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Abstract: An analysis of 71 samples from the Zumaya Section of northern Spain ranging in age from Cenomanian
to lower Eocene enabled us to calibrate the biostratigraphic ranges of Deep-Water Agglutinated Foraminifera
(DWATF) to the standard planktonic foraminiferal zonal schemes. Comparison with the standard “Geroch and
Nowak” zonation of DWAF provides further evidence for the supraregional validity of this zonation, as well as
new information on the palaeobiogeography of many of the species first described from the Flysch Carpathians.
The nominate taxa of six of the seven Turonian—Palaeocene DWATF zones defined by Geroch and Nowak (1984)
were observed in their proper stratigraphic succession at Zumaya (the Ammobaculites problematicus, Uvigerina-
mimina jankoi, Goesella rugosa, Hormosina ovulum gigantea, and Spiroplectammina spectabilis zones of Geroch
& Nowak). Only the index taxon of the lower Paleocene Rzehakina fissistomata Zone was not observed, however
this zone may be recognised based on alternate criteria (the last occurrence of Goesella rugosa). The benthic
foraminiferal extinction at the Palacocene/Eocenc boundary is proposed as an alternate criterion to delimit the top
of the Spiroplectammina spectabilis Zone.

Abstrakt: Analiza 71 prébek z profilu Zumaya w pétnocnej Hiszpanii, obejmujacego utwory od cenomanu do
dolnego eocenu, pozwolita na wyznaczenie zasiggdw stratygraficznych glebokowodnych otwornic aglutynuja-
cych oraz na korelacje tych zasiegéw ze standardowa biozonacja oparta na otwornicach planktonicznych. Anali-
zujac zasiggi otwornic aglutynujacych z tego profilu profilu potwierdzono uniwersalny charakter biozonacji
zaproponowanej przez Gerocha i Nowaka (1984) oraz stwierdzono Jej przydatno$é réwniez dla obszaréw pozakar-
packich. Praca dostarcza takze nowych danych z zakresu paleobiogeografii gatunkéw otwornic aglutynujacych,
opisanych z fliszu karpackiego. Badania potwierdzity nastgpstwo stratygraficzne pigciu pozioméw (Ammobaculi-
tes problematicus, Uvigerinammina jankoi, Goesella rugosa, Hormosina ovulum gigantea oraz Spiroplectammina
spectabilis sensu Geroch & Nowak) opartych na gatunkach wyznaczonych jako przewodnie przez Gerocha i
Nowaka (1984). Jedynie gatunek indeksowy dla dolnopaleocenskiego poziomu Rzehakina fissistomata nie zostal
znaleziony w badanym profilu. W pracy zaproponowano zastgpcze kryterium do wyznaczenia poziomu Rzehakina
Jissistomata — zanik gatunku Goesella rugosa. Zanik licznych gatunkéw otwornic bentonicznych na granicy
paleocenu i eocenu moze by¢ dodatkowym kryterium do wyznaczenia gornej granicy poziomu Spiroplectammina
spectabilis.
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INTRODUCTION

The coastal section exposed along the coast of northern
Spain near Zumaya is probably the most complete and ex-
panded section of Upper Cretaceous and lower Palaeogene
deep-water sediments in Europe. Studies of the planktonic
foraminiferal biostratigraphy (Herm, 1965 ; Hillebrandt,
1965; Canudo ef al., 1995) indicate continuous sedimenta-
tion in the coastal section from the lower Campanian to the

lower Eocene. In addition, relatively complete Creta-
ceous/Tertiary and Palaeocene/Eocene boundaries are ex-
posed in the cliff section and have recently been the topic of
detailed studies (Mount & Ward, 1986; Mount ef al., 1986;
Ortiz, 1995).

Because of the possibility of undertaking precise bio-
stratigraphical correlations to the standard planktonic fora-
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Fig. 1. Map of the northern coast of Spain, showing the locali-
ties of the studied sections; 1 — investigated sections

miniferal zonal biostratigraphy, the Zumaya sections offer
the unique opportunity to calibrate the biostratigraphy of the
deep-water agglutinated foraminifera in this mid-latitude
bathyal setting. Previous biostratigraphical studies of the
Upper Cretaceous DWAF from nearby ODP sites on the
Galicia Margin (Moullade et al., 1988; Kuhnt & Collins,
1996) have not been able to directly calibrate the strati-
graphic ranges of agglutinated species owing to the lack of
calcareous microfossils in a sub-CCD setting.

