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LATE EOCENE TO OLIGOCENE EVENTS: 
MOLINO DE COBO, BETIC CORDILLERA, SPAIN 

Quantitative analysis of upper Eocene to Oligocene planktonic foraminifers and 
calcareous nannofossils in the Molino de Cobo section, Betic Cordillera, Spain in­
dicate three major extinction events: 1) in the upper Eocene at the extinction of 
G1obigerapsis index, 2) at the Eocene-Oligocene boundary and 3) at the lower/upper 
Oligocene boundary. The Globigerapsis index extinction event in this area coincides 
with the dramatic abundance decline of the discshaped discoasters (D. saipanensis, 
D. barbadiensis). This faunal and floral assemblage change coincides with a carbo­
nate dissolution interval. 

The Eocene-Oligocene boundary extinction event involves five planktonic fora­
rniniferal species, which contrary to common belief did not go extinct simulta­
neously, but stretched out over a 3m interval. This extinction event is probably rela­
ted to the isotopic enrichment that signals the development of the psychrosphere, 
or two layer ocean with cold bottom and warm surface water. The lower/upper 
Oligocene fauna! turnover event involves the extinction of surviving Eocene species 
and the evolution of late Oligocene to Miocene species. A short hiatus may be pre­
sent at this interval. This fauna! turnover is most likely related to global cooling 
and a major sea level drop. · 

El analisis cuantitativo de los foraminiferos planct6nicos y nannofosiles calca­
reos del Eoceno superior y Oligoceno del corte. de Molino de Cobo (Cordillera Betica, 
Espana), pone de manifiesto tres importantes eventos de extinci6n; en el Eoceno 
superior, en el limite Eocene/Oligoceno y en el limite Oligoceno inferior/superior, 
respectivamente. El evento de! Eoceno superior implica la subita desaparici6n del 
genero Globigerapsis, el cual constituia el 20 por 100 de! total de la poblaci6n. Los 
discoaster en roseta (D. saipanensis y D. barbadiensis) tambien declinan dramatica­
mente en este momenta. Estos cambios en las asociaciones de foraminiferos y nan­
nofosiles, coinciden estratigraficamente con un intervalo de disoluci6n. 

El evento de extinci6n de! limite Eoceno/Oligoceno involucra a cinco especies de 
foraminiferos planct6nicos, las cuales contrariamente a la creencia mas generalizada 
no se extinguen simultaneamente, sino que se producen en un intervalo de 3 metros. 
Este evento de extinci6n esta probablemente ligado al desarrollo definitivo de la 
psicrosfera. 

El ultimo evento coincide con el limite Oligoceno inferior/superior y supone un 
importante relevo; la extinci6n de especies supervivientes del Eoceno y la evoluci6n 
de especies del Oligoceno superior y Mioceno. Este relevo esta seguramente ligado 
a un enfriamiento global y a una importante caida del nivel del mar, habiendose 
detectado ademas, un breve hiato dentro de este intervalo. 
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INTRODUCTION 

The late middle Eocene to Oligocene repre­
sents a time of major paleoenvironmental and 
paleoclimatic changes as observed by a series 
of stepwise extinctions (Keller, 1983, 1986) 
accompanied by a longterm climatic cooling 
trend and a permanent droy in bottom water 
temperatures near the Eocene-Oligocene boun­
dary (Shackleton and Kennett, 1976; Keigwin, 
1980; Keigwin and Keller, 1984; Miller and 
Thomas, 1985; Keigwin and Corliss, 1986; 
Oberhansli and Toumarkine, 1985; Williams 
et al., 1985 ). 'Lowering of sea level and wides­
pread hiatuses are frenquently associated with 
these faunal and climatic events (Miller et al., 
1985; Keller et al., 1986, 1987; Haq et al., 1987). 

Faunal changes generally parallel climatic 
trends. Late middle Eocene to Oligocene warm 
water assemblages are successively replaced 
by planktonic foraminifera (Keller, 1983, 1985, 
1986 ), calcareous nannoplankton (Haq and Loh­
man, 1976; Haq et al., 1977; Perch-Nielsen et 
al., 1986), ostracod faunas (Steineck et al., 1984) 
and mollusks (Hut et al., 1987). The climatic 
cooling trend is generally considered to be re­
lated to the development of the circum-Antarc­
tic current and subsequent cooling of Antarc­
tica initiated by the northward movement of 
Tasmania and Australia by mi~dle Eocene ti­
me (Weissel and Hayes, 1972; McGowran, 1973; 
Kennett, 1977). 

The recent discovery of three microtektite 
and related microspherule layers in low lati­
tude upper Eocene marine sediments (Keller 
et al., 1983, 1987; Glass et al., 1985), however, 
has suggested that some faunal turnovers 
and climatic coolings may have been triggered 
or acelerated by extraterrestrial impact events. 
Investigation of microplankton in marine sec­
tions containing one or more of these micro­
tektite or microspherule layers revealed that 
no planktonic foraminiferal species extinctions 
coincide precisely with these events, but five 
radiolarian species extinction are associated 
with one layer (Maurasse and Glass, 1976; San-

492 

filippo et al., 1985). One other microspherule 
layer is associated with a catastrophic decline 
in the planktonic foraminifer Genus Globige­
rapsis (G. semiinvolutus, G. luterbacheri, G. ho­
wei) and the extinction of this group occurs 
shortly above this layer (Keller, 1986; Keller 
et al., 1987). 

