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LATE EOCENE TO OLIGOCENE EVENTS:
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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 evenLS: 1) in the upper Eocene at the extinction of
Globigerapsis index, 2) at the Eocene-Oligocene boundary and 3) al tbe lower/upper
Oligocene boundary. The Globigerapsis index extinction event in Ibis 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
miniferal species, which contrary to common belief did not go extinct simulta~

neously, but stretched out over a 3m intervalo 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
O1igocene faunal tumover event involves the extinction of surviving Eocene species
and the evolulion of late Oligocene to Miocene species. A short hiatos may be pre­
sent at this intervalo This faunal turnover is most likely related to global cooling
and a major sea level drop.

El análisis cuantitativo de los foraminíferos planctónicos y nannofosiles calcá­
reos del Eoceno superior y Oligoceno del corte. de Molino de Cobo (Cordillera Bética,
España). pone de manifiesto tres importantes eventos de extinción; en el Eoceno
superior, en el límite Eocene/Oligoceno y en el límite Oligoceno inferior/superior,
respectivamente. El evento del Eoce.no superior implica la súbita desaparición del
genero Globigerapsis. el cual constituia el 20 por 100 del tolal de la población. Los
discoaster en roseta (D. saipanensis y D. barbadiensis) también declinan dramática­
mente en este momento. Estos cambios en las asociaciones de foraminíferos y nan­
nofosiles, coinciden estratigráficamente con un intervalo de disolución.

El evento de. extinción del límite Eoceno/Oligoceno involucra a cinco especies de
foraminíferos planctónicos, las cuales contrariamente a la creencia más generalizada
no se extinguen simultáneamente, sino que se producen en un intervalo de 3 metros.
Este evento de extinción está probablemente ligado al desarrollo definitivo de la
psicrosfera.

El último evento coincide con el límile Oligoceno inferior/superior y supone un
importante relevo; la extinción de especies supervivientes del Eoceno y la evolución
de especies del Oligoceno superior y Mioceno. Este relevo está seguramente ligado
a un enfriamiento global y a una importante caída del nivel del mar, habiéndose
detectado además, un breve hiato dentro de este intervalo.
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INTRODUCTlON

The late middlc Eocene 10 Oligocene repre­
scnts a time of majar paleoenvironmental and
paleoclimatic changes as observed by a series
of stepwise extinctions (Keller. 1983. 1986)
accompanied by a longlerm c1imatic cooling
trend and a permanent dTay in bollom water
temperatures ncal' the Eocene·Oligocene houn­
dary (Shackleton and Kennclt, 1976; Keigwin,
1980; Keigwin and Keller. 1984; Millcr and
Thomas. 1985; Kcigwin and Corliss, 1986;
Oberhansli and Toumark.ine, 1985; Williams
el aL, 1985). 'Lowering of sea level and wides­
pread hiatuses are frenquently associated with
these faunal and climalic cvenls (MilJer el aL,
I98S; Keller el aL, 1986, 1987; Haq el al., 1987).

Faunal changes gene rally parallcl climalic
trends. Late middle Eoeenc tO Oligoeene wano
water asscmblages are sueeessively replaeed
by planktonic foraminifera (Ke!lcr, 1983, 1985,
1986), ealcareous nannoplanklon (Haq and Loh­
man, 1976; Haq el al., 1977; Pereh-Nielsen et
al., 1986), ostraeod faunas (Steincck et al., 1984)
and mollusks (Hut el al., 1987). The climatie
eooling trend is gene rally eonsidered lO be re­
lated lo Ihe developmenl of the drcum-Anlare­
lie eurrenl and subsequent eooling of Antare­
liea initialed by lhe northward movement of
Tasmania and Auslralia by mi~dle Eoeene ti­
me (Wcissel and Hayes, 1972; MeGowran, 1973;
Kennctt, 1977).