The purpose of this study is to report the stratigraphic
ranges of DWAF in the Zumaya section, and compare our
biostratigraphy to the zonation of agglutinated foraminifera
defined by Geroch and Nowak (1984) from the Polish Car-
pathiansl. The Geroch and Nowak Zonation was previously
accepted by a working group of IGCP Project 262 (Tethyan
Cretaceous Correlation) as the working hypothesis against
which other biostratigraphical schemes are to be tested. This
comparison with the biostratigraphical succession in the
Outer Carpathians provides new data on the palaeobio-
geography of DWAF and their utility for biostratigraphy in
areas outside the Carpathians.

STUDY AREA

The Basque Basin is one of the sedimentary basins
along the North Iberian continental margin of the Bay of
Biscay. The formation of these basins owes largely to the
Cretaceous strike-slip tectonics associated with the Iberian
rotation, which resulted in trench basins (Schwentke &
Kuhnt, 1992). In this study, we present the stratigraphic dis-
tribution of DWAF in the Cenomanian to lower Eocene of
the Zumaya Section, situated along the southern coast of the
Bay of Biscay.

The Zumaya section consists of turbidites and deep-
water limestones, and is continuously exposed along the
base of the sea cliff from Punta Aitzuri to San Telmo beach
in Zumaya. The sediments at Zumaya were deposited in a
subsiding flysch trough below the wave base, but above the
lysocline. Estimates of the water depth vary from 250-500
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Fig. 2.  Stratigraphic profile of the Upper Cretaceous to Paleo-

cene of the Zumaya Section, with the ranges of stratigraphically
important taxa observed in this study

m during the Cenomanian—Turonian (Schwentke & Kuhnt,
1992) to 1000 m during the later part of the Cretaceous
(Herm, 1965), and perhaps even deeper during the Palaeo-
cene. Ortiz (1995) noted that the calcareous benthic
foraminifera in the upper Palacocene part of the section re-
semble a typical “Velasco-type” fauna, and assigned a lower
bathyal palacodepth. The planktonic foraminiferal biostrati-
graphy of the sections has been studied by Herm (1965) for
the Upper Cretaceous and by Hillebrandt (1965) for the Pal-
aeocene. Canudo et al. (1995) studied the planktonic fora-
minifera across the Palacocene/Eocene boundary. Prelimi-
nary studies of the DWAF from the section initially carried
out by Kaminski (1988), Schwentke and Kuhnt (1992), and
by Kuhnt and Kaminski (1993). Ortiz (1995) studied the
benthic foraminifera across the Palaeocene/Eocene transi-
tion at the top of the exposed section.

Sample localities

The 71 samples examined in this study were collected
from Punta Aitzuri to the top of the beach outcrop at San
Telmo (sections 1, 3, 4, and 5 in Fig. 1). For the Coniacian—
Santonian interval, which is lacking at the beach section due

1 This study is dedicated to the memory of our beloved teacher and co-worker Stan Geroch. One of us (MAK) recalls an occasion when Stan was presented
with a few samples from Zumaya which an associate from Krakow had collected during one of the many geological field trips to the area. Stan was
delighted to see so many of “his” favourite species in the material, and certainly would have liked to have the opportunity to examine the section in
greater detail. We are pleased to present this synthesis of biostratigraphical data from Zumaya as a validation of Stan’s work on the use of Deep-Water
Agglutinated Foraminifera as zonal indicators both in the Carpathians and for stratigraphical correlation in other areas.
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to a fault, an inland section along the road SS-V-1336 from
Iciar to the Playa Zaconeta (section 2) has been sampled
(Jonczyk, 1990). The composite lithological section from
the Cretaceous part of the outcrop is shown in Figure 2. The
base of the studied section is represented by a major fault.
This section extends from the Turonian to the top of the
Danian limestones. Overlying the Danian calciturbidites at
Punta Aitzgorri, the upper Palaeocene to lower Eocene out-
crop at San Telmo consists mostly of distal siliciclastic tur-
bidites and associated marls. The samples reported in the
Palacocene part of the section correspond to the sample
numbers of Hillebrandt (1965), who provided a detailed
drawing of this part of the outcrop. The Palaeocene/Eocene
boundary is exposed in the roadcut leading to the beach
house, and is present as a characteristic dissolution horizon
represented by grey claystone. For this part of the section,
the data is compiled from Ortiz (1995), who studied 29
closely-spaced samples across the Palacocene/ Eocene tran-
sition (Zones P4 to P6b).

