2, (2) base beige marl of cycle 4, (3) lower Thvera reversal boundary, (4) base beige marl of cycle 6, (5) top of 
cycle 6 and of the Sphaeroidinellopsis acme, (6) first substantial increase in G. margaritae, (7) upper Thvera, (8) top of thin cycle 19, 

(9) lower Sidufjall, (10) upper Sidufjall, and (11) base distinct beige marl of cycle 24. 
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CAPO SPARTIVENTO SECTION 
Channell et al., 1988 Channell eL al., 1988 (emend.)  
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Fig. 4. Magnetostratigraphy and cyclostratigraphy of the Capo Spartivento section according to Channell et al. ([9], log A) and this 
study (log C). In log B, the cyclostratigraphy of Channell et al. [9] has been amended to match our observations, assuming that they 

misinterpreted the beige-coloured layers of cycles 1, 2, 4, 6 and 21 as grey layers. 
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Fig. 5. Magnetostrat igraphy, biostratigraphy and cyclostratigraphy of the Buonfornello section in northern Sicily. See caption to 
Fig. 3. 

areas at the beginning of the Pliocene. This age is 
obtained by extrapolating the average periodicity 
of 18.9 kyr of the CaCO 3 cycles from the lower 
Thvera reversal boundary with an age of 4.77 Ma 
- - i n  BKFV85- -down to the base of the Trubi [8]. 
Based on the detailed lower Thvera reversal 
record from Eraclea Minoa [25], we presently 
prefer to use 5 instead of the 4.66 pre-Thvera 
cycles used by Hilgen and Langereis [8]. 

But a new GPTS has recently been established 
based on a new and comprehensive analysis of 
marine magnetic anomaly profiles from the 
world's ocean basins (CK92 of Cande and Kent 
[2]). Application of CK92 results in an age of 5.16 
Ma for the M / P  boundary if the procedure out- 
lined above is followed (average periodicity of 
CaCO 3 cycles is 22.2 kyr according to CK92). The 
main reason for the age difference is the age of 
5.046 Ma for the lower Thvera reversal boundary 
in CK92. The discrepancy between CK92 and 
BKFV85 stems partly from the fact that Cande 
and Kent [2] incorporated an astronomical cali- 
bration point, the Gauss /Matuyma dated at 2.60 
Ma [12,13], in their analysis. 

3.2 Astronomical age 

The M / P  boundary would now seem to be 
very accurately dated because the existing range 
in age es t imates-- f rom 4.81 to 4.93 M a - - f o r  the 
restoration of open-marine conditions in the 
Mediterranean following the Messinian salinity 
crisis has been merged into a single consistent 
age of 4.86 Ma. This age is obtained if the 
BKFV85 time scale is applied, but application of 
CK92 results in an age of 5.16 Ma. Since the 
CaCO 3 cycles in the Trubi have been related 
explicitly to the astronomical cycle of precession 
([3] and references therein), it would at this point 
be more correct to state that the M / P  boundary 
is 5x21 kyr older than the lower Thvera reversal 
boundary, 5 being the number of pre-Thvera cy- 
cles and 21 the average periodicity of the preces- 
sion cycle in kyr. This alternative approach would 
result in M / P  boundary ages of 4.88 instead of 
4.86 Ma, and 5.15 instead of 5.16 Ma if the 
BKFV85 and CK92 scales are taken respectively. 

An astronomically calibrated (polarity) time 
scale has been constructed for the entire Pliocene 
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[3,13]. This time scale is based on the correlation 
of sedimentary cycles in Mediterranean deep-sea 
sequences, including the CaCO 3 cycles of the 
Trubi, to the astronomical solution [26,27]. It 
results in an astronomically calibrated age of 5.32 
Ma for the base of the Trubi and hence for the 
M / P  boundary [3]. This age is supposed to repre- 
sent a more accurate and definitive age for the 
M / P  boundary (as defined by the base of the 
Zanclean) because the astronomical solution is 
considered accurate in the time domain over the 
last 5 myr [26] and the astronomical calibration 
has been independently confirmed in a number 
of extra-Mediterranean sequences [12,28]. 

