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Abstract: The calcareous nannofossil content of the Upper Coniacian-Lower Santonian sediments
of the Olazagutia section (Navarra Province, N Spain) was investigated. The analyzed samples
yielded diversified nannofioral assemblages, belonging to Nannofossil Zones CC15 to CC16 of
SissincH (1977) and UCT0 to UC12 of Burnert (1998) respectively. The following bioevents, in
stratigraphic order, characterized the Coniacian/Santonian boundary interval in the studied section:
successive FOs of nannofossils Lithastrinus griflii and Lucianorhabdus cayeuxii (Upper Coniaciany,
FO of nannofossil Calcufites obscurus, including morphotypes (Uppermost Coniacian); FO of
inoceramid Platyceramus undufatoplicatus (Coniacian/Santonian boundary); FO of planktonic
foraminifera Dicarinella asymetrica, within the Lowermost Santonian, followed by the FO of
planktonic foraminifera Sigalia carpatica (according to Lamotoa et al., 1999}, LO of nannofossil
Lithastrinus septenarius {Lower Santonian).

Other nannofossil events observed in the analyzed succession are the high abundances of the
Lucianorhabdus spp. and Micula concava (in the Coniacian-Santonian boundary interval), followed
by the increasing abundance of Cafculites (within the lowermost Santonian).

Keywords: Calcareous Narnofossils, Foraminifera, Biostratigraphy, Coniacian/Santonian Boundary,
Otazagutia, Spain

1. INTRODUCTION

Pelagic and/or hemipelagic marine sediments, which yield rich and well preserved fossil
associations, were deposited in the Navarro-Cantabrian Trough (N Spain) during the
Upper Cretaceous. In particular, an exceptionai preservation of the marine sediments
covering the Coniacian/Santonian boundary is present. Previous biostratigraphical
studies of the Coniacian-Santonian Interval from northern Spain have documented the
presence in these sediments of diverse macro- and microfossils, as well as nannofossil
assemblages typical of low-middle latitudes (LamoLoa, 1984; RopriGUEZ & LAMOLDA, 1986
Flores et al., 1987; Santamarla, 1992; Marrinez et al., 1996).

Among the sections with a continuous sedimentation across the Coniacian/Santonian
boundary intervai is that at Olazagutia, in the Navarra Province (N Spain). This section
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was selected during the Second International Symposium on Cretaceous Stage Bound-

aries {(Brussels, 1995) as one of the three candidates for the Coniacian/Santonian

Boundary Stratotype Section. The other two proposed sections are Seaford Head

(Sussex, England) and Ten Mile Creek (Dailas, USA).

Recently, the Santonian Working Group recommended two biomarkers for recogni-
zing the Coniacian/Santonian boundary (Lamoiba & Mancock, 1996):
~ primary marker: the lowest occurrence of the inoceramid species Platyceramus

undulatoplicatus (Roemer). This taxon is widespread (known from North America,

Africa and central Asia) as well as being easily recognizable;

- secondary marker: the lowest occurrence of the planktonic foraminiferal species
Sigalia carpatica Sata & SamueL, a taxon especially common in the Mediterranean
region.

Both marker species, Platyceramus undulatoplicatus (Kanneneere, 1985, Grare, 1994,

GaLenil et al., 1997), and Sigalia carpatica, have been identified in Olazagutia (LamoLoa

et al., 1999).

Former studies of the Upper Coniacian and Lower Santonian sedimenits from Olaza-
gutia {Lamotba et al., 1999) identified some important additional bioevents, such as the
first occurrence (FO) of the planktonic foraminiferal species Dicarinella asymetrica
(Sicav), slightly above the Coniacian/Santonian boundary and the FO of the nannofossil
Lithastrinus grillii Straoner, below the boundary. Further sampling of the Olazagutia
section, during 1998 and 1999, allow us to present detaifed qualitative and quantitative
studies of the calcareous nannofioras,

One aim of this paper is to describe the detailed biostratigraphy of the Coniacian/
Santonian boundary interval, based on the nannofloral distribution from Olazagutia. To
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Fig. 1: Study area: the Olazagutia section (Navarra, NE Spain). CM = Cantera de Margas (Marl
Quarry),
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obtain an integrated biozonation of this interval, the nannofioral events were correlated
with the macro- and microfaunal ones. A comparison of the nannofossil events observed
in the Olazagutia section, around the Coniacian/Santonian boundary interval, with those
recorded in other representative sections of the same interval, was also undertaken.