The recent diseovcry of t.hree micrOlektite
and relatcd mierospherule layers in low lati­
lude upper Eocene marine sediments (Keller
et al., 1983, 1987; Glass et al., 1985), however,
has suggested that some faunal turnovers
and climalic coolings may have becn triggcred
01- acc!cl-alcd by cxtraterrest,·ial impacl events.
Invcsligation of microplanklon in marine sec­
tians containing one 01' more of these micro­
tcklite or micl"Ospherule layers re"caled lhal
no planktonie foraminiferal specics extinetions
coincide prccisely wilh these cvents, but five
radiolarian spccies cxlinction al·e associalcd
with one lnycr (Maurasse and Glass, 1976; San-
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filippo et al., 1985). One olher microspherule
layer is associated with a catastrophic decline
in the planklOnic foraminiFer Cenus Glabige­
rapsis fe. semiínvolutus, e. luterbacheri, e. ho­
wei) and t.he extinction of lhis group occurs
shortly aboye lhis layer (Keller, 1986; Keller
et al., 1987).

These investigations indieate that species ex­
linetions aione may be a pOOl' measure of the
effect on a population after a sudden environ­
mental jolt such as ao impacI by an eXlraterres·
lria! body. Species popuJatioos are geoeraUy
rare at time oC evolution and extinetion and
reaeh Iheir apex sometime in between. ·Sud­
den adverse environmental eonditions may de­
cimate a species population lO the point whe­
re only Cew individuals survive, bUI do not re­
eover as a stable population, and eventually
become extinel. Quantitative population sludies
based on relative abundances of individuals in
a species may thcrefore provide a more accu­
rate measure oC the covironmental effects
(Keller, 1986). It is therefore important to
search for good physical (microtektites) and
biological (fossil) evidenee in late Eocene sec­
lions, to document whether species eXlinetions
as well as major fauna! tumovers and climatic
changes are triggered by largc body Eanh im­
pacts.

The upper Eocene sedirncnts of the Molino
de Coba scction of the Betic CordilJera of Spain
(Figure 1) offer a unique opportunity to ioves­
tigale biotic cvents during late Eocene to early
Oügoeene time. We have studicd the plankto­
nie foraminifers and ealcareous nannofossils
of this scction quamitatively lO determine the
slratigraphy and population changcs in lerms
oC relative abundanees of dominant species. We
have been able lO document three majar faunal
evcnts which apparcnlly correlate with a late
Eocene evcnt, Ihe Eocene-Oligocene boundary
evenl and the carly/late Oligocenc sea-Ievel
drop. Faunal evenls al thcse lime have also
becn obscrved in lo\V lalilude seetions (Kcller,
1983, 1985, 1986) and are lhus believcd to re­
presenl global events.



LOCATION AND LITHOLOGY

GeographicaJly, thc Molino de Cobo section
is located in (he Cañada de Jaen Ravine, in
the lownship cf El Gobernador (Granada Pro­
vince), 2 km northeast from the village and
200 ro west froro the Molino de Cobo farm­
house. The section is exposed a]ong the Gra­
nada-Madrid railway tracks accessible by a
path fTom the Gobernador viUage lo the Pedro
Martinez train stalion.

Geologically, the Molino de Cobo section is
located in the Subetic Zone of the Betic Cordi­
llera. The section is part of lhe Cañada For­
malioÍl {Eocene-Aquitanian} of the Cardela
Graup. Sediments of the Cañada Formation

out<. ,...

Figure I

Location map oC the Molino de Cobo section
i!'l Andalucia. southcrn Spain.
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are over SOO ro thick and consist of detritic
Iimestone of turbidite origin, interbedded with
tbid hemipelagic mar!s.

Upper Eocene to Oligoeene sedimeots of the
Molino de Cobo section eonsist of 194 m of in­
terbedded bioclaslic calcarenites and macis
that dip 30 degrees north forming the southern
f1ank of a wide syncline. The eontinuation lo­
wards the oucleus was named Cañada de Jaen
(El Gobernador) seetion and biostratigraphi­
cally studied by meaos ef planktonic forami·
nifers (Malina, 1979). The sediments are litho­
logically similar lo tbe nearby coeval Fuente
Caldera section (Comas et al., 1984-85; Molina,
1986), excepl lhat tbe turbidite facies are.less
extensive and 00 olithostromes are present in
the Molino de Cobo section. The bioclastie
calcareoites are 30-90 cm lhick and range from
packestones to pseudograinslones with fre­
quent marly inclusions. The bioclasts consist
mainly of smaller and larger bentbonic fora­
minifera and calcareous algae primari1y of pe·
necontemporaoeous platform origin, although
sorne middle Eocene species have been found.
The autochthonous hemipelagic Olarly inter­
beds mnge between 1-5 ro thiek and do not
eontain displaced larger benthonic foraroini·
fers. Reworked rniddle Eocene planktonic fora­
minifers and calcareaus nannafossils are few
to cornman in sorne mar! beds.