4. The desirability of redefining the M / P bound- 
ary 

The once controversial chronostratigraphy of 
the M / P  boundary as informally defined at the 
base of the Trubi marls at Capo Rossello has now 
been well established. The best estimates for the 
age of this boundary arrive at 4.86 and 5.16 Ma if 
the BKFV85 and CK92 time scales, respectively, 
are used, and at 5.32 Ma if the astronomically 
calibrated time scale is used. This reduces the 
necessity to redefine the M / P  boundary outside 
the Mediterranean. The most recently advanced 
proposal is that of Benson et al. [11], who suggest 
a level at 32 m in the Ain al Beida section in 
Atlantic Morocco. This specific level coincides 
with the Gi lber t /Chron  5 boundary, probably 
prompted by the common practise of positioning 
the M / P  boundary at or close to this reversal 
before a first and reliable age estimate was estab- 
lished for the M / P  boundary in the Mediter- 
ranean [7]. The main reason for this redefinition 
is that the Capo Rossello section fails to meet  the 
operational requirements of a Global Section 
Boundary Stratotype and Point (GSSP). 

One of the main arguments is that the bound- 
ary is defined at an unconformity which separates 
open-marine Trubi marls from the underlying 
Arenazzolo Formation of latest Messinian age. 
This unconformity has been interpreted as an 
erosional surface [4,5], but no clear evidence for 
the presence of such an unconformity is found at 
Eraclea Minoa. On the contrary: a 30-40 cm 
thick transitional interval suggests that subaquous 
conditions persisted across the M / P  boundary 

and resulted in an apparently continuous sedi- 
mentation [see also 18], although Cita and 
Colombo [29] suggest that this interval represents 
an artefact resulting from burrowing-induced 
mixing of the lithologies. The interpretation of a 
transitional interval is consistent with the lateral 
continuity of the boundary at Eraclea Minoa. It is 
also in agreement with results obtained from ODP 
Leg 107 in the Tyrrhenian, which showed that a 
similar and equally thick transitional interval was 
recovered at the site (Site 652) containing the 
most complete basal Pliocene. This transitional 
interval has been interpreted in the same way [16] 
that we interpret this interval at Eraclea Minoa. 
On the other hand, a distinct unconformity is 
present at the boundary stratotype section of 
Capo Rossello, but we disagree with Cita and 
Gartner  [4] that it represents an erosional sur- 
face. The local contact between Arenazzolo and 
Trubi sediments is tectonically disturbed [30, plate 
2; see also fig. 6 in 4], probably due to gravita- 
tional sliding which affected the sharp lithological 
conatact between the indurated Trubi marls and 
the softer, more clayey sediments of the Arenaz- 
zolo. 

In summary, no indications have been found 
for the presence of an unconformity at the sites 
which provide the most detailed picture of the 
M / P  boundary transition, i.e. ODP Site 652 and 
Eraclea Minoa. A tectonically controlled uncon- 
formity is present at Capo Rossello and this makes 
the Eraclea Minoa section more suitable for 
defining the M / P  boundary than Capo Rossello 
[see also 8]. It also invalidates one of the main 
a rguments - - the  unconformity-- for  redefinition 
of the boundary outside the Mediterranean. 

Other arguments for redefining the M / P  
boundary outside the Mediterranean are that the 
boundary is not positioned in a continuous open- 
marine succession, that it will not permit a pre- 
cise biostratigraphic designation, and that it will 
preclude the recognition of a sequence of events 
directly prior to it [11,31-33]. It is further argued 
that boundary stratotypes should not be tied to 
local events which may not be correlated globally 
[31]. Maintaining the current position of the M / P  
boundary implies that the latest Miocene (Mes- 
sinian) represents an interval which is marked 
both by heavy 6180 values and by high-frequency 
and high-amplitude variations in 6180 [34-38]. 



176 F.J. H I L G E N  A N D  C.G. L A N G E R E I S  

This pattern has been related to a series of rather 
well-defined glacial-interglacial cycles preceding 
a prolonged period of warmer conditions in the 
early Pliocene. The last full glacial maximum of 
this series of latest Miocene ice volume changes 
has been dated at approximately 4.9 Ma [35,37,38] 
and is accompanied by a glacioeustatic sea-level 
lowering of at least 60 m [37]. 