2. STUDY AREA

The Olazagutia section is jocated in the Eguibil Marl Quarry, Navarra Province, northern
Spain (Fig. 1). The entire sequence exposed covers the Coniacian to Camparian. The
Coniacian/Santonian boundary interval crops out along the access ramp to the main
quarry face and constitutes a durable and periodically maintained exposure. The key
interval is characterized lithologically by predominantly marly sedimentation, with some
intercalations of marly limestones. The upper part of the succession studied is dominated
by limestones.

The most abundant macrofossils are echinoids, represented by species of the genera
Micraster, Hemiaster, Cardiaster and Offaster (Gawemi et al,, 1997; Gawcem! et al., 2000).
Within the Coniacian/Santorian boundary interval, severai biohorizons containing the
inoceramid species Platyceramus undulatoplicatus were identified. The oldest occur-
rence of this taxon marks the Coniacian/Santonian boundary in this section. Ammonites
are not particularly abundant. The first texanitid identified so far occurs 120m above the
FO of Platyceramus undulatoplicatus. The Coniacian/Santonian boundary interval also
yields diverse planktonic and benthic foraminiferal assemblages. The FO of the planktonic
foraminifera Dicarinelia asymetrica was observed slightly above (1.8m) the FO of
Platyceramus undulatoplicatus, followed by the FO of Sigalia carpatica (LamoLpa et al.,
1999).

3. MATERIAL AND METHODS

A total of 30 samples, covering 46m of sediments, were investigated for their calcarecus
nannofossil cantent. Preparation of smear-slides for light microscope study followed the
technique described in Lamowpa et al. (1994). The distributions of the taxa listed in Fig. 2
were determined by light microscope techniques (normal light and crossed-nicols).
Bibliographical references for the taxa recognized are giver: in PsrcH-Niewsen (1985) and
Bown (1998}

Both qualitative and quantitative studies of calcareous nannofossils were performed.
For each slide at least 500 specimens were counted in randomly distributed longitudinal
transverses. Species counts are expressed as a percentage of the total count for each
assemblage. The diversity index is the number of taxa found in each sample.

The preservation of the observed nannofloral assemblages is moderate to good. Only
a few specimens showed slight to moderate overgrowth. Partial dissolution of some taxa
with delicate structures, such as Coroliithion exiguum and Corollithion signum, was also
observed.
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lAhmuellerella octoradiata
lAmphizygus brooksif
Biscutunt constans .
Braarudosphagra bigeiowii
Braarudosphaera reguiaris
Broinsonia signata
Caloulites ovalis
Chiaslozygus amphipons
Chiaslozygus litterarius
Coroflithion exiguum
Cretarhabous conicus
Cretarhabdus crenulatus
Cribrocorona gallica .
Cribrosphacrélta ehrenbergif
Cyclagelosphaera margerelii
Cyclage:‘o%pha_era reinhardti
Discorhabdus ignolus
Eiffellithus eximius
Eiffelithus turriseiffali
Eprolithus floralis
artnerago segmantatum
Haqius circumradiatus
Helicolithus trabeculatus
Kamplnerivs magnificus
Lithraphidites carniclensis
L ucianorhabdus maleformis
L ucianorhabdus quadrifidus
\Manivitella pemmaloidea
Microrhabdulus belgicus
Microrhabdulus decoratus
Micula concava
Micula decussata
Nannoconus eiongatus
MNannoconus mullicagus
Nannoconus regulans
Nannoconus trutti sk
Octolithus multiplus
Prediscosphaera cretacea
Prediscosphaera grandis
Prediscasphaera spinosa
Placozygus fibuliformis
Quadriin %armerl
Reinhargiles anthophorus
Rotelapilius faffiltaf
Staurofithiles crux
Togumentum stradneri
Thiersteinia acclesiastica
Tranolithus orionatus
\Walznauetia barnesae
Zeugrhabdotus embergers
Corolfithion signum
[ ithastrinus seplenarius
Lithastrinus grilii .
{ ucianorhabdus cayeuxi
Calculites percenis
Zeugrhabdolus ereclus
Calculites obscurus
Braarudosphaera of. B. turbinea
Lucianorhabdus inflalus
Rhagodiscus angustus
Broinsonia enormis
Marthasterites furcalus
Rhagodiscus splendens
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Fig. 2¢ Range-chart of nannofossil species in the Olazagutia section. Abundances were recorded as
follows: A-abundant, >1specimen/field of view (FOV); C-commeon, 1 specimen/2~10 FOV;