METHOD5

Sediment samples were disaggregated by soa­
king in water ayer night with the addition af
a small amOUnl or 10 OJo hydrogen peroxide. Iri·
durated samples wece also heated to aid the
djsaggregalion process. Samples were then
washed over 63 and 150 rnieron screens with
tap water. Quantitative eounls for faunal ana­
Iysis wece obtained from aliquots (using a Olo­
dified Otto microsplitter) of approximately
300-500 specimens of the size fraetion greater
(han 150 microns. AH spccimens were then
picked from the aliquot and mountcd on a mi­
croslide for identification and 'pennanent re-
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cardo The sample was a150 scanned for rare
species and the smaU size fraclion was exa.
mined far smaller species.

Thin sections were marle cf the calcarenitie
limes tone beds lo study the larger foraminifera
and examine the lithology. Calcareous Danno­
fossils were studied from the marly beds. A
small quantity af a c1ean rack chip was crus·
herl with a pestle in a mortar contain.ing diso
ti1led water (ph 6/7). A drop cf the suspension
was then smeared on a cover slide, dried and
emhedded on a slide with Pyccolite. A semi·
quantitative analyses cf the abunrlance cf do­
minante species was estimated using the Back.
mano and Shackleton (1983) method. Abun.
dance is expressed in number of specimens
per mmJ al a magnification cf x 1250.

BIOSTRATlGRAPHY

PLANKTONIC FORAMINIFERA

A planktonic foraminiferal biostratigraphic
analysis of the Molino de Cobo section was
earlier published by Martinez-Gallego (1974).
We have resampled the section at closer inter­
vals and studied tbe planktonie foraminifera
and caleareous nannofossils based on both
standard biostratigraphic techniques (first and
last appearances of index species) and quanti­
tative faunal analysis. These combined methods
pennit a higher resolution time control and
in addition provide paleoecologic and paleo­
climatic 'information. Quantitative faunal ana·
Iysis can also minimize problems of reworked
older faunas and contamination by isolating
these species. II also permits a more accurate
assessment of the magnitude of an cxtinction
event by providing information 00 the relative
portion of individuals of the population
affected.

Our faunal counts are shown in Table 1.
Figure 2 shows the stratigraphie ranges of
species indieating where they are abundant,
common or few. Figure 3 i1ustrates relative per­
eeot abuodances of dominant species. We have
uscd the standard low Iatitudc zonations of
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BoIli (1966) and Blow (1979) as well as a re­
vised middle latitude zonatioo for this region
by Molina (1979, 1986). BolJi's 10w latit~de
zonation is applicable, except tbat the boun­
dary between Cassigerinella cllipolensis-Pseudo-­
hastigerilla micra and Globigerina amplia­
pertura Zones could not be recognized due
to absence or rarity of P. micra. Blow's zona­
tion was a1so sometimes diffieuh to apply be­
cause of absenee or rarity of species and dif­
ficulty in identification of sorne index species.
In sorne cases (Zones PIS-PI6) the species ran­
ges also appear diaehronous. We therefore pre­
fer Bolli's (1966) zonation to correlate to low
lalilude sections and Molina's (1979, 1986) ro­
natioo for middle latitudes.

Although the aim of this paper is nol lo
discuss the taxonomic problems of tbe plank­
tonie foraminifers, sorne enteria of identifica­
lion should be clarified. The species eoncept
that has been followed in this work is lhe
sarne as proposed by the European Working
Group on Planktonie Forarnioifera (Robasyn­
ski et al., 1984). Thus, no subspecies have been
coosidered. The species are general1y defined
by typological eriteria. and are often morpbo­
types with rather arbitrary boundaries due lo
their interspecific variations. For stratigrapbic
purposes morphotypes with bioslratigraphical
signifieance are choscn. Tbus, sorne of thesc
species may not be tme biological species.
Other speeies rnay inelude a wide variety of
morphotypes of uncertain affinities such as
Catapsydrax unicavus 5_ 1. which ¡neludes
C. pera and eertain .Clobigerinasa with small
abortive final chambers.

