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Abstract: The events at the Cenomanian-Turonian boundary are reviewed and the various causes 
of the Late Cenomanian extinction event considered. There is now overwhelming evidence to 
suggest that many of the geochemical, faunal and floral changes recorded in this interval are 
synchronous world-wide. This is particularly evident if one compares the successions in Southern 
England with that of the Rock Canyon Anticline, Pueblo (Colorado). Despite a wealth of data, the 
cause of the extinction event is still not known. The recently discovered "ejecta horizon" at Nazare 
(Portugal) is described and its importance evaluated. 

Keywords: Foraminifera, Bonarelli Event, Cenomanian, Turonian, Eastbourne, Pueblo, Nazare 

1. INTRODUCTION 

The Late Cenomanian (or Cenomanian/Turonian boundary) event is one of those 
identified by RAuP & SEPKOSKI (1982) in their analysis of periodic extinctions. The event 
has long been recognised as one of the major features of the Cretaceous succession on 
all continents and, in many localities, is associated with dark/black mudstones (SCHLANGER 
& JENKYNS, 1976). The Bonarelli Event, as it is known in parts of Europe (or CTBE in 
others) records a moderate turnover of both macrofauna and microfauna. lt has been 
estimated that approximately a quarter of marine invertebrate genera were affected 
(HARRIES, 1993), ranging from shallow-water rudist bivalves to nektobenthic ammonites. 
The composition of planktonic foraminiferal assemblages also changed significantly 
(CARON, 1985; JARv1s et al., 1988; HALLAM & W1GNALL, 1999; PAUL et al., 1999) although 
BANERJEE & BoYAJIAN (1996) have argued that only 17% of foraminiferal genera became 
extinct; the changes being mainly at the specific level. Associated with these extinctions 
and associated biodiversification events are a number of isotopic and geochemical 
signals, including the occurrence of rare earth elements and iridium. 

In recent years there have been many suggestions as to the cause of the faunal 
changes and the marked change in the sedimentary record adjacent to the "event". 
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These include: 
• Expansion of the 0 2 minimum zone within the water column leading to the develop

ment of an "anoxic event" (SCHLANGER & JENKYNS, 1976; ARTHUR et al., 1987; JARVIS et 
al., 1988; KA1Ho and HASEGAWA, 1994; CAus et al., 1997; HART, 1996); 

• Oceanographic changes (GALE et al., 2000); 
• Bolide impact (MoNrnRo et al., 1998a,b); 
• Multiple bolide/meteoritic impact (HuT et al., 1987); 
• Changes in the food chain (PAUL & MITCHELL, 1994; PAUL et al.' 1999; HART, 1996); 
• Sea level changes (HANCOCK & KAUFFMAN, 1979; HALLAM & W1GNALL, 1999); 
• Global cooling with an associated fall in sea level (JEANS et al., 1991); 
• Major volcanism around Madagascar (CouRTILLOT, 1992); and 
• Changes in carbonate production (CAus et al., 1997). 

The above list is not intended to present a comprehensive summary of all the possible 
causes, nor can it provide a listing of all the relevant publications. lt is clear, however, 
that a number of key features can be identified in many sections around the world and 
these include: 
• A pattern of stepwise extinctions and biodiversification events (at both generic and 

specific level); 
• A positive Ö13C isotope excursion; 
• A number of iridium-rich horizons; 
• A number of other geochemical anomalies (cromium, scandium, etc.); 
• The presence of clay-rich sediments, often containing enhanced levels of organic 

carbon; 
• Sediments which are generally indicative of a transgressive event; and 
• A pattern of Milankovitch Cycles which can provide an indication of the duration of 

the "event". 

In the United Kingdom the first detailed investigation of the event was that of JEFFERIES 
(1962, 1963) who documented the distribution of foraminifera in the Plenus Marls at 
Merstham in Surrey. That analysis is still valid today, although the section is no langer 
available. Recently research on the Plenus Marls in the UK has concentrated on Dover 
(JARVIS et al., 1988; LAMOLDA et al., 1994) or Eastbourne (PAUL et al., 1999; GALE et al., 
2000; KELLER et al., 2001). There is no doubt that Eastbourne is the most complete (and 
thickest) succession, despite recent engineering works partially covering the Holywell 
section in coarse shingle. In the 1970's CARTER & HART (1977) documented a number of 
Plenus Marls sections in SE England, the lsle of Wight, Dorset and Devon. Later, HART et 
al. (1991, 1993) described the foraminiferal succession and stratigraphy of the Black 
Band in NE England. 