METHODS

Samples were disaggregated using standard micropa-
laeontological techniques, and foraminifera were mounted
on cardboard slides for microscopic examination. Identifica-
tions of the species are based on the work of Geroch and
Nowak (1984), Kaminski et al. (1988), Kuhnt (1990),
Kuhnt and Kaminski (1990), Kuhnt and Moullade (1991),
Kaminski and Geroch (1993), and Kaminski ef al. (1996).
Data compiled from the Palaeocene/Eocene boundary study
of Ortiz (1995) was standardized to our own taxonomical
concepts. The planktonic foraminiferal zonation adopted for
this study is that of Caron (1985) for the Cretaceous, and
Berggren and Miller (1988) for the Palaeocene. Microfaunal
slides are housed in the authors’ collections.

RESULTS

Our analysis of the Turonian to lower Eocene succes-
sion in the Zumaya section yielded over 95 species and
taxonomic groups of deep-water agglutinated foraminifera
(Table 1). The whole succession contains foraminiferal as-
semblages typical of the “low to mid-latitude slope” DWAF
biofacies of Kuhnt ef al. (1989); Figs. 3—7. This biofacies is
characterised by varying admixtures of calcareous benthic
and planktonic foraminifera, and the DWAF include many
calcareous-cemented forms such as ataxophragmiids. The
presence of calcareous-cemented species belonging to the
genera Clavulinoides, Dorothia, Gaudryina, and Marsso-
nella contribute to the overall high diversity observed in the
samples.

At the base of the studied section, the Cenomanian to
basal Coniacian samples contain only sparse foraminifera.
In our Turonian sample, the index species Bulbobaculites
problematicus (Neagu) was observed. Above this level,
samples collected from the Coniacian in the Iciar—Punta Za-
coneta Road section contain common Uvigerinammina
Jankoi (Majzon). This species ranges into the lowermost
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Campanian in this section. The first occurrence of Clavuli-
noides subparisiensis (Grzybowski) was also found in the
Coniacian.

Near the base of the lower Campanian, the first occur-
rences of Spiroplectammina ex gr. dentata (Alth) and Goe-
sella rugosa (Hanzlikova) are observed. This species is
found sporadically in samples throughout the Campanian
and Maastrichtian. Species diversity increases in the lower
part of the middle Campanian when the first consistent oc-
currence Caudammina ovula (Grzybowski) is observed. Di-
versity again increases in the lower part of the upper Maas-
trichtian, when many of the typical “flysch-type” organi-
cally cemented agglutinated species appear in the section or
become more common. One distinctive event is the FO of
Remesella varians (Glaessner) in the upper Maastrichtian.

The Cretaceous/Tertiary boundary at Punta Aitzgorri is
characterised by an assemblage dominated by organically
cemented taxa such as Ammodiscus, Aschemocella, Subreo-
phax, Recurvoides, and the tubular forms Bathysiphon and
Rhizammina. Significantly, the LOs of Goesella rugosa and
Clavulinoides subparisiensis are both associated with this
horizon.