Many authors presently favour a causal con- 
nection between global glacioeustatic sea-level 
changes and sequence stratigraphic events in the 
Mediterranean Messinian, but the exact time- 
stratigraphic correlations are still a matter of 
debate [e.g., 35,38]. In this view, the accurate 
conventional dating of the basal Zanclean litho- 
horizon at 4.86 Ma indeed suggests that the re- 
establishment of open-marine conditions in the 
Mediterranean is coincident with the termination 
of the last full glacial maximum of Messinian 
affinity and that the accompanying rise in sea 
level is at least partly responsible for the Pliocene 
flooding of the Mediterranean [8]. Hence, there is 
growing evidence that the restoration of open- 
marine conditions in the Mediterranean at the 
beginning of the Pliocene is of global significance 
and that it can be correlated worldwide. This 
correlation certainly needs confirmation, prefer- 
ably by means of high-resolution cyclostrati- 
graphic correlations to well-dated extra-Mediter- 
ranean stable isotope records. Such an approach 
may in addition reveal how the Messinian evapor- 
ites in the Mediterranean are related to paleocli- 
matic and paleoceanographic changes elsewhere. 

According to a tentative scenario, the transi- 
tion between the Lower and Upper Evaporites 
(stratigraphic nomenclature after [39]) would cor- 
respond to the full glacial maximum dated around 
5.2 Ma in the open ocean [37,40] and the Arenaz- 
zolo unit, which lies on top of the Upper Evapor- 
ites and precedes the marls of the Trubi, to the 
full glacial maximum dated around 4.9 Ma [37,41]. 
The six to seven evaporite cycles of the Upper 
Evaporites would then exactly match the number 
of obliquity-related cycles between the two full 
glacial maxima in the 6~SO record from DSDP 
Site 552 [see 40]. These cycles may reflect rather 
weak glacial cycles, as indicated by the reduced 
magnitude of the isotope shifts and the reduction 
in the amplitudinal variations of the filtered 41 
kyr component in the ~lSO record. The associ- 

ated minor sea-level falls would also allow At- 
lantic waters to invade the Mediterranean during 
glacial times. But an alternative option would be 
that the evaporite cycles are connected with re- 
gional climatic oscillations related to the preces- 
sion cycle rather than to obliquity. This scenario 
demonstrates the potential of high-resolution cy- 
clostratigraphic correlations in solving time-strati- 
graphic relationships in the M / P  boundary inter- 
val. It is evident from this approach that argu- 
ments that suggest that the M / P  boundary is not 
defined in a continuously open-marine sequence 
or that it precludes the recognition of events 
directly preceding the boundary will be either 
reduced to a formal restriction or will be invali- 
dated once a tight cyclostratigraphic framework 
has been established for the latest Miocene. In 
view of recent developments in establishing such 
a framework for the Pliocene [3,12,13,42-44], we 
foresee that a similar framework will be estab- 
lished for the latest Miocene in the near future. 
The M / P  boundary should be tied directly into 
such a framework because this would allow the 
boundary to be accurately dated by means of 
astronomical calibration. Evidently, these condi- 
tions are already fulfilled in the case of the M / P  
boundary definition in the Mediterranean being 
maintained [3]. 