2. THE EASTBOURNE SUCCESSION 

The Eastbourne succession across the Cenomanian/Turonian boundary is exposed at 
two locations; Gun Gardens (by the headland) and Holywell, just SW of the western end 
of the Eastbourne promenade. In recent publications PAUL et al. (1999), GALE et al. (2000) 
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and KELLER et al. (2001) have described these sections in some detail and those interested 
in the sedimentology, foraminifera, ostracoda, calcareous nannofossils, macrofauna, 
stable isotopes, etc., are directed to these papers. Figure 1 provides a summary of some 
of our data, which includes geochemistry, carbon isotopes and the distribution of some 
important, zonally significant, foraminifera. lt can be seen that the extinction of Rotali
pora cushmani marks the end of the R. cushmani Taxon Range Zone and that the first 
appearance of Helvetotruncana helvetica marks the base of the H. he/vetica Taxon 
Range Zone (or lnterval Zone). The Whiteinella archaeocretacea Zone of RoBASZYNSKI & 
CARON (1995) is, in reality, an inter-biohorizon zone between the extinction of R. 
cushmani and the appearance of H. he/vetica. The extinction of R. greenhomensis is a 
distinctive horizon, while the rare occurrence of R. deeckei in Bed 1 of the Plenus Marls 
(PAUL et al., 1999, fig.8) is much less reliable as an extinction datum. Many workers 
record (possibly incorrectly) R. reicheli up to this stratigraphical level; confusing these 
two rather similar species. The extinction of most of the typical Cenomanian benthonic 
taxa occurs at the top of Bed 1. Figure 1 also includes data on the maximum size of R. 
cushmani (and to a lesser extent R. greenhomensis) in the lower part of the Plenus 
Marls. HART & LEARY (1989) used these measurements as a proxy for water depth in 
shallow water environments or, more significantly, the depth of the habitable water 
column. This implies that, prior to the final extinction of the genus, individuals attained 
a reasonable size for some 80,000 years (using the GALE et al. [2000] time-scale). Over 
a period of the following 50,000-60,000 years individuals became quite small prior to 
the final disappearance of the genus at the first iridium level. The geochemistry of the 
succession, kindly provided by Carl ORTH (pers. comm., 1990) shows the presence of rare 
earth elements and other indications of oceanic perturbation. W1LDE & BERRY (1984, 
1986) have suggested that a major "overturn" of the oceanic system might cause 
extinction events by bringing anoxic water rich in metals and other elements into the 
surface waters. The occurrence of iridium in two distinct levels (both of which are just 
above omission surfaces) just at, and above, the extinction of R. cushmani and close to 
the maximum Ö13C excursion points to a potential relationship. The calcisphere flood 
(Fig. 1) begins just after an increased abundance of Heterohelix spp. (although this was 
not reported by PAUL et al., 1999, fig.10). This "Heterohelix shift" has been described 
from the Western lnterior Seaway of the USA (Wm et al., 1998) and, more recently, 
been highlighted by KELLER et al. (2001, fig.13). In his pioneering work on the foramini
fera of the Plenus Marls, JmERIES (1962) also reported the occurrence of an unusual 
species of Reophax in Bed 1. The occurrence of this flask-shaped Reophax is shown in 
Figure 1. This genus is often an early immigrant following a change in sedimentation 
pattern and, while this may be partly true in this case, it is associated with a very diverse 
benthonic assemblage. Although PAUL et al. (1999, fig.6) record Reophax sp. A, they do 
not illustrate the species. In all probability it is the same species as we indicate in Figure 
1. In their analysis, PAUL et al. (1999, fig.6) use the morpho-group model of KouTsouKos 
& HART (1990) to document the changes through the event. PAUL et al. (1999) highlight 
changes at the: 
• Sub-Plenus erosion surface; 
• Base of Bed 2 (where most of the epifaunal elements disappear; and 
• Base of the H. helvetica Zone (approximately) where the typical assemblage of the 

Lower to Middle Turonian appears. 
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This agrees with our information at Eastbourne, Dover (JARVIS et al„ 1988), Merstham 
(JEFFERIES, 1962) and Shillingstone (CARTER & HART, 1977). 

While the senior author has studied the Cenomanian/Turonian boundary event in 
France, Germany, Portugal, Brazil, Oman and in SE lndia (TEWARI et al., 1996) it is 
perhaps the succession at Pueblo (Colorado) that is the most significant. 