Taxonomic problems in this paper a1so eon­
eero the genus Pseudohastigeril1a.. Pseudohasti­
gerina. micra is a laterally eompresscd forro
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 eonsider 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 IUlhped these two smaJl
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 Jowennost 20 m (up to sample 2'4, Figu­
re 2) oF the Molino de Cobo section correspond
to the Gfobigerapsis semiinvolurus Zone. The
top of this zone is defined by the extinction
of G. semiinvolwus. Blow's (1979) PIs/PI6
Zone boundary based in the first appearance
of Cribrohantkemna inlfara occurs at 13m
from the base of the section where also Globi­
gerina gartanii which defines Blow's Zone P17
was found. Both these species first appearan­
ces seem diachronous between middle and low
latítudes (Boersma and Premoli-Silva, 1986).

Species charactenstic oF the Gfobigerapsis
semiinvolutus Zone are G. semiinvolutus, G.
howei, G. index, G. luterbacheri, Glaboratalia
cerrOl1l.ufensis, GI. pomeroli, Globigerina rrans­
danubicá, and abundant G. linaperta (Figu­
res 2, 3, Plates 1,2).

The uppennost pari of the Eocene sediments
(20 m· 68 m) correspond to me Globororalia
cerroazulensis Zone. The top of this zone coin­
cides wilh the extínction of the GI. cerroazu­
lensis group. Molina (1979, 1986) subdivided
tbis 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 (KeUer, 1983, 1985). Because the last
appearance of Gl. cerroazufensis and C. lazzarii
do not occur at the same time, there is a sligbt
difference in age of the Eocene/Oligocene
boundary between MoJina's (1979, 1980) and
BolH's (1966) zonal systems. Characteristic
species of me uppermost Eocene are Glaboro­
talia cocoaensis, Gl. cuniaJensis, GI. 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. gnlavisi (Figu­
res 2, 3, Plates 1, 2).

The maio biostratigraphic event io the upper
Eocene occurs at the top of the Globigerapsis
semiinvalutus 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 wilh tbe extinction of this species is
less pronounced. Tbe Globigerapsis group goes
extinct 23 m aboye the last appearance of G.
semiinvolutus in the Molino de Cobo section
and is associated with carbonate dissolution.
This is considerably' higher than observed. in
low latitude sections where G. index, the last
surviving Globigerapsis species, Frequently dis­
appears sbortly above G. semiinvolutus (Keller,
1986). Oiachroneity of last appearances of these
species must be assumed between middle and
low latitudes.

In sorne low latitude sections (DSDP Sites
216 and 292) a microspberule layer of impact
origin is found near the extinction of G. semi­
involwus and tbe Globigerapsis group disap­
pears shortly thereafter (Keller, 1986; Keller
et al., 1987). In OUT original sample analysis
glassy microspberuJes were also found in tbe
Molino de Cobo section in sample 4 near the
extinction of the Globigerapsis group (Kel1er
et al., 1987). However, in samples coIlected
subsequently at the same locality we failed to
find microspheruJes. It is possible that we
missed coUection the ¡ayer, or lhat the micros­
pherules carne from surface contamination of
a yet unknowo source.

Above the decline in tbe Globigerapsis group
and the dissolution interval in ¡he Molino de
Coba section there is a major decrease, rela­
tive to other species, in tbe abundance of Glo­
bigerina linaperta and an increase in G. gala­
visi, G. ampliapertura, G. officinalis, G. ouachi­
taensis, Gfoborotalia 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 Encene is indicated in the oxy­
gen isotope record (Corliss el aL, 1984; Ober­
hansli and Toumarkine, 1985; Williams el aL,
1985; Keigwin and Corliss, 1986).

Eocenc-Oligocene Bounda!")'