F-few, 1 specimen/11-20F0OV; R-rare, 1 specimen/>20 FOV.
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4. RESULTS

4.1, Diversity

The marly carbonate-rich sediments of the Coniacian/Santenian boundary interval from
Olazagutia contain highly diverse nannoflorat assemblages. In all, 63 different taxa were
encountered in the succession studied (Fig. 2). Species diversity (number of species/
sample} declines up-section, from about 50 species in the Upper Coniacian to about 40
species in the Lower Santonian. Relatively minor changes in diversity occur in the Upper
Coniacian, whereas Lower $antonian samples show frequent shifts in diversity, especially
near the Coniacian/Santonian boundary and in the lowermost Santonian.

The nannofossil assemblages are dominated by the long-ranging taxa Walznaueria
barnesae, Chiastozygus spp., Cretarhabdus spp., Eiffellithus spp., Prediscosphaera spp.
and Tranolithus orionatus. A high diversity of the Polycycioiithaceae, represented by the
taxa Eprolithus floralis, Lithastrinus grillii, Lithastrinus septenarius, Micula decussata,
Micula concava and Quadrum gartneri was also observed. Prediscosphaera grandis and
Cribrocorona gallica, taxa with their FOs within the Ceniacian/Santonian boundary
interval (BurwerT, 1998) are also present, but relatively rare.

A distinct component of the nannofossil assemblages is represented by holococco-
liths. Commenly, Lucianorhabdus maleformis, Lucianorhabdus inflatus, Lucianorhabdus
quadrifidus and Lucianorhabdus cayeuxii, as well as Calculites ovalis, Calculites perce-
nis and several morphotypes of Calculites obscurus were identified.

Note that in Fig. 2 all the morphotypes of Calculites obscurus encountered in the
studied section have been included in this taxon. Note further that these morphotypes
(transitional forms from Calculites ovalis to Calculites obscurus), were first described
from the Late Coniacian to Early Santonian sediments of the Gosau Group in Austria
(WacreIcH, 1991).

Nannoconids, including: Nannoconus truitti s.|., N. multicadus, N. regularis and N.
elongatus, are also present throughout the succession,

Besides taxa having a continuous and consistent occurrence in the section, some
species, such as Biscutum ellipticum, Broinsonia signata, Gartrerago segmentatum,
Marthasterites furcatus and Kamptnerius magnificus, oceur sporadically, especially in the
tower Santonian.

4.2. Abundance

Several calcareous nannofossi taxa from the Olazagutia section were selected for
guantitative analysis. These include Watznaueria barnesae, Micula concava, Micula
decussata, Lucianorhabdus spp., Calculites spp., Nannoconus spp. and Eiffellithus spp.
(Fig. 3).