3. THE SUCCESSION OF THE ROCK CANYON ANTICLINE, PUEBLO, COLORADO 

A limited number of samples from the Rock Canyon anticline succession have been 
investigated and compared to those from UK and European successions. The foramini
fera are relatively weil preserved and, although the names applied to the taxa are often 
different to those in use in the UK, the same "morphogroups" are present. Following the 
earlier work on the foraminifera by E1cHER (1969) and E1cHER & WoRsTELL (1970) a number 
of other authors have described the macrofauna, microfauna, sedimentology, geoche
mistry and isotope stratigraphy of the succession. Almost all of the references to this 
work are documented in the recently published volume on the Cretaceous Western 
lnterior Seaway (DEAN & ARTHUR, 1998). Several European workers have also studied the 
succession (BEAUDOIN et al., 1995; MoREL, 1998; DooswoRTH, 2000), often using material 
collected by others. This sucession, along with others in the Cretaceous Western lnterior 
Seaway, have been described in detail by Wm et al. (1998). 

One of the problems with this section is the distribution of the planktonic foramini
fera. There are a number of discrepancies in the presented ranges of R. cushmani, R. 
greenhornensis and H. he/vetica. The zonation that is so clear in the Eastbourne succes
sion is complicated by the presence of atypical individuals of each species as weil as the 
general rarity of H. helvetica. In our opinion most of the beds with records of H.he/vetica 
contain only H.praehelvetica and the appearance of "helvetica" is probably not a 
reliable datum to use in correlation. The increased abundance of Heterohelix spp. is also 
present (see KELLER et al., 2001), but the flood of Reophax sp. (comparable to that at 
Eastbourne) has not been recorded. The changes in the benthonic foraminifera, though 
distinctive, are probably less dramatic than those recorded in the UK. This is probably 
due to the more extreme changes in sedimentary environment recorded in the European 
successions. There are two principal iridium anomalies (ORTH et al., 1988) together with 
a range of other rare earth elements. An ö13C excursion has been documented by PRAn 
& THRELKELD (1984) and PRAn et al. (1993), and while it has many similarities with that 
recorded at Eastbourne, does show some differences in detail. We do not have sufficient 
material with which to undertake a morphometric analysis of the Rotalipora population 
but the descriptions of other authors seem to indicate a similar pattern (see MoREL, 
1998). 

4. UK - COLORADO COMPARISONS 

lt is generally agreed that the Late Cenomanian-Early Turonian interval marks the 
maximum sea levels of the Cretaceous (HAo et al., 1988; JAcou1N & GRACIANSKY, 1998) as 
weil as the warmest temperatures (JENKYNS & W1LSON, 1999). The water depth changes 
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Fig. 1: The Upper Cenomanian to Lower Turonian succession at Eastbourne, Sussex, England. The 
geochemical data were kindly provided by C.J. Orth (Los Alamos, New Mexico, USA). The 
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across the critical part of the succession are, however, a little more difficult to determine. 
HALLAM & W1GNALL (1999) show a very general sea level rise across this interval while GALE 
et al. (2000, fig.1) present a postulated curve that records a fall in sea level across the 
sequence boundary at the sub-Plenus erosion surface followed by a general rise weil into 
the Early Turonian. The transgressive surface is indicated at the Bed 3/4 boundary. Our, 
admittedly limited, biometric analysis indicates the presence of larger individuals of 
Rotalipora in Beds 1 and 2 and it is interesting that PAUL et al. (1999, fig.11) also record 
an increase in absolute numbers of planktonic foraminifera at this level. Our interpreta
tion indicates that, above the sub-Plenus erosion surface there was a rise in sea level; the 
transgressive surface being coincident with the sequence boundary. The maximum level 
of the Ö13C isotope excursion is coincident with the maximum condensation of the 
sedimentary succession and this may be, very approximately, what could be regarded as 
the zone of maximum flooding. This is, however, only 160,000 - 180,000 years above 
the sequence boundary and, on that basis, probably represents a parasequence 
(41h Order sequence) in the terminology of VAN WAGONER et al., 1988). In their work on 
the Pueblo succession WEST et al. (1998, fig.8) indicate both a major cycle (the Green
horn Cycle) and smaller cycles that are very closely mirrored by our data, especially at 
higher levels in the Turonian (HART, 1997). The "strong Tethyan influence" recorded by 
WEST et al. (1998, fig.8) is at precisely the same level in the Turonian succession at which 
HART (1997) records the most abundant - and diverse - planktonic foraminiferal assem
blage in the UK. The distribution pattern of planktonic foraminifera in the Sounds Core 
(Scon et al., 1998, fig.10) matches that in SW England (HART, 1997) in almost every 
detail, aside from the fact that in the UK keeled taxa are more abundant. The replace
ment of the planktonic-dominated fauna by one dominated by benthonic taxa in the 
mid-Late Turonian is also common to both areas (UK/Colorado), as weil as other parts 
of the world; e.g., Cauvery Basin, SE lndia (TEWARI, 1996; TEWARI et al., 1998). 