The Eocene-Oligocene Boundary is defined
by the simultaneous extinction of the Glaboro­
Tafia cerroaz.ulensis eroup (GI. cerraoazulensis,
GI. cocoaensis, Gl. crmialensis) and the genus
Hantkenilla and Cribrohanlkenina. To deter­
mine the nature of these extinctions in the
Molino de Cobo section a 3 m interval across
the boundary was sampled al approximately
25 cm intervals. This expanded bounclary sec­
tion revealed that these species extinctions did
nol occur simultaneously (Martinez·Gallego
and Molina, 1975; Molina, 1979, 1986). The G/o­
borotalia cerroaztllensis group disappeared be­
fore the genus Hantkenina (H. alabamensis,
H. brevispilTa) 'which disappeared before the
genus Cribrohanlkenj¡1Q re. fazzariO (Table 1,
Figure 2). Thus, Ihe Eocene-Oligocene boundary
extinctions appear to have occurred more gra­
dually than prcviously 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
illustraled by the relative abundances of the
dominanl species in Figur~ 3. The' spedes going
extinct were general1y less than 10 % of the
total fauna at the time of their demise; the
same' has been observed in low latitude sec­
tions (Kel1cr, 1983, 1985, 1986). No new species
evolved at lhis time (Figure 2). No majar spe­
des abundance ehanges are observed (Figu­
re 3), although lhere is a general increase in
the deeper water spedes Calapsydrax and Gio­
boquadrina venezuelana. This inerease in the

deeper water dwellers has also been observed
in low lalitudes (Keller, 19B3, 1985, 1986).

There is, however, a cucious morphologic
ehange in the size of Psel/dohastigerina micra
at the Eocene-Oligoccne houndary which has
also been ohserved in the nearby Fuente Cal­
dera seclion (Molina, 1986) and in low latitude
sections (Kel1er, 1983, 1985). Psetldohastigerina
micra is common to abundant in upper Eocene
sedimenls in the size fraction greatcr than 150
mierons, hui disappcars from lhis size frac­
tion aboye the Eocene-Oligocene boundary
(Figure 3). In low latitudes this species is still
common lO abundant in the smaller than 150
micron size fraction along with P. barbadoen­
sis (Keller, 1983, 1985), but in Ihe Molino de
Cobo section P. micra is very rare whereas
P. nagtlewichiensis s. L (which ineludes P. bar­
badoel1sis) is common (Table 1, Figure 2). The
common presence or absence of P. micra in
Ihe larger than ISO micron size fraclion is a
seconclary indicator lo differentiate upper Eo­
cene and lower Oligocene sediments.

Oligocene

According lo Bolli's (1966) zonation the
Oligocene is divided inlo the Cassigerhwlla
cllipolel1sis-Pselldohasfigeril7a micra Zone de­
fined by the extinction of P. micra, and the
Globerigeril1a amplil1.perll1Ya 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 altemative middle lalitude zonation of Mo·
lina (1979, 1986) provides better control here.
The lowermost Oligocene Globigeril1a gorta­
¡¡¡iIG. faptlriemis Zone boundary is defined
by the firsl appearance of G. taptlriel1sis and
correlates to the P17/P18 Zone boundary of

Figure 2
Range chart of planktonic foraminifers from the Molino de Cabo section.
Relative thickness of range lines indica tes abundant, common or few specimens.
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Blow (1979). The first appearance of Globige·
rina aflgulisuturalis defines lhe C. selli/G. ano
gulisuturalis Zone boundary and corresponds
lo Lbe base of Zone P21 (Figures 2. 3). All thes~

species are rare or absent in low latitudes sec­
liaos (KeUer, 1983, 1985).

The lower Oligocene is marked by a relati­
vely low diversity bUl stable faunal assemblage
consisting primarily of Late Eocene survivors.
There are no majar species extinclions or abun­
dance changes apparent. Faunal assemblages
are charaeterized by the coa! water species
GlobigeriJ1a linaperta, G. galavisi, Globorota.lia
nana and the surface dwellers Globigerina amo
pliapertura and Gl. increbescens.. Except for
GI. nana, these species ahruptly disappear bet­
ween samples 11 and 11'3 marking the lower/
upper Oligocene boundary (Figures 2, 3). The
evolving species Globigerina angulisuturalis,
G. binaiensis, Gl. siakensis, Gl. pseudoconti­
nuosa, and common typical Globigerina cipe·
roensis appear aboye lrus interval (Figure 2).
A shon hiatus of about 1 m.y. (31.5-32.5 Ma)
may be presenl at this faunal change as sug­
gested by sediment accumulation rates. The
majar faunal 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 lhis time globally as observed by
the widespread distribution of Lhis hiatus
(Keller el al., 1986).

CALCAREOUS NANNOFOSSILS

Calcareoux nannofossils from Lhe marly in­
tervals are generally abundant and well diver·
sified. Preservation varies from poor lo mode·
raleo Reworked Cretaceous and Eocene nanno­
fossils have been identified lhroughout this
seetion (Figure ~).