Watznaueria barnesae is abundant in all the samples. It is weil known that this taxon
is resistant to dissolution and diagenetic afteration and was the most abundant Cretaceous
nannofossil. Dominance of this species is regarded as indicating diagenetic alteration.
Associations in which W. barnesae exceeds 40% indicate strong dissolution according to
RotH & KrumaacH {1986). However, other authors considered W. barnesae to be an
eurytopic species (MurTerLose, 1991) and to indicate diagenetic aiteration only when it
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Fig. 3: Taxonomic diversity and fluctuations (in percentages) of selected calcarecus nannofossil
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forms more than 70% of the nannoflora (WitLiams & BraLower, 1995}, In the Olazagutia
section, W. bamesae represents between 9-26% of the total nannofloral assemblage,
with the highest value in the Lower Santonian. Highest percentages of W. barnesae
coincide with a low diversity and vice-versa (Fig. 3). This pattern, which is similar to that
reported by Rom & Krumiack (1986), indicates an inverse relationship between specific
diversity and percentage of W. barnesae and is well known from Upper Cenomanian-
Lower Turonian localities in northern Spain and southern England (Lamowpa et al,, 1994,
LamoLpa and Gorostinl, 1996; Pauc ef al., 1999).

Other taxa selected for quantitative analyses are Micula concava and Micula decus-
sata. The percentages of Micula concava vary between 2-12%, whereas Micula decus-
sata represents 4-8% of the total nannofioral assemblage. There is also a positive
correlation between M. concava and M. decussata, both species having the highest
abundance at the top of the Coniacian. A similar abundance pattern to that shown by
M. concava and M. decussata has been observed in the Upper Coniacian-Lower Santo-
nian deposits of western Alava Province, northern Spain (Gorostion et al., 1990).

The abundance of the Lucianorhabdus group (which includes L. maleformis, L.
quadrifidus and L. cayeuxii} varies from 6% to 21% of the total nannofloral assemblage,
indicating a significant fluctuation through the section. This also correlates positively
with the pattern for Micula spp. Note that the highest abundance of Luciariorhabdus
was observed in the uppermost Coniacian, only a few centimeters below the FO of
Piatyceramus undulataplicatus.

The Calculites group (including C. ovalis, C. percenis and C. obscurus) represents
between 7 and 15% of the total assemblage, with low values throughout the Coniacian/
Santonian boundary, and a short and significant recovery in the lowermost Santonian.

The abundance of the Nannoconus group {including N. elongatus, N. muiticadus, N.
regularis and N. truitti s} decreased up-section, varying between 7 and 18% of the
total identified nannoflora. A sharp decrease was observed slightly below the Coniacian/
Santonian boundary. A negative correlation between the abundance of Lucianorhabdus
and Nannoconus was usually recorded.

Another analyzed group was Eiffeliithus (which includes E. turriseiffelii and E.
eximius). The abundance of this group decreased progressively up the succession. The
highest recorded value is 18% of the total assemblage, in the Upper Coniacian, whereas
the lowest is 5%, in the Lower Santonian.

5. DISCUSSION

5.1. Nannofossil occurrences, bio-events and biostratigraphy

Over the last few decades several biozonation schemes based on calcareous nannofossils
have been produced for the Upper Cretaceous {Manwir, 1971 SisSINGH, 1977, VERBEEK,
1977: PercH-NieLsen, 1985: BurneTT, 1998). Manvit (1971}, studying the historical strato-
type of the Santonian (from Saintes, W France) assigned to this stage one nannozone,
using the FOs of Kampinerius magnificus and Broinsonia parca parca. However, later
studies revealed that K. magnificus had its FO in the Turonian, whereas the FO of 8.
parca parca is a Campanian event (RotH, 1978; PercH-NIgLSEN, 1985). SissivcH (1977) also
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Plate 1

Light microscope, magnification x 3200
Figs. 1-2, 4-5, 8, 10, 12-12: cross polarized light. Figs. 3, 6-7. 9, 11, 1415 phase contrast.