Above the K/T boundary, the DWAF assemblages from
the lower Danian carbonate-rich sediments still contain
common calcareous-cemented forms such as Arenobulimi-
na, Clavulinoides and Dorothia. However, higher in the
Danian the calciturbidites exposed in the beach outcrop at
San Telmo are replaced by more terrigenous sediments, and
the organically-cemented flysch-type forms become domi-
nant. The LO of Spiroplectammina ex gr. dentata is ob-
served in Zone P1b. The Paleocene assemblages above this
level are dominated by tubular forms such as Rhabdam-
mina, Rhizammina, Nothia, and organically cemented taxa
such as Saccammina placenta (Grzybowski), Psammos-
phaera spp., Recurvoides spp, and Paratrochamminoides
spp. The DWAF assemblages contain greater proportions of
taxa that are typical of greater water depths, and bear a
greater resemblance to the Palacocene “Lizard Springs”
fauna, which is interpreted as representing lower bathyal
depths (Kaminski ef al., 1988). In his study of the calcare-
ous benthic foraminifera, Ortiz (1995) also assigned a lower
bathyal paleodepth to the uppermost Palaeocene part of the
San Telmo outcrop.

A number of first occurrences are observed in the Pa-
leocene. The FO of Spiroplectammina navarroana (Cush-
man) was observed in Zone Plc, but as this species is known
from older strata in other sectors of the North Atlantic, it is
likely that its appearance in Zumaya is associated with the
facies change. A stratigraphically significant morphotype of
Haplophragmoides that is transitional between Haplo-
phragmoides walteri (Grzybowski) and Reticulophrag-
moides jarvisi (Cushman & Renz) is first observed in Zone
P3b. This H. walteri/R. jarvisi transitional form has also
been observed in Zone P4 in the Lizard Springs Formation,
and it also occurs in the upper Palacocene of the North Sea
and Norwegian Sea. Also occurring at this level is the FO of
Dorothia beloides (Hillebrand), a species first described
from the Palaeocene of the Gosau unit in Austria. Surpris-
ingly, the species Spiroplectammina spectabilis (Grzy-
bowski) is rare in the studied samples, and its FO was not
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Table 1

Occurrence of agglutinated Foraminifera in the investigated samples

SAMPLE 332 ZUM 134 135 136 138 145 53 67 312 356 344 344 346 360 365 ZUM 34S 44 54 184 325 334 352 353 367 368 371 374 404 407 438 323 324 35 47 152 330
59 TUR 1 61 16 62N 95 84 18 65N 92 77T 77M 82 96 98 9 3 8 85 24 53 64N 90 91 100 101 105 111 128 130 133 50 52 4 57 19 58
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Clavulinoides amorpha P . . . . L.
Clavulinoides aspera
Clavulinoides gaultinus
Clavulinoides globulifera
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Cribrostomoides spp.
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Glomospirella spp.

Goesella rugosa
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£ Karrerulina horrida E
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F
Paratrochamminoides acervulatus
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Popovia elegans
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Pseudobolivina sp. . C O R R L R
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Recurvoides gerochi
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Tritaxia spp. . R
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Fig.3,  SEM micrographs. A. Ammodiscus cretaceus, sample ZUM-6/1, G. gansseri Zone: B. Ammodiscus peruvianus, sample
ZUM-6/1, G. gansseri Zone; C, Glomospirella gaultina, sample 135-61, M. sigali — D. concavata Zone; D. Ammodiscus cf. pennyi,
sample 135-61, M. sigali — D. concavata Zone; E. Glomospira serpens, sample ZUM-6/1, G. gansseri Zone; ¥, Saccammina cf. placenta;
sample 327-55, G. gansseri Zone: G. Lituotuba lituiformis, sample ZUM-6/1, G. gansseri Zone; H. Glomospira irregularis, sample
ZUM-6/1, G. gansseri Zone; ¥. Caudammina ovulum, sample ZUM-6/1, G. gansseri Zone; J. Subreophax cf. splendidus, sample 327-55,