As a resul t of reworked nannofossils tbe po­
sitian of the zonal boundaries based on last
occurrences are often uncertain. To circum­
vent this problem a semiquantilative analysis
(Figure 4) lo estimate the relative abundances
of the domioant species has heen roade· (Fi-
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gure 5). Nevertheless, lhe zonal'boundaries are
frequenlly not in tbe standard relative position
to lhe planktonic foraminiferal zones as repor·
ted by Beruren et al. (1986). Despite these
problems a complete sequence of Late Eocene
Subzone CP15a to Late Oligocene Subzone
CP19a has becn 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 Iloridanus,
Coccolilhus pelagicus, Dictyococciles bisectus,
Ericsonia formosa, Discoaster btirbadiensis
and D. saipanensis (Figures 4, 5). The genus
Spllenolilhus ranges from the late Eocene to
the early Oligoccne and is represented by
S. moriformis and S. predistenlus. Sphenoli­
tifus pseudoradians used by Martini (1971) to
define the base of Zone NP20 was nol found.
Tbe genus Chiasmolilhus is very rare and it
is lherefore not possible to cakulate the Dis­
coaster/Chiasmolitlzus ratio used by Bukry
(1973) as indicator of water temperature. Zy­
grhablithus bijugatus, Lallternithus minutus
and a few solution resistanl Pedinocyclus lar­
valis were also found; all these species are
considered as indicative of ncar shore environ­
ments.

The first appearance of lsrhmolithus recur­
vus which defines the base of Subzone CP15b
occurs near the base of the Molino de Cabo
section (sample 1,4 m). The extinction of Cri­
broce'ltrum 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 lhe decline
in abundance and extinction oC Discoaster bar­
badiensis and D. saipanensis. Relative species
abundance analyses indicates that Discoaster
barbadiensis is always more abundant than
D. saipanel1sis 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/mml of
D. barbadiensis decreases from 43 in sample
3 lo 13 in sample 4 and lO 2 in sample 4, 5.
Likewise D. saipanensis decreases from 16 spe·
cimens in sample 3. 5 to 3 in sample 4 and
lo 1 in sample 4, S. A similar decrease in these
species abundances was a150 observed in lhe
nearby Fuente Caldera section by Monechi
(1986) and Perch-Nielsen el al. (1986). The few
specimens of Diseoasters above sample 4 are
considered reworked (Figure 4, 5).

Imerestingly. the strong decrease and pro­
bable extinction of D. barbadiensis and D. sajo
panensis in t..he Molino de Cobo seclion coin·
cides Wilh the decline and extinction of the
planklOnic foraminifer genus Globigerapsis
and [he dissolution interval. No quantitative
analysis of nannofossils are available fram low
latitudes at this time. Therefore, it is not
known whether the decline in lhe nannofossil
species con-eiates preciscly with the micras­
pherule layer.

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

1. A slight increase in lhe abundance of
ISll1molilhus recurvus, indicative of relative1y
caoler walcrs. This increase has also been ob­
served in lhc nearby Fuente Caldera section
by Monechi (1986) and Pcrch Nielsen et al.
(1986), in lhe Umbro-Marchean Apennines (Ita·
Iy) by Monechi (l986). Nocchi et al. (1986, in
press), Premoli Silva et al. (in press). as well
as in DSDP Site 522·522A (Soulh Atlantic) by
Backmann (1986), in Sitc 362-363 (Angola Ba­
sin) by Proto Decima (pers. comm.) and in
several si tes of the Pacific Oeean by Perch
Niclsco (1986).

2. A slight decrease in lhe abundance of
Ericsonia far/nasa ..

3. An increase in abundance or L. miltUfus
and Z. bijugatus ncar the Eoccne/Oligocene

500

boundary. This event has also b....---en observed
in rtaly (Nocchi et al.. 1986) and in Hungary
(Baldi el al., 1984).

Early Ollgocene

rt was not possible to subdivide the early
Oligocene Zone CPI6 inla subzones CPlóa/
CPI6b (Ericsonia subdisficha/E. formosa) be­
cause the acme of E. subdisficha which defines
this subzonal boundary (Okada and Bukry,
1980) cannot be recognized. Ncither could the
acme of E. obrufa 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. extinclion
of EricSO'lia formosa which defines the top of
Subzone CP16b is placed in sample 8 (89 m),
although variable abundance is presenl throu­
ghout lhe earIy Oligocene.