Biostratigraphic recognition of the M / P  
boundary as defined in the Mediterranean is 
rather poor [see 33] probably because the bound- 
ary is coincident with the beginning of a pro- 
longed period of warmer conditions. The first 
occurrence of Ceratolithus acutus 6 m above the 
base of the Trubi at Capo Rossello [4] provides 
the only useful criterion for biostratigraphic nan- 
nofossil correlation to the open ocean, but unfor- 
tunately this marker species is extremely rare in 
Mediterranean Pliocene sections [45,46]. Like in 
the open ocean [33], it coincides closely with the 
lower Thvera reversal boundary. Additional evi- 
dence for this synchroneity is provided by the 
presence of rare Triquetrorhabdulus rugosus in 
the basal 3 -4  m of the Trubi in the Capo Rossello 
section [46,47]. The use of planktonic foraminifera 
in distinguishing the M / P  boundary biostrati- 
graphically is even more limited. The first occur- 
rence of Globorotalia margaritae is clearly de- 
layed with respect to the open ocean [7]. More- 
over, this species proved to be rare and discontin- 
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uously present from the M / P  boundary onward 
[8]. In addition, the presence of Sphaeroidinella 
dehiscens 12 m above the base of the Trubi at 
Capo Rossello has never been confirmed by later 
observations [e.g., 46]. Nevertheless, samples with 
dominantly left coiling neogloboquadrinids are 
found in the lowermost 2.5 m of the Trubi at 
Eraclea Minoa, well above a sinistral to dextral 
coiling shift recorded in the adjacent northern 
Atlantic Ocean and dated around 5.5 Ma [31]. 
This coiling shift, however, does not occur instan- 
taneously but takes place over an interval of more 
than 0.5 m.y. (from approximately 5.5 to 4.9 Ma), 
during which the coiling ratio changes repeatedly 
[41,48]. The left coiling interval in the Trubi most 
probably correlates with the last occurrence of 
dominantly sinistrally coiled neogloboquadrinids 
in the northern Atlantic. Unfortunately, the reso- 
lution of the coiling ratio record of Site 552 is at 
present too low ( + 40 kyr) to establish reliably the 
position of this biohorizon with respect to the 
prominent changes in 6~SO. 

Finally, in the proposal of Benson et al. [11] 
the M / P  boundary would be rather arbitrarily 
defined in the middle part of the characteristic 
interval of Messinian affinity. This redefinition 
would in addition lead to an unwarranted state of 
confusion in global chronostratigraphy. The Up- 
per Evaporites and the Arenazzolo, and probably 
part of the Lower Evaporites of the classical 
Messinian in the Mediterranean, will henceforth 
belong to the Pliocene, but since they are by 
definition excluded from the Zanclean (the low- 
ermost stage of the Pliocene), either the base of 
the Zanclean must be redefined to include these 
formerly Messinian units, or a new global stage 
must be introduced. The exclusion of the evapor- 
ites especially from the Messinian and their pos- 
sible incorporation in the Zanclean runs counter 
to the conventional use of these stages and should 
thus be avoided. In other words, the proposed 
redefinition would result in a Pliocene 'salinity 
crisis' in the Mediterranean. 

5. Conclusions 

The range in age estimates (from 4.81 to 4.93 
Ma) recently obtained for the basal Zanclean 
lithohorizon in the Mediterranean and, hence, 
for the M / P  boundary, does not imply that 

open-marine conditions were restored diachron- 
ously in the Mediterranean following the Mes- 
sinian salinity crisis but represents an artefact 
which mainly originates from intraformational 
variations in sedimentation rate and a different 
interpretation of colour variations in terms of 
precession-controlled sedimentary cycles. 

The Pliocene flooding event is dated as accu- 
rately as possible at 4.86 Ma if the conventional 
BKFV85 time scale is used, and at 5.16 Ma if the 
new CK92 scale is used. An age of 5.32 Ma is 
obtained if the astronomically calibrated time 
scale [3] is followed. 

The current M / P  boundary is probably coinci- 
dent with the termination of the last full glacial 
maximum in the glacial series of the Messinian. 
The boundary is in that case of global significance 
and can be correlated worlwide. 

Biostratigraphic recognition of this boundary 
on a global scale is rather poor. Nevertheless, the 
first occurrence of C. acutus--  in combination 
with the last occurrence of T. rugosus--remains a 
useful criterion. Another  biostratigraphic tool for 
accurate correlation, at least to the adjacent 
northern Atlantic Ocean, is provided by the pres- 
ence of dominantly sinistrally coiled assemblages 
of neogloboquadrinids in the basal part of the 
Mediterranean Pliocene. 

As a consequence, a definition of the M / P  
boundary based on the basal Zanclean lithohori- 
zon in the Mediterranean is to be preferred to a 
redefinition of this boundary at the Gi lbe r t /  
Chron 5 boundary reversal in a continuous ma- 
rine section outside the Mediterranean as pro- 
posed by Benson et al. [11]. Such a redefinition 
would lead to an unwarranted state of confusion 
in global chronostratigraphy. 
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