These investigations indicate that species ex­
tinctions aione may be a poor measure of the 
effect on a population after a sudden environ­
mental jolt such as an impact by an extraterres­
trial body. Species populations are generally 
rare at time of evolution and extinction and 
reach their apex sometime in between. ·s ud­
den adverse environmental conditions may de­
cimate a species population to the point whe­
re only few individuals survive, but do not re­
cover as a stable population, and eventually 
become extinct. Quantitative population studies 
based on relative abundances of individuals in 
a species may therefore provide a more accu­
rate measure of the environmental effects 
(Keller, 1986). It is therefore important to 
search for good physical (microtektites) and 
biological (fossil) evidence in late Eocene sec­
tions, to document whether species extinctions 
as well as major fauna! turnovers and climatic 
changes are triggered by large body Earth im­
pacts. 

The upper Eocene sediments of the Molino 
de Cobo section of the Betic Cordillera of Spain 
(Figure 1) offer a unique opportunity to inves­
tigate biotic events during late Eocene to early 
Oligocene time. We have studied the plankto­
nic foraminif ers and calcareous nannofossils 
of this section quantitatively to determine the 
stratigraphy and population changes in terms 
of relative abundances of dominant species. We 
have been able to document three major fauna! 
events which apparently correlate with a late . 
Eocene event, the Eocene-Oligocene boundary 
event and the early / late Oligocene sea-level 
drop. Faunal events at these time have also 
been observed in low latitude sections (Keller, 
1983, 1985, 1986) and are thus believed to re­
present global events. 



LOCATION AND LITHOLOGY 

Geographically, the Molino de Cobo section 
is located in the Canada de Jaen Ravine, in 
the township of El Gobernador (Granada Pro­
vince), 2 km northeast from the village and 
200 m west from the Molino de Cobo farm­
house. The section is exposed along the Gra­
nada-Madrid railway tracks accessible by a 
path from the Gobernador village to the Pedro 
Martinez train station. 

Geologically, the Molino de Cobo section is 
located in the Subetic Zone of the Betic Cordi­
llera. The section is part of the Canada For­
mation (Eocene-Aquitanian) of the Cardela 
Group. Sediments of the Canada Formation 
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Figure 1 

Location map of the Molino de Cobo section 
ii;i Andalucia, southern Spain. 
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· are over 500 m thick and consist of detritic 
limestone of turbidite origin, interbedded with 
thick hemipelagic marls. 

Upper Eocene to Oligocene sediments of the 
Molino de Cobo section consist of 194 m of in­
terbedded bioclastic calcarenites and marls 
that dip 30 degrees north forming the southern 
flank of a wide syncline. The continuation to­
wards the nucleus was named Canada de J aen 
(El Gobernador) section and biostratigraphi­
cally studied by means of planktonic forami­
nifers (Molina, 1979). The sediments are litho­
logically similar to the nearby coeval Fuente 
Caldera section (Comas et al., 1984-85; Molina, 
1986 ), except that the turbidite facies are less 
extensive and no olithostromes are present in 
the Molino de Cobo section. The bioclastic 
calcarenites are 30-90 cm thick and range from 
packestones to pseudograinstones with fre­
quent marly inclusions. The bioclasts consist 
mainly of smaller and larger benthonic fora­
minif era and calcareous algae primarily of pe­
necon temporaneous platform origin, although 
some middle Eocene species have been found. 
The autochthonous hemipelagic marly inter­
beds range between 1-5 m thick and do not 
contain displaced larger benthonic foramini­
fers. Reworked middle Eocene planktonic fora­
minifers and calcareous nannofossils are few 
to common in some marl beds. 

METHODS 

Sediment samples were disaggregated by soa­
king in water over night with the addition of 
a small amount of 10 % hydrogen peroxide. Iri­
durated samples were also heated to aid the 
disaggregation process. Samples were then 
washed over 63 and 150 micron screens with 
tap water. Quantitative counts for fauna! ana­
lysis were obtained from aliquots (using a mo­
dified Otto microsplitter) of approximately 
300-500 specimens of the size fraction greater 
than 150 microns. All specimens were then 
picked from the aliquot and mounted on a mi­
croslide for identification and ·permanent re-
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cord. The sample was also scanned for 
species and the small size fraction was 
mined for smaller species. 

rare 
exa-

Thin sections were made of the calcarenitic 
limestone beds to study the larger foraminifera 
and examine the lithology. Calcareous nanno- . 
fossils were studied from the marly beds. A 
small quantity of a clean rock chip was crus­
hed -with a pestle in a mortar contain.ing dis­
tilled water (ph 6/7). A drop of the suspension 
was then smeared on a cover slide, dried and 
embedded on a slide with Pyccolite. A semi­
quantitative analyses of the abundance of do­
minante species was estimated using the Back­
mann and Shackleton ( 1983) method. Abun­
dance is expressed in number of specimens 

· per mm2 at a magnification of, x 1250. 