In subzone CPlóc an increase in abundance
of L. mimltus is observed. A similar increase
in abundance of L. minufus and Z. bijugatus
was observed in CP16b/c Subzones of the Con­
lessa Highway of Italy by Premoli Silva et al.
(in press) and in Hungary by Baldi el al. (1984)
who interpreled this abundance change as a
decrease in surface water temperature.

The extinction of Reficulofenestra umbilica
defines the top of Subzone CPI6c (R. hillae).
As wilh all nannofossil last occurrences in the
Molino de Cabo section, reworking of older
sediments makes it difricuh lo determine the
true extinction of index fossils. It is assumed
that lhe extinctions of, R. wnbilica and L. mi·
nutus occur in sample 9'4 (112 m) near the
extinction of l. recurvus, altbough rare speci­
meos intcrpreted as reworked occur above trus
interval. In sorne sections where R. umbilica
is rare (e.g. Contessa Quarry in Italy, Lowrie
el al., 1982), the extinclion of l. recurvus has
becn used to mark the top of Subzone CPI6c.
This suggests that the top of Subzone CPI6c
is inded c10se to sample 9'4 of the Molino de
Cobo section.

The first occurrence or S. dislenlus in sam­
ple 10'6 (137 ro) marks the base of Zone CPI8,
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+ Reworkcd species F ~ 1-4 species x 10 field of view
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Ihis leve! has al so been observed in the nearby
Fuente Caldera seelion (Perch-Nielsen et al.,
1986) and in Umbrian sequcnees or haly (Noc­
chi et al., 1986). These species extinctions and
faunal abundance changes imply a majar pa­
leoeeanagraphic event al Ihis time.
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The correlation between planktonic farami­
nifers and calcareous nannofossils is il1ustra­
ted in Figure 6 along wilh the con-csponding
EW'opean stages. Over 40 first appearances and
extinctions uf stratigraphically significant spe­
cies (see Plates 1-3) have becn irlenlified as use­
fui dalum events. Mast uf tbese datum events
cluster around three time periods: the late
Eocene, al ¡he Eocene-Oligocene boundary, and
al the early lo late Olígoccnc boundary. Severa}
species extinctions and first appearances a1so
occur scattered in the early Oligocene, bu!
these species are general1y very rare (Table 1).

DJSCUSSION

::md the top of lhis Zone is marked by the
first appearance uf Sphcl10lirhus ciperoensis
in sample 18 (191 m).

Figure 5

Relative abundances of domimml ea1careous nannofossils in the Molino de
Cobo seclion. Abundance cxpresscd in numbcr of spccimcns pcr mm2 at a

magnif.ication of x 1250.
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Eocene-Oligocene boundary exlinction
event is not associated \Vilh any calcareous
nannofossil specics cxlinctions (Nocchi et al.,
1986) and no majar spccics abundance changes

lerreslrial impact evenl. TI is nol yet clear

whclher lhc extinction of Ihis gmup in Ihe
Molino de Coba scction con-elates lO this evenl
01' is diachronoLls, espedal1y since we failed lo

reconfirm our earlier microspherule discovery
(Keller et aL, 1987).

The

The abundance decline <lnd subsequent extinc­
lion of Ihe Globigerapsis group could Iherefore
have becn a consequence of this global cooling
trend_ However, Lhis inlerpretation does not
cxplain lhe near inslanlaneous decline in the
Globigerapsis group from a high of more Ihan
60 % lo I % in low latitudes al Lhe time of
deposition of a microspherulc layer. or from
20 % to zem in ¡he Molino de Coba section.
The de mise of Ihe Globigerapsis group in low
latitudes \Vas probably has tened by an extra-
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Percent abundance data of specics in Lhe Molino de Coba scclion bascd on
population counts of 300-500 individuals. X = lcss than 2 %.
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are evidcnt among planktonic foraminifers
(Keller, 1983. 1985, 1986). However, large
(> 150 microns) Pseudohasrigerina micra
disappears shortly after the boundary. ln addj·
tion. lhe five foraminifer species extinctions
occur more gradually Ihan previously thougbt.
These faunal changes may be related to pro·
gressively adverse environmental condilions
which may be related lO the maximum develop­
meDt of lhe psychrosphere, or two layer ocean
with cold bollom water and warm surface
water al this time (Keonett and Shackleton.
1976; Keigwin, 1980).