G. gansseri Zone; K. Hormosina velascoensis, sample 327-55, G. gansseri Zone; L. Hormosina velascoensis, sample ZUM-6/1, G.
gansseri Zone; M. Hyperammina dilatata, sample Ma-42, Danian; N. Hyperammina dilatata, sample Ma-42, Danian, Length of scale bar
—200 um
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Fig. 4. SEM micrographs. A. Bulbobaculites problematicus, sample ZUM-TUR, M. sigali Zone; B-C. Bulbobaculites problematicus,
sample ZUM-TUR, M. sigali Zone; D. Ammobaculites cf. jarvisi, sample 369-103, 4, mayaroensis Zone; E. Ammobaculites sp.. sample
ZUM-KTI, G. eugubina Zone; F-H. Ammobaculites sp. 3, sample ZUM-KT1, G. eugubina Zone; 1. Subreophax cf, scalaris, sample
ZUM-6/1, G. gansseri Zone; J. Reophax sp.; sample ZUM-6/1, G. gansseri Zone; K. Pseudobolivina sp., sample 135-61, M. sigali - D.
concavata Zone, L. Verneuilinioides polysirophus, sample 135-61, M. sigali — D. concavata Zone; M. Karreriella horrida, sample
145-95, M. sigali - D. concavata Zone. Length of scale bar — 200 um
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Fig.5,  SEM micrographs. A. Ammosphaeroidina pseudopauciloculata, sam

pseudopauciloculata, sample 369-103, 4. mayaroensis Zone; C, Ammosphaeroidina pseudopauciloculata, sample ZUM-6/2, G. gansseri
Zone; D. Haplophragmoides cf. walteri, sample 135-61, M. sigali — D. concavata Zone; E-F. Haplophragmoides sp. 2, sample 135-61,
M. sigali — D. concavata Zone; G. Haplophragmoides sp. 323-50, sample 323-50, G. calcarata Zone; H. Cribrostomoides trinitatensis,
sample Ma-42, Danian; I-J. Haplophragmoides sp. 2, sample Ma-42, Danian; K. Recurvoides sp., sample 135-61, M. sigali — D.
concavata Zone, L. Uvigerinammina jankoi, sample 135-61, M. sigali — D. concavata Zone. Length of scale bar — 200 pm

ple 328-58, 4. mayaroensis Zone: B. Ammosphaeroidina
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Fig. 6.  SEM micrographs. A. Paratrochamminoides heteromorphus, sample 327-55, G. gansseri Zone; B. Trochamminoides cf.
dubius, sample 135-61, M. sigali — D. concavata Zone; C. Trochamminoides cf. proteus, sample ZUM-6/1, G. gansseri Zone; D.
Trochamminoides proteus, sample ZUM-6/1, G. gansseri Zone; E. Paratrochamminoides sp., sample 327-55, G. gansseri Zone; F.
Trochammina cf. deformis, sample ZUM-6/1, G. gansseri Zone, G. Trochammina globigeriniformis, sample Ma-42, Danian; H.
Trochammina globigeriniformis, sample ZUM-6/1, G. gansseri Zone; I-J. Trochammina globigeriniformis, sample 135-61, M. sigali — D.
concavata Zone; K. Clavulinoides eggeri, sample 356-92, M. sigali — D. concavata Zone; L. Clavulinoides eggeri, sample 34S-3, G.
ventricosa Zone; M. Tritaxia sp., sample 34S-3, G. ventricosa Zone; N-O. Dorothia retusa, sample 34S-3, G. ventricosa Zone. Length of
scale bar — 200 pm

10 — Annales...
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Fig.7.  SEM micrographs. A. Goesella rugosa, sample ZUM-6/1, G. gansseri Zone;
Zone; C. Goesella sp., sample 369-103, A. mayaroensis Zone; D. Gaudryina sp. (coarse), sample ZUM-6/1, G. gansseri Zone; E.
Remesella varians, sample ZUM-6/1, G. gansseri Zone; ¥-G. Remesella varians, sample 369-103, A. mayaroensis Zone; H-1, Gaudryina
pyramidata, sample 360-96, G. elevata Zone; J. Gaudryina cretacea, sample 368-101, G. ventricosa Zone; K. Remesella varians, sample

Ma-42, Danian; L. Spiroplectammina israelskyi, sample Ma-42, Danian; M. Spiroplectammina dentata, sample ZUM-6/1, G. gansseri
Zone; N-O. Dorothia crassa, sample ZUM-6/ 1, G. gansseri Zone. Length of scale bar — 200 pm

B. Goesella rugosa, sample ZUM-6/2, G. gansseri
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observed until the upper part of Zone P4. Likewise, the ge-
nus Rzehakina occurs very rarely in our samples. Both
forms are common in the upper Palacocene in Trinidad and
in the Flysch Carpathians, but their stratigraphic occurrence
is much restricted at Zumaya.