BIOSTRATIGRAPHY 

PLANKTONIC FORAMINIFERA 

. A planktonic foraminiferal biostratigraphic 
analysis of the Molino de Cobo section was 
earlier published by Martinez-Gallego (197 4 ). 
We have resampled the section at closer inter­
vals and studied the planktonic foraminifera 
and calcareous nannofossils based on both 
standard biostratigraphic techniques (first and 
last appearances of index species) and quanti­
tative fauna! analysis. These combined methods 
permit a higher resolution time control and 
in addition provide paleoecologic and paleo­
climatic ·information. Quantitative fauna! ana­
lysis can also minimize problems of reworked 
older faunas and contamination by isolating 
these species. It also permits a more accurate 
assessment of the magnitude of an extinction 
event by providing information on the relative 
portion of individuals of the population 
affected. 

Our fauna! counts are shown in Table 1. 
Figure 2 shows the stratigraphic ranges of 
species indicating where they are abundant, 
common or few. Figure 3 ilustrates relative per­
cent abundances of dominant species. We have 
used the standard low latitude zonations of 
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Bolli (1 966) and Blow (1979) as well as a re­
vised middle latitude zonation for this region 
by Molina (1979, 1986). Bolli's low latiti:tde 
zonation is applicable, except that the boun­
dary between Cassigerinella chipolensis-Pseudo­
hastigerina micra and Globigerina amplia­
pertura Zones could not be recognized due 
to absence or rarity of P. micra. Blow's zona~ 
tion was also sometimes difficult to apply be­
cause of absence or rarity of species and dif­
ficulty in identification of some index species. 
In some cases (Zones P15-P16) the species ran­
ges also appear diachronous. We therefore pre­
fer Bolli's (1966) zonation to correlate to low 
latitude sections and Molina's (1979, 1986) zo­
nation for middle latitudes. 

Although the aim of this paper is not to 
discuss the taxonomic problems of the plank­
tonic foraminifers, some criteria of identifica­
tion should be clarified. The species concept 
that has been followed in this work is the 
same as proposed by the European Working 
Group on Planktonic Foraminifera (Robasyn­
ski et al., 1984 ). Thus, no subspecies have been 
considered. The species are generally defined 
by typological criteria, and are often morpho­
types with rather arbitrary boundaries due to 
their interspecific variations. For stratigraphic 
purposes morphotypes with biostratigraphical 
significance are chosen. Thus, some of these 
species may not be true biological species. 
Other species may include a wide variety of 
morphotypes of uncertain affinities such as 
Catapsydrax unicavus s. 1. which includes 
C. pera and certain «Globigerinas» with small 
abortive final chambers. 

Taxonomic problems in this paper also con­
cern the genus Pseudohastigerina. Pseudohasti­
gerina micra is a laterally compressed form 
which spans the Eocene/Oligocene boundary 
and is an important stratigraphic marker. In 
1979 Blow proposed the name P. danvillensis 
for this . form which we consider a junior sy­
nonym. Two similar but much smaller morpho­
types of the species P. naguewichiensis and 
P. barbadoensis are also present, but can be 
distinguished only with the scanning electron 



microscope. We have lumped these two small 
species as P. naguewichiensis. Also because of 
their small size and difficulties in identifica­
tion with the stereomicroscope, biserial Chilo­
guembelinas have been lumped as Ch. cuben­
sis s. 1. 

Upper Eocene 

The lowermost 20 m (up to sample 2'4, Figu­
re 2) of the Molino de Cobo section correspond 
to the Globigerapsis semiinvolutus Zone. The 
top of this zone is defined by the extinction 
of G. semiinvolutus. Blow's (1979) P15/Pl6 
Zone boundary based in the first appearance 
of Cribrohantkenma inflata occurs at 13m 
from the base of the section where also Globi­
gerina gortanii which defines Blow's Zone P17 
was found. Both these species first appearan­
ces seem diachronous between middle and low 
latitudes (Boersma and Premoli-Silva, 1986). 

Species characteristic of the Globigerapsis 
semiinvolutus Zone are G. semiinvolutus, G. 
howei, G. index, G. luterbacheri, Globoratalia 
cerroazulensis, Gl. pomeroli, Globigerina trans­
danubicd, and abundant G. linaperta (Figu­
res 2, 3, Plates 1, 2). 

The uppermost part of the ~ocene sediments 
(20 m - 68 m) correspond to the Globorotalia 
cerroazulensis Zone. The top of this zone coin­
cides with the extinction of the Gl. cerroazu­
lensis group. Molina (1979, 1986) subdivided 
this interval into Cribrohantkenina inflata and 
C. lazzarii Zones based on the last occurrences 
of these species respectively. These species 
have only been rarely observed in low latitude 
sections (Keller, 1983, 1985). Because the last 
appearance of Gl. cerroazulensis and C. lazzarii 
do not occur at the same time, there is a slight 
difference in age of the Eocene/Oligocene 
boundary between Molina's (1979, 1980) and 
Bolli 's (1966) zonal systems. Characteristic 
species of the uppermost Eocene are Globoro­
talia cocoaensis, Gl. cunialensis, Gl. increbes­
cens, Gl. nana, Cribrohantkenina lazzarii, Hant­
kenina alabamensis, H. brevispina, Pseudohas­
tigerina micra larger than 150 microns, Globi-
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gerina ampliapertura and G. galavisi (Figu­
res 2, 3, Plates . 1, 2). 