The earIy to late Oligocene extinction even t

is somewhat obscured due to a possible 1 m.y.
hiatus. Nevertheless. a majar faunal turnover
occurs during Ihis interval with four species
extinclions and seven firsl appearanees inclu­
ding the nannofossil Dictyococcites abisectus
and Spheno/ithus distentus and the larger ben­
thic foraminifer genus Lepidocyclina which
appears at the 10p of lhe early Oligocene (Fi­
gure 6). The four planktonic foraminiferal spe­
des Globorotalia increbescel1s, Globigerina am­
pliapertura, G. linapena and G. angiporoides
going extinct are Eocene survivors which cons­
titute between 30-40 % of the foraminiferal
assemblage. Their clemisc occurs globally al
this time ·(KeIler, 1983, 1985). This major fau­
nal tumover may be related to the global
cooling recognized by Keigwin and Keller
(l984) at this time and to the drastic sea level
drop noted by Vail and Hardenbol (1979) and
Haq el al. (1987).

CONCLUSIONS

Three major faunal event are observed in
lhe upper Eoccne to Oligocene strata of the
Molino de Cobo section:

1. Extinction of Globigerapsis group and
disc shaped discoasters. This Faunal event in­
volves the demisc of the Globigerapsis group
(e. il1dex survives in lo the lalest Eocene in
high lalilude sections). Species of the elobige·
rapsL~ group constitute 20 % of the lotal fora­
minifcral populalion at the time of eXlinction.
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The dise 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 cvent involves S planktonic foraminiferal
species, which did not go extinct simultaneous­
Iy, but stretched oul over a 3 m interval. The
Globorotalia ccrroazulensis group (el. cocoaen­
<;is, GI. CL/nialensis) disappears before the ex·
tinction of the Genus Hantkenina (H. alaba·
mensis, 1/. brevispinaJ, which in tum preceeds
the extinction of Cribrohant kel1ina (e. lau.arii)
and Pseudohastigerina micra > 150 microns.
This gradual extinction event appears to be
related to adverse environmental conditions
associated with the maximum development of
I he psychrosphere.

3. The early/latc Oligocene faunal turnover
event involves thc extinclion of Eocene survi­
vors (Globorotalia increbescens, Globigerina
ampliapertura, G. /inaperra, and G. angiporoi­
des) and the evolution of late Oligocene to Mio­
cene spedes (Globif!,eri/la binaiensis, G. angtl­

Iisuturalis, and el. siakensisJ as wel1 as two
nannofossi¡ spccies (Dictyococcites abisectus
and Spllenolitllus distentus). This faunal tur­
nover appears to be rclatcd lO paleoceanogra·
phic changes associatcd with a global cooling
and majar sea leve! drop.
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Scale bar = 100 ¡.lm
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PLATE 2

Scale bar = 100 um

1. 2. Globigerina cocaella (Gumbel), samplc 6,49, Cribrohantkeniru1 lauarU
or Globormalia cerruazulensis Zonc.
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seW or G. ampliaperlura lonc.
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PLATE 3

The abbrevialions XN and QL de,note cross-poIarized and trasmited light.

1. Discoaster de/landrei Bramlelte and Riedel, sample 3,5 (OL) x 2200.
2. Discoasler lani nodifer Bramlette and Riedcl, sampIe 3,5 (Ol) x 2200.

3, 4. Cruciplacolill1us crux (Deflandre and Fert) ROlh, samplc 3,5. (3) OL,
(4) XN. x 2200.
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,(lO) XN. x 2200.
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x 2200.

13, 14. Transversopon/is obliquipons (Deflandre) Hay, Mohlcr and Wade,
sample 3,5. (13) OL, (14) XN. x 2200.
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PlATE 4

Reticlllofel1estra lIlIlbilica (Levin) Martini and Ritzkowsky, samplc 3,5.
(1) Ol, (2) XN. x 2800.
EricsOIlia sp., sample 6,4. (3) Ol, (4) XN. x 2800.
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