The Palaeocene/Eocene boundary is represented by a
20 cm thick dark-grey shale layer, overlain by 4 m of red
clay. The dark-grey shale layer represents a dissolution hor-
izon that corresponds to the benthic foraminiferal mass ex-
tinction and the delta '>C shift (Ortiz, 1995), which are used
to delimit the P/E boundary in deep sea cores. In his study of
the benthic foraminiferal extinction at Zumaya, Ortiz (1995)
reported that the total benthic foraminifera diversity drops
by 94% (from 74 to 4 species) across the grey shale layer.
Below the grey shale layer, the upper Palaeocene assem-
blages contain the typical flysch-type forms such as Gau-
dryina pyramidata Cushman, Dorothia retusa (Cushman),
Clavulinoides amorpha (Cushman), Remesella varians
(Glaessner), S. spectabilis (Grzybowski), Cribrostomoides
trinitatensis Cushman & Jarvis, Saccammina placenta
(Grzybowski), Hormosina velascoensis (Cushman), Caud-
ammina ovuloides (Grzybowski), and Trochamminoides
spp. The extinction of Caudammina spp., Clavulinoides
amorpha (Cushman), C. globulifera (Ten Dam & Sigal),
Dorothia retusa, Remesella varians, Rzehakina epigona
(Rzehak), and Trochamminoides proteus (Karrer) were ob-
served at or just slightly below the grey shale layer, along
with the extinction of numerous Paleocene calcareous ben-
thic taxa. Following the benthic extinction in the interval of
low delta '3C values, the agglutinated foraminifera consist
of small, thin-walled species of Haplophragmoides spp.,
Glomospira charoides (Jones & Parker), and Trochammina
spp. Above the dissolution horizon, the lowermost Eocene
(upper part of Zone P6a and lowermost part of Zone P6b)
agglutinated assemblages are characterised by successive
peaks of Karrerulina conversa (Grzybowski) and Glomos-
pira charoides. Other Eocene survivors include Ammodis-
cus glabratus Cushman & Jarvis, Haplophragmoides wal-
teri (Grzybowski), Lituotuba lituiformis (Brady), Saccam-
mina  grzybowskii (Schubert), Spiroplectammina navar-
roana (Cushman), S. spectabilis (Grzybowski), Trochammi-
naa ltiformis Cushman & Renz, and Trochamminoides sub-
coronatus (Grzybowski) (Ortiz, 1995).

COMPARISON WITH THE “GEROCH
AND NOWAK ZONATION?”

The stratigraphical succession of index species at Zu-
maya displays many features in common with the zonation
for the Silesian Nappe of the Outer Carpathians defined by
Geroch and Nowak (1984). This zonation has served as a
biostratigraphical standard for numerous additional studies,
both in the area of the Carpathians (e.g., Bubik, 1995) and in
different regions of the North Atlantic and western Tethys
(e.g., Kaminski ef al., 1989; Kuhnt, 1990; Kuhnt & Moul-
lade, 1991; Coccioni et al., 1995).

In the Zumaya sections, we observe the most of the es-
sential index taxa of the Turonian to Palaeocene zones es-
tablished by Geroch and Nowak, although there are some
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Fig.8. A comparison between the succession of DWAF zones

observed at Zumaya, with the zonation of Geroch & Nowak (1984)

notable differences (Fig. 8).

The species Bulbobaculites problematicus was ob-
served in our single Turonian sample. This is the nominate
taxon of Geroch and Nowak’s “A. problematicus Zone”, a
partial range zone which is of middle Cenomanian to early
Turonian age in the Polish Carpathians. Its occurrence at
Zumaya means it possesses a wide bathymetric distribution,
as it also occurs commonly in the Turonian at ODP Site 641
off Galicia Bank, which was beneath the CCD at the time.