The main biostratigraphic event in the upper 
Eocene occurs at the top of the Globigerapsis 
semiinvolutus Zone (sample 2, 4) where this 
species goes extinct. In the middle latitude 
Molino de Cobo section G. semiinvolutus is not 
as abundant as in low latitude sections (Keller, 
1986 ), therefore, the population change asso­
ciated with the extinction of this species is 
less pronounced. The Globigerapsis group goes 
extinct 23 m above the last appearance of G. 
·Semiinvolutus in the Molino de Cobo section 
and is associated with carbonate dissolution. 
This is considerably higher thah observed in 
low latitude sections where G. index, the last 
surviving Globigerapsis species, frequently dis­
appears shortly above G. semiinvolutus (Keller, 
1986). Diachroneity of last appearances of these 
species must be assumed between middle and 
low latitudes. 

In some low latitude sections (DSDP Sites 
216 and 292) a microspherule layer of impact 
origin is found near the extinction of G. semi­
involutus and the Globigerapsis group disap­
pears shortly thereafter (Keller, 1986; Keller 
et al., 1987). In our original sample analysis 
glassy microspherules were also found in the 
Molino de Cobo section in sample 4 near the 
extinction of the Globigerapsis group (Keller 
et al., 1987). However, in samples collected 
subsequently at the same locality we failed to 
find microspherules. It is possible that we 
missed collection the layer, or that the micros­
pherules came from surface contamination of 
a yet unknown source. 

Above the decline in the Globigerapsis group 
and the dissolution interval in the Molino de 
Cobo section there is a major decrease, rela­
tive to other species, in the abundance of Glo­
bigerina linaperta and an increase in G. gala­

visi, G. ampliapertura, G. officinalis, G. ouachi­
taensis, Globorotalia nana and Gl. increbescens 
(Figure 3). This suggests a major paleoecologic 
shift possibly toward cooler climatic conditions 
which has also been observed in low latitude 
section (Keller, 1986). A general cooling trend 
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during the late Eocene is indicated in the oxy­
gen isotope record (Corliss et al. , 1984; Ober­
hansli and Toumarkine, 1985; Williams et al., 
1985; Keigwin and Corliss, 1986). 

Eocene-Oligocene Boundary 

The Eocene-Oligocene Boundary is defined 
by the simultaneous extinction of the Globoro­
talia cerroazulensis group (Gl. cerraoazulensis, 
GI. cocoaensis, GI. cunialensis) and the genus 
Hantkenina and Cribrohantkenina. To deter­
mine the nature of these extinctions in the 
Molino de Cobo section a 3 m interval across 
the boundary was sampled at approximately 
25 cm intervals. This expanded boundary sec­
tion revealed that these species extinctions did 
not occur simultaneously (Martinez-Gallego 
and Molina, 1975; Molina, 1979, 1986). The Glo­
borotalia cerroazulensis group disappeared be­
fore the genus Hantkenina (H. alabamensis, 
H. brevispina) ·which disappeared before the 
genus Cribrohantkenina (C. lazzarii) (Table 1, 
Figure 2). Thus, the Eocene-Oligocene boundary 
extinctions appear to have occurred more gra­
dually than previously assumed . . 

Although five species extinctions occurred 
across the Eocene-Oligocene boundary, the 
overall effect on the faunal assemblage appears 
not to have been very dramatic. This is best 
illustrated by the relative abundances of the 
dominant species in Figure 3. The. species going 
extinct were generally less than 10 % of the 
total fauna at the time of their demise; the 
same· has been observed in low latitude sec­
tions (Keller, 1983, 1985, 1986). No new species 
evolved at this time (Figure 2). No major spe­
cies abundance changes are observed (Figu­
re 3), although there is a general increase in 
the deeper water species Catapsydrax and Glo­
boquadrina venezuelana. This increase in the 

deeper water dwellers has also been observed 
in low latitudes (Keller, 1983, 1985, 1986). 

There is, however, a curious morphologic 
change in the size of Pseudohastigerina micra 
at the Eocene-Oligocene boundary which has 
also been observed in the nearby Fuente Cal­
dera section (Molina, 1986) and in low latitude 
sections (Keller, 1983, 1985). Pseudohastigerina 
micra is common to abundant in upper Eocene 
sediments in the size fraction greater than 150 
microns, but disappears from this size frac­
tion above the Eocene-Oligocene boundary 
(Figure 3). In low latitudes this species is still 
common to abundant in the smaller than 150 
micron size fraction along with P. barbadoen­
sis (Keller, 1983, 1985), but in the Molino de 
Cobo section P. _micra is very rare whereas 
P. naguewichiensis s . 1. (which includes P. bar­
badoensis) is common (Table 1, Figure 2). The 
common presence or absence of P. micra in 
the larger than 150 micron size fraction is a 
secondary indicator to differentiate upper Eo­
cene and lower Oligocene sediments. 

Oligocene 

According to Balli' s (1966) zona ti on the 
Oligocene is divided into the Cassigerinella 
chipolensis-Pseudohastigerina micra Zone de­
fined by the extinction of P. micra, and the 
Globerigerina ampli.ipertura Zone defined by 
the first appearance of Globorotalia opima opi­
ma. As noted earlier P. micra is very rare in 
the Oligocene of ·the Molino de Cobo section 
and is therefore not useful as index species. 
The alternative middle latitude zonation of Mo­
lina (1979, 1986) provides better control here. 
The lowermost Oligocene Globigerina gorta­
nii/ G. tapuriensis Zone boundary is defined 
by the first appearance of G. tapuriensis and 
correlates to the P17 / P18 Zone boundary of 

Figure 2 
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Range chart of planktonic foraminifers from the Molino de Cobo section. 
Relative thickness of range lines indicates abundant, common or few specimens. 
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Blow (1979). The first appearance of Globige­
rina angulisuturalis defines the G. selli/G. an­
gulisuturalis Zone boundary and corresponds 
to the base of Zone P21 (Figures 2, 3). All these 
species are rare or absent in low latitudes sec­
tions (Keller, 1983, 1985). 