Fig. 1: Lucianorhabdus maleformis Remmarot, sample 97/3

Fig. 2: Lucianorhabdus cayeuxii Derlanpre, sample 98/4

Figs. 3, 4 Lucianorhabdus quadrifidus Forchremer, sample 97/5

Fig. 5: Micula decussata Vikskiva, sample 9773

Fig. 6: Watznaueria barnesae (Biack) Perch-Nigtse, sample 97/5

Figs. 7 and 8 Eiffellithus eximius {Stover) PercH-NigLsen, sample 99/1

Fig. 9: Calculites ovalis (Strapns) Prins & Sissivor, sample 97/3

Fig. 10: Prediscosphaera spinosa (Bramierie & Marming GarTner, sample 97/4
Figs. 11 and 12: Quadrum gartneri PRINS & Peror-MNieLsen, sample 97/4

Fig. 13; Caleulites obscurus (DerLanore) Prins & Sissiige, sample 97/10

Fig. 14: Thiersteinia ecciesiastica Wise & Watkins, sample 98/10

Fig. 15: Nannoconus truilli rectanguiaris Denes & AcheriTeGuy, sample 99/5
Fig. 16: Nannoconus truithi truittl Bronmmann, sample 98/7
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investigated the Santonian of the same region of France (Saintes and adjacent areas) and
divided this stage into two nannozones: CC15 and CC16, based on the FOs of Reinhard-
tites anthophorus and Lucianorhabdus cayeuxii, respectively, In his zonation, the
boundary between the Coniacian and Santonian stages appeared to coincide with the
base of CC15. Recent studies (Burnert, 1998) showed that the index species of CC15
Nannozone first occurred in the Turonian. The same author (Burnerr, 1996) recalibrated
the CC Nannozones of SissingH (1977) and put CC15 into the Upper Coniacian to Middie
Santonian interval.

Since Reinhardtites anthophorus, the index species of the CC15 Nannozone, is easily
affected by overgrowth and dissolution, WacreicH {1992) considered that it is inappro-
priate to use this taxon as a marker species. In the Olazagutia section, R. anthophorus
is present frequently from the base of the studied sequence.

Lithastrinus griifii is another nannofossil with a biostratigraphical value present in the
succession. The FO of L. grillii occurrs in the Upper Coniacian according to BusnerT
(1998}. This bio-event defines the base of her UC%1 Nannozone and occurs within the
Micraster coranguinum Echinoid Zone. VaroL (1992) also placed the FO of L. grillii in
the upper part of the Coniacian. It is noteworthy that Wagreick (1992) found the FO of
L. grillii in the Tridorsatum Ammonite Zone (Middle Coniacian) in the Gosau Group of
Austria, i.e. approximately at the same level as the FO of Micula decussata,

In the Olazagutia section, the FO of Lithastrinus grillii ies 15m below the Coniacian/
Santonian boundary (Fig. 2). This bio-event occurs within the Dicarinella concavata
Planktonic Foraminiferal zone. Note that a continuous and persistent occurrence of L.
grillii was previously recognized close to the Coniacian/Santonian boundary, slightly
below the boundary between the Dicarinella concavata and Dicarinella asymetrica
Planktonic Foraminiferal Zones (Lamowpa et al., 1999). However, new sampling has
revealed older occurrences (sample 99-1), as cited above. Nevertheless, the condition of
the exposures and the length of the section studied may not be sufficient to allow the
accurate location of the oldest record of L. grillii in the Olazagutia Quarry. Thus the FO
of L grillii, as shown in Fig. 2, may not be a definitive level.

The next bioevent recorded in the Upper Coniacian deposits from Olazagutia is the
occurrence of Lucianorhabdus cayeuxii, approximately 3m above the FO of Lithastrinus
griflii. In contrast, note that in most Upper Cretaceous nannofossi studies, the FO of
Lucianorhabdus cayeuxii has been recorded in the Santonian (SissivgH, 1977; PercH-
NIELSEN, 1985 WacreicH, 1992 Svasenicka, 1992). BurnerT (1998) correlated this nanno-
floral event with macrofaunal ones, dating the FO of L. cayeuxii as of latest Coniacian
age, older than previously reported. This evidence agrees with our record. Based on the
FO of L. cayeuxii, the boundary between the CC15/CC16 Sissingr's Zones could be
recognized in the Olazagutia section, within the Uppermost Coniacian.