The interval between the FO of Uvigerinammina jankoi
and the FO of Goesella rugosa defines the upper Turonian
to Santonian U. jankoi Zone of Geroch and Nowak. Uviger-
inammina jankoi was observed in proper sequence in the
Coniacian of the Zumaya sections. However, it is known to
range upwards from the Turonian in other areas. We have
found this species at numerous localities, both in the North
Atlantic DSDP/ODP sites and in commercial wells drilled

S—
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along the North Atlantic margins. It is a very useful zonal
indicator in the most areas.

The FO of Goesella rugosa was observed at the base of
the Campanian, in full agreement with the Geroch and
Nowak Zonation. Its occurrence in the North Atlantic sec-
tor, however, seems to be linked to the occurrence of cal-
cium carbonate in sediments. It is a calcareous-cemented
form, and is not found beneath the CCD in the abyssal North
Atlantic DSDP/ODP sites.

The Caudammina ovula group occurs consistently and
becomes common in samples in the middle part of the mid-
dle Campanian. The FO of Caudammina gigantea (Geroch)
marks the base of the mid Campanian to Maastrichtian “H.
ovulum gigantea Zone” of Geroch and Nowak. While we
did not separate the larger C. gigantea from the smaller C,
ovulum in this study, we note that the group occurs in its ex-
pected position. Another stratigraphically important event
which may be used to subdivide the “H. ovulum gigantea
Zone” is the FO of Remesella varians. In Zumaya, this event
occurs in the upper Maastrichtian. This species has been ob-
served in the middle Maastrichtian at several localities, such
as Gubbio (Kuhnt, 1990) and at DSDP Sites 385 and 398
(Kuhnt & Moullade, 1991). Kuhnt and Moullade defined a
middle-upper Maastrichtian R. varians Zone based on its
first occurrence.

At Zumaya, the nominate species of Geroch and
Nowak’s lower Palacocene “Rzehakina fissistomata Zone”
was not observed. Only sporadic occurrences of rzehakinids
were found in the upper Maastrichtian and Palaeocene part
of the succession, and these are more similar to the type spe-
cies of the genus, R. epigona. In general, R. fissistomata is
rare in the North Atlantic. However, the “R. fissistomata
Zone” can still be recognised at Zumaya based on alternate
criteria. Geroch and Nowak regarded the LO of Goesella ru-
gosa to coincide with the K/T boundary (the base of the “R.
Jissistomata Zone”) in the Polish Carpathians. This is in full
agreement with our observations at Zumaya.

Spiroplectammina spectabilis has a curious palacobio-
geographical occurrence in the eastern Atlantic and Tethys.
Its FO defines the base of Geroch & Nowak’s Thanetian S.
spectabilis Zone in the Polish Carpathians. Its FO was re-
corded as upper Maastrichtian in Trinidad by Kaminski ez
al. (1988). It is certainly abundant in the upper Palacocene
in the North Sea and west of Shetlands, but it was not ob-
served in our Palacocene—lower Eocene samples from the
Talaa Lakhra flysch from northern Morocco (Kaminski et
al., 1996), or in the Palacocene—Eocene at ODP Sites 897,
899, and 900 on the Iberia Abyssal Plain (Kuhnt & Collins,
1996). In Zumaya, its occurrence is rare and discontinuous.
We observed it in our samples from Zones P4 and P5. It dis-
appeared at the Palaeocene/Eocene boundary, then reap-
pears in small numbers in lower Eocene Zone P6b (Ortiz,
1995).

We prefer to use the terminal Palaeocene benthic ex-
tinction to define the top of the upper Palacocene S. specta-
bilis Zone for a number of reasons. Firstly, at this level a
large number of cosmopolitan deep-water benthic foramini-
fera become extinct. Secondly, the nominate species of Ge-
roch and Nowak’s “Saccamminoides carpathicus Zone” has
never been observed outside the Flysch Carpathians. There
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are multiple criteria that can be used to recognise the top of
the S. spectabilis Zone, both within the Carpathians and in
the Tethyan—North Atlantic province, including a size re-
duction in the agglutinated foraminifera, a shift in the pro-
portions of morphogroups (Kaminski et al., 1996), and a
sharp decrease in diversity (Ortiz, 1995). In many areas, the
lower