The lower Oligocene is marked by a relati­
vely low diversity but stable fauna! assemblage 
consisting primarily of Late Eocene survivors. 
There are no major species extinctions or abun- · 
dance changes apparent. Fauna! assemblages 
are characterized by the cool water species 
Globigerina linaperta, G. galavisi, Globorota,lia 
nana and the surface dwellers Globigerina am­
pliapertura and GI. increbescens., Except for 
GI. nana, these species abruptly disappear bet­
ween sampl~s 11 and 11 '3 marking the lower/ 
upper Oligocene boundary (Figures 2, 3). The 
evolving species Globigerina angulisuturalis, 
G. binaiensis, GI. siakensis, Cl. pseudoconti­
nuosa, and common typical Globigerina cipe­
roensis appear above this interval (Figure 2). 
A short hiatus of about 1 m.y. (31.5-32.5 Ma) 
may be present at this fauna! change as sug­
gested by sediment accumulation rates. The 
major fauna! turnover and short hiatus coin­
cide with a major drop in sea level postulated 
by Vail and Hardenbol (1979) and Haq et al. 
(1987). Widespread erosion or nondeposition 
occurred at this time globally as observed by 
the widespread distribution of this hiatus 
(Keller et al., 1986). 

CALCAREOUS NANNOFOSSILS 

Calcareoux · nannofossils from the marly in­
tervals are generally abundant and well diver­
sified. Preservation varies from poor to mode­
rate. Reworked Cretaceous and Eocene nanno­
fossils have been identified throughout this 
section (Figure 4 ). 

As a result of reworked nannofossils the po­
sition of the zonal boundaries based on last 
occurrences are often uncertain. To circum­
vent this problem a semiquantitative analysis 
(Figure 4) to estimate the relative abundances 
of the dominant species has been made · (Fi-
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gure 5). Nevertheless, the zonal boundaries are 
frequently not in the standard relative position 
to the plankton_ic foraminiferal zones as repor­
ted by Berggren et al. (1986). Despite these 
problems a complete sequence of Late Eocene 
Subzone CPlSa to Late Oligocene Subzone 
CP19a has been identified using the biozona­
tion of Bukry (1973 , 1975) and Okada and 
Bukry (1980). 

Late Eocene 

The late Eocene assemblages are characte­
rized by abundant Cyclicargolithus floridanus, 
Coccolithus pelagicus, · Dictyococcites bisectus, 
Ericsonia formosa, Discoaster barbadiensis 
and D. saipanensis (Figures 4, 5). The genus 
Sphenolithus ranges from the late Eocene to 
the early Oligocene and is represented by 
S. moriformis and S . predistentus. Sphenoli­
thus pseudoradians used by Martini (1971) to 
define the base of Zone NP20 was not found. 
The genus Chiasmolithus is very rare and it 
is therefore not possible to calculate the Dis­
coaster/ Chiasmolithus ratio used by Bukry 
(1973) as indicator of water temperature. Zy­
grhablithus bijugatus, Lanternithus minutus 
and a few solution resistant Pedinocyclus lar­
valis were also found ; all these species are 
considered as indicative of near shore environ­
ments. 

The first appearance of I sthmolithus recur­
vus which defines the base of Subzone CPlSb 
occurs near the base of the Molino de Cobo 
section (sample 1, 4 m). The extinction of Cri­
brocentrum reticulatum occurs just below the 
extinction of the disc shaped Discoasters as 
also reported by Nocchi et al. ( 1986) and 
Perch-Nielsen et al. (1986). 

A major biostratigraphic event is the decline 
in abundance and · extinction of Discoaster bar­
badiensis and D. saipanensis. Relative species 
abundance analyses indicates that J)iscoaster 
barbadiensis is always . more abundant than 
D. saipa.nensis and both appear to decline si­
multaneous.ly. The top of Zone CP15b has 
been placed at sample 4 where a strong de-
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crease of D. barbadiensis and D. saipanensis 
is observed. The number of specimens/mm2 of 
D. barbadiensis decreases from 43 in sample 
3 to 13 in sample 4 and to 2 in sample 4, 5. 
Likewise D. saipanensis decreases from 16 spe­
cimens in sample 3, 5 to 3 in sample 4 and 
to 1 in sample 4, 5. A similar decrease in these 
species abundances was also obse.rved in the 
nearby Fuente Caldera section by Monechi 
(1986) and Perch-Nielsen et al. (1986) . The few 
specimens of Discoasters above sample 4 are 
considered reworked (Figure 4, 5). 

Interestingly, the strong decrease and pro­
bable extinction of D. barbadiensis and D. sai­
panensis in the Molino de Cobo section coin­
cides with the decline and extinction of the 
planktonic foraminifer genus Globigerapsis 
and the dissolution interval. No quantitative 
analysis of nannofossils are available from low 
latitudes at this time. Therefore, it is not 
known whether the decline in the nannofossil 
species correlates precisely with the micros­
pherule layer. 