The youngest Coniacian nannofossil event observed in the studied section is the FO
of Calculites obscurus (including its morphotypes), at 3.5m below the Coniacian/
Santonian boundary. Within the Lower Santonian of Olazagutia, at the end of the
occurrence interval of the incceramid Platyceramus undulatoplicalus, the LO of the
nannofossil Lithastrinus septenarius was recorded. This event marked the boundary
between UC11/UC12 Nannozcnes of Burnert (1998).
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5.2. Palaeobiogeography

The Late Coniacian-Early Santonian was characterized by a low nannofossil provincia-
fism, in comparison to other intervals of the Late Cretaceous (e.g. the Campanian stage,
when the differences between nannofloras refated to low-middie latitudes and to high-
northern ones became more pronounced ~ Burnert, 1990; Svasenicika, 1995; Meunte &
Oom, 2001).

Most of the nannofossils occurring around the Coniacian/Santonian boundary inter-
val herein are cosmopolitan taxa, although a small number of them are more related to
low-latitudes than to high ones. A significant component of the nannofloras from the
Olazagutia section is Watznaueria barnesae the most abundant Cretaceous cosmopo-
litan nannofossil. TrizrsTen (1981} indicated that this taxon shows a lfatitudinal distribu-
tion pattern: it is more common at low latitudes, becoming decreasingly common
towards higher latitudes, although it is stifl an important component of high-latitude
nannofloral assemblages.

The presence of nannofossils Lithastrinus grillii and Lithastrinus septenarius, both
identified in the Clazagutia section, indicates, according to Varor {1992), warm to
temperate waters of low-mid latitudes.

Another important component of the assemblages identified in the studied section is
the Nannoconus genus, which reached, at certain levels, >15% of the nannoflora
{Fig. 3). Note that the Upper Cretaceous nannocenids are also believed to be more
related to low-middle latitudes, than to high ones.

in contrast, Kamptnerius magnificus and Gartnerago segmentatum, recorded in-
frequently and discontinuously in samples from Clazagutia, and which are mainly
restricted to the Lowermost Santonian, are usually common to abundant at high latitu-
des (THiErsTEN, 1976), although Thierstem (1981) reported K. magnificus as common also
at low latitudes. Svasenicka {1995) cited the above mentioned taxon as a cold water
species, It is present in the Tethyan Realm, but infrequently, often related to cold water
incursions into lower latitudes (e.g. in the Romanian Carpathians, where a similar
distribution pattern has also been recorded for Reinhardtites anthophorus — MeunTs,
1999).

Note also the high abundance of holococcoliths in the section studied. These taxa are
believed to be more abundant in nearshore and epicontinental areas than in open ocean
ones (Truerstein, 1976; Percu-Nieesen, 1985). This observation is consistent with the
pataeogeographical setting of the Olazagutia section, situated in the Navarro-Cantabri-
an Basin, with sediments deposited on a rapidly sinking shelf.

6. CONCLUSIONS

This study of calcareous nannofossil from the Upper Coniacian-Lower Santonian sedi-
ments in the Clazagutia section (N Spain) revealed diverse assemblages, which can be
assigned to CC15 to CC16 of Sissinvcn's {1977) Biozonation and to UC10 to UC12 in
BurnetT's (1998) scheme.

The Coniacian/Santonian Boundary thus fails into the CC16 and UC11 Nannozones
respectively.
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The stratigraphic order of infegrated events is:

—  FO of nannofossil Lithastrinus grillii — Upper Coniacian;

- FO of nannofossil Lucianorhabdus cayeuxii — Upper Coniacian;

~  FO of nannofossit Calculftes obscurus (including morphotypes) — Uppermost Coniacian;

- FO of inoceramid Platyceramus undulatoplicatus (Conlacian/Santoniar boundary);

— FO of planktonic foraminifera Dicarinella asymetrica - |.owermost Santonian (accor-
ding to Lamowpa et al., 1999);

- FO of planktonic foraminifera Sigafia carpatica — Lower Santonian (according to
Lamoroa et al., 1999},

— LO of nannofossil Lithastrinus septenarius — Lower Santonian.

The section studied is characterized by a high frequency and moderate diversity of

Lucianorhabdus taxa, as well as by a significant increase of Micula concava abundance.

Within the lowermost Santonian, an increasing abundance of Calculites spp. has also

been observed.
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