5. THE LATE CENOMANIAN EVENT 

Having considered all the various faunal changes, chemical anomalies, sea level changes, 
etc., around - and across - the Late Cenomanian extinction event, are we any nearer 
identifying a cause? The iridium and rare earth element data were regarded by Orth 
(pers.comm.) as indicative of terrestrial origin rather than extra-terrestrial origin. The 
iridium anomaly, spherules and other exotics recorded by MoNTEIRO et al. (1998a,b) at 
Nazare (Portugal) have been interpreted as an impact ejecta horizon. The locality 
described by MoNTEIRO et al. is located (Fig.2) at Praia da Vitoria, north of Nazare 
(Portugal). The succession is located below shifting sands and, at many times of year, 
very little of the key section is exposed. Figure 3 shows a sketch log of the succession. 
The in-situ shelfal carbonates are of mid-Late Cenomanian age (CALLAPEZ, 1998, 1999; 
BERTHou, 1984a,b) on the basis of the contained macrofauna and microfauna. Detailed 
work on the limited foraminiferal assemblage has failed (thus far) to produce a more 
accurate assessment of the age. The in-situ carbonates pass laterally into a monomictic 
breccia. The base of the breccia appears to cross a number of beds of the shelfal 
limestones and is irregular in nature. The shelfal limestones are steeply dipping, an 
orientation that appears to be related to the numerous salt diapirs that punctuate the 
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area (see Fig. 2). The upper surface of the monomictic breccia contains the "ejecta 
horizon" and contains limestone fragments, cherts, sandstones, assorted metamorphic 
rocks, iron oxide fragments, diaplectic glass and !arge rounded blocks (up to 80 cm 
diameter) of basalt. MoNTEIRO et al. (1998a) describe the glasses and other spherules in 
some detail and provide the results of geochemical analyses. The "ejecta horizon" is 
completely different to the underlying monomictic breccia and it is difficult to explain its 
presence in this succession. The "ejecta horizon" is immediately overlain by a soft grey 
clay (which contains the main iridium anomaly) which, in turn, grades up into sands that 
have been described as Turonian(?) - Maastrichtian (or even Palaeogene). In the base of 
these sands (immediately above the clay layer) are large sandstone and siltstone blocks 
that are presently being investigated for their microfossil and palynological content. 
Within the shelfal carbonate succession of the Nazare area there are no other horizons 
that contain such an admixture of exotic material and this clearly indicates an "unusual" 
event. While the monomictic breccias could weil be attributed to movement of semi
cemented carbonates on the flanks of an active salt diapir it is very difficult to explain the 
"ejecta horizon" by such a process. The basalts, and all the other exotics, are sub
rounded to rounded and appear to be water transported. The size of the basalt boulders 
implies a relatively close source and it is weil known that there are late Cretaceous 
volcanics in the Lisbon area. 

In their 1998a paper, MoNTEIRO et al. suggest that the Tore Sea Mount (LAUGHTON et 
al„ 1975) may be a potential impact site SW of the Portugal coastline. While this must 
be regarded as a possibility, none of the DSDP/IPOD/ODP drill sites (641 and others) off 
the Portuguese coast and on the flanks of the Galicia Bank (BOILLOT et al„ 1987) show 
any disturbance within the sediments of Late Cenomanian or Turonian age. lf the Tore 
Sea Mount was an impact site in the Late Cenomanian then some disturbance would be 
expected. 

6. SUMMARY 

Deatiled analysis of the Late Cenomanian extinction event at many localities around the 
world indicate a distinct paralellism of the faunal, floral, geochemical and isotopic signals 
preserved in the geological record. As to a cause of the event, there are almost as many 
suggestions as authors! The suggested ejecta horizon at Nazare certainly records an 
unusual geological event, although it is imprecisely dated at the present time. Work on 
the biostratigraphy continues, and once this is known - and the horizon dated - it will 
be possible to decide if it is a part of the Late Cenomanian story, or whether we must 
continue the quest for an overall explanation. 
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