The uppermost Eocene layers between the 
extinction of D. barbadiensis and D. saipanen­
sis, and the Eocene/Oligocene boundary (based 
on planktonic foraminifers ) are characterized 
by the following variations in nannofossils . 

1. A slight increase in the abundance of 
Isthmolithus recurvus, indicative of relatively 
cooler waters. This increase has also been ob­
served in the nearby Fuente Caldera section 
by Monechi ( 1986) and Perch Nielsen et al. 
(1986 ), in the Umbro-Marchean Apennines (Ita­
ly) by Monechi (1986), Nocchi et al. (1986, in 
press ), Premoli Silva et al. (in press), as well 
as in DSDP Site 522-522A (South Atlantic) by 
Backmann (1986 ), in Site 362-363 (Angola Ba­
sin) by Proto Decima (pers. comm.) and in 
several sites of the Pacific Ocean by Perch 
Nielsen (1986 ). 

2. A slight decrease in the abundance of 
Ericsonia formosa .. 

3. An increase in abundance of L. minutus 
and Z. bijugatus near the Eocene/ Oligocene 
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boundary. This event has also been observed 
in Italy (Nocchi et al., 1986) and in Hungary 
(Baldi et al., 1984). 

Early Oligocene 

It was not possible to subdivide the early 
Oligocene Zorie CP16 into subzones CP16a/ 
CP16b ( Ericsonia subdisticha/ E. formosa) be­
cause the acme of E. subdisticha which defines 
this subzonal boundary (Okada and Bukry, 
1980) cannot be recognized. Neither could the 
acme of E. obruta be recorded which was used 
by Madile and Monechi in the Contessa High­
way section to identify the same boundary 
(Premoli Silva et al., in press). The extinction 
of Ericsonia formosa which defines the top of 
Subzone CP16b. is placed in sample 8 (89 m), 
although variable abundance is present throu­
ghout the early Oligocene. 

·In subzone CP16c an increase in abundance 
of L. minutus is observed. A similar increase 
in abundance of L. minutus and Z. bijugatus 
was observed iri CP16b/ c Subzones of the Con­
tessa Highway of Italy by Premoli Silva et al. 
(in press ) and in Hungary by Baldi et al. {1984) 
who interpreted this abundance change as a 
decrease in surface water temperature. 

The extinction of Reticulofenes tra umbilica 
defines the top of Subzone CP16c (R. hillae). 
As with all nannofossil last occurrences in the 
Molino de Cobo section, reworking of older 
sediments makes it difficult to determine the 
true extinction of index fossils. It is assumed 
that the extinctions of, R. umbilica and L. mi­
nutus occur in sample 9'4 (112 m) near the 
extinction of /. recurvus, although rare speci­
mens interpreted as reworked occur above this 
interval. In some sections where R. umbilica 
is rare (e.g. Contessa Quarry in Italy, Lowrie 
et al. , 1982), the extinction of /. recurvus has 
been used to mark the top of Subzone CP16c. 
This suggests that the top of Subzone CP16c 
is inded close to sample 9'4 of the Molino de 
Cobo section. 

The first occurrence of S . distentus in sam­
ple 10'6 ( 137 m) marks the base of Zone CP18, 
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Range chart of calcareous nannofossils from the Molino de Cobo section. 
The assemblages were called abundant (A) if the relative abundances exceeded 
60 % of all components, common (C) it there were more than 40 % coccoliths, 
few (F) for more than 10 % coccoliths and rare (R) for a relative abundance 
of identifiable coccolith of less than 10 % . 

Relative abundance of calcareous nannofossils is based on the frequency of 
the species per field of view in the light microscope at a magnification of 1500. 
The species was considered: A • 1 species x field of view 

C I 0,5·1 species x field of view 
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and the top of this Zone is marked by the 
first appearance of Sphenolithus ciperoensis 
in sample 18 (191 m). 

DISCUSSION 

The correlation between planktonic forami­
nifers and calcareous nannofossils is illustra­
ted in Figure 6 along with the corresponding 
European stages. Over 40 first appearances and 
extinctions of stratigraphically significant spe­
cies (see Plates 1-3) have been identified as use­
ful datum events . Most of these datum events 
cluster around three time periods: the late 
Eocene, at the Eocene-Oligocene boundary, and 
at the early to late Oligocene boundary. Several 
species extinctions and first appearances also 
occur scattered in the early Oligocene, but 
these species are generally very rare (Table 1) . 
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The Globigerapsis extinction ·event in the 
Molino de Cobo section is associated with a 
dissolution interval and involves the extinction 
of all species of the Genus Globigerapsis as 
well as Globigerina transdanubica and Globo­
rotalia pomeroli and coincides with a major 
decline in disc shaped discoasters . A catastro­
phic decline in the disc shaped discoasters at 
this level has also been observed in the nearby 
Fuente Caldera section (Perch-Nielsen et al. , 
1986) and in Umbr ian sequences of Italy (Noc­
chi et al. , 1986 ). These species extinctions and 
faunal abundance changes imply a major pa­
leoceanographic event at this time. 

Oxygen isotope data summarized by Keig­
win and Corliss (1986) show that a global 
cooling trend occur red during middle to late 
Eocene time. This cooling trend resulted in 
gradual replacement of warm water species. 
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Relative abundances of dominant calcareous nannofossils in the Molino de 
Cobo section. Abundance expressed in number of specimens per mm2 at a 

magnification of x 1250. 



The abundance decline and subsequent extinc­
tion of the Globigerapsis group could therefore 
have been a consequence of this global cooling 
trend. However, this interpretation does not 
explain the near instantaneous decline in the 
Globigerapsis group from a high of more than 
60 % to 1 % in low latitudes at the time of 
deposition of a microspherule layer, or from 
20 % to zero in the Molino de Cobo section. 
The demise of the Globigerapsis group in low 
latitudes was probably hastened by an extra-
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terrestrial impact event. It is not yet clear 

whether the extinction of this group in the 
Molino de Cobo section correlates to this event 
or is diachronous, especially since we failed to 
reconfirm our earlier microspherule discovery 
(Keller et al., 1987). 

The Eocene-Oligocene boundary extinction 
event is not associated with any calcareous 
nannofossil species extinctions (Nocchi et al., 
1986) and no major species abundance changes 
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are evident among planktonic foraminifers 
(Keller, 1983, 1985, 1986). However, large 
( > 150 microns) Pseudohastigerina micra 
disappears shortly after the boundary. In addi­
tion, the five foraminifer species extinctions 
occur more gradually than previously thought. 
These fauna! changes may be related to pro­
gressively adverse environmental conditions 
which may be related to the maximum develop­
ment of the psychrosphere, or two layer ocean 
with cold bottom water and warm surface 
water at this time (Kennett and Shackleton, 
1976; Keigwin, 1980). 

The early to late Oligocene extinction event 
is somewhat obscured due to a possible 1 m.y. 
hiatus. Nevertheless, a major faunal turnover 
occurs during this interval with four species 
extinctions and seven first appearances inclu­
ding the nannofossil Dictyococcites abisectus 
and Sphenolithus distentus and the larger ben­
thic foraminifer genus Lepidocyclina which 
appears at the top of the early Oligocene (Fi­
gure 6). The four planktonic foraminiferal spe­
cies Globorotalia increbescens, Globigerina am­
pliapertura, G. linaperta and G. angiporoides 
going extinct are Eocene survivors which cons­
titute between 30-40 % of the foraminiferal 
assemblage. Their demise occurs globally at 
this time (Keller, 1983, 1985). This major fau­
na! turnover may be related to the global 
cooling recognized by Keigwin and Keller 
(1984) at this time and to the drastic sea level 
drop noted by Vail and Hardenbol (1979) and 
Haq et al. ( 1987). 

CONCLUSIONS 

Three major fauna! event are observed in 
the upper Eocene to Oligocene strata of the 
Molino de Cobo section: 

1. Extinction of Globigerapsis group and 
disc shaped discoasters. This faunal event in­
volves the demise of the Globigerapsis group 
( G. index survives into the latest Eocene in 
high latitude sections). Species of the Globige· 
rapsis group constitute 20 % of the total fora­
miniferal population at the time of extinctfon. 
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The disc shaped discoasters D. saipanensis and 
D. barbadiensis also decline dramatically at 
this time. This faunal turnover is associated 
with a dissolution event and a microspherule 
layer in low latitude deep-sea sections. 

2. The Eocene-Oligocene Boundary extinc­
tion event involves 5 planktonic foraminiferal 
species, which did not go extinct simultaneous­
ly, but stretched out over a 3 m interval. The 
Globorotalia cerroazulensis group (Cl. cocoaen­
sis, Cl. cunialensis) disappears before the ex­
tinction of the Genus Hantkenina (H. alaba­
mensis, H. brevispina), which in turn preceeds 
the extinction of Cribrohantkenina (C. lazzarii) 
and Pseudohastigerina micra > 150 microns. 
This gradual extinction event appears to be 
related to adverse environmental conditions 
associated with the maximum development of 
the psychrosphere. 

3. The early/ late Oligocene fauna! turnover 
event involves the extinction of Eocene survi­
vors (Globorotalia increbescens, Clobigerina 
ampliapertura, G. linaperta, and C. angiporoi­
des) and the evolution of late Oligocene to Mio­
cene species (Clobif.!.erina binaiensis, G. angu­
lisuturalis, and Cl. siakensis) as well as two 
nannofossil species (Dictyococcites abisectus 
and Sphenolithus distentus). This faunal tur­
nover appears to be related to paleoceanogra­
phic changes associated with a global cooling 
and major sea level drop. 
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Scale bar 100 µm 

1. Hantkenina alabamensis (Cushman), sample 1,5, top of Globigerapsis 
semiinvolutus Zone. 

2. Globigerapsis semiinvolutus (Keijer), sample 2, G. semiinvolutus Zone. 
3, 4. Globigerapsis index (Finlay), sample 2, G. semiinvolutus Zone. 

5. Globigerapsis laterbacheri (Bolli), sample 2, G. semiinvolutus Zone. 
6. Globigerapsis howei (Blow and Banner) , sample 0, G. semiinvolutus 

Zone. 
7, 8. Globorotalia pomeroli (Toumarkine and Balli), sample 1,5, G. semi­

involutus Zone. 
9, 10. Globorotalia cerroazulensis (Cole), sample 2, G. seimiinvolutus Zone. 

11 , 12. Globorotalia cocoaensis (Cushman), sample 5, Cl. cerroazulensis or 
C. inflata Zone. 

13, 14. · Cribrohantkenina inflata (Howe), sample 2, G. semiinvolutus Zone. 
14, 15. Cribrohantkenina lazzarii (Pericoli). sample 6,4 , Globorotalia cerro­

azulensis or C. lazzarii Zone. 
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PLATE 2 

Scale bar 100 µm 

1, 2. Clobigerina cocaena (Gumbel) , sample 6,49, Cribrohantkenina lazzarii 
or Cloborotalia cerroazulensis Zone. 

3, 4. Pseudohastigerina micra (Cole), sample 2,4, Clobigerapsis semiinvo­
lutus Zone. 

5. Pseudohastigerina barbadoensis (Blow), sample 9, Clobigerina tapu­
riensis Zone. 

6. Chiloguembelina cubensis S. L. (Palmer), sample 9, Clobigerina tapu-
riensis Zone. · 

7. Clobigerina galavisi (Bermudez), sample 6,48, C. lazzarii or Cl. cerro­
azulensis Zone. 

8. Clobigerina tapuriensis (Blow and Banner), sample 9,7, Globigerina 
selli or G. ampliapertura Zone. 

9. Clobigerina selli (Borsetti), sample 12, Globigerina angulisuturalis or 
Globorotalia opima Zone. 

10. Clobigerina binaiensis (Koch), sample 11,3, G. angulisuturalis or Cl. 
opima Zone. 

11, 12. Cloborotalia nana (Balli), sample 5,6, C. lazzarii or Gl. cerroazulensis 
Zone. 

13. Clobigerina gorianii (Borsetti), sample 13,5, C. angulisuturalis or Gl. 
opima Zone. 

14. Cloborotalia siakensis (Le Roy), sample 12, C. angulisuturalis or Cl. 
opima Zone. 

15. Clobigerina angulisuturalis (Balli) , sample 12, C. angulisuturalis or 
Cl. opima Zone. · 

16. Cloborotalia opima (Balli), sample 11 ,7, G. angulisuturalis or Gl. opi­
ma Zone. 
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PLATE 3 

The abbreviations XN and OL denote cross-polarized and trasmited light. 

1. 
2. 

3, 4. 

5, 6. 
7, 8. 

9, 10. 

11, 12. 

13, 14. 

15, 16. 

17, 18. 

19. 20. 

'll, 22. 

23 . . 
24. 

25, 26. 

27. 

Discoaster deflandrei Bramlette and Riedel, sample 3,5 (OL) x 2200. 
Discoaster tani nodifer Bramlette and Riedel, sample 3,5 (OL) x 2200. 
Cruciplacolithus crux (Deflandre and Fert) Roth, sample 3,5. (3) OL, 
(4) XN. x 2200. 
Helicosphaera euphratis Haq, sample 0. (5) OL, (6) XN. x 2200. 
Helicosphaera bramlettei Muller. 
Pontosphaera plana (Bramlette and Sullivan) Haq, sample 0. (9) OL, 
(10) XN. x 2200. 
Pontosphaera multipora (Kamptner) Roth, sample 9. (11) OL, (12) XN. 
x 2200. 
Transversopontis obliquipons (Deflandre) Hay, Mohler and Wade, 
sample 3,5. (13) OL, (14) XN. x 2200. 
Ericsonia formosa (Kamptner) Romein, sample 6,37. (15) OL, (16) XN. 
x 2200. 
Dictyococcites abisectus (Muller) Bukry and Percival, sample 10,6. 
(17) OL, (18) XN. x 2200. 
Zygrhablithus bijugatus (Deflandre) Deflandre, sample 18. (19) OL, 
(20) XN. x 2200. 
Coronocyclus nitescens (Kamptner) Bramlette and Wilcoxon, sam­
ple 2,6. (21) OL, (22) XN. x 2200. 
Corannulus germanicus Stradner, sample 6,5, OL. x 2200. 
Discoaster sublodoensis Bramlette and Sullivan, sample 5, OL. x 2200. 
Chiasmolithus oamaruensis (Deflandre) Hay, Mohler and Wade, sam­
ple 5,6. (25) OL, (26) XN. x 2200. 
Discoaster barbadiensis Tan Sin Hok, sample 3,5, OL. x 2800. 
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1, 2. Reticulofenestra umbilica (Levin) Martini and Ritzkowsky, sample 3,5. 
(1) OL, (2) XN. x 2800. 

3, 4. Ericsonia sp., sample 6,4. (3) OL, (4) XN. x 2800. 
5, 7. Sphenolithus distentus (Martini) Bramlette and x ilcoxon, sample 16. 

(5) OL, (6) XN, (7) XN 45°. x 2800. 
8, 9. Ericsonia obruta Perch Nielsen, sample 5,4. (8) OL, (9) XN. x 2200. 

10, 11. Sphenolithus predistentus Bramlette and Wilcoxon, sample 5,6. (10) OL 
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12. Holodiscolithus solidus (Deflandre) Roth, sample 3,5, OL. x 2200. 
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19. Pedinocyclus larvalis (Bukry and Bramlette) Loeblich and Tappan, 
sample 5,6, OL. x 2800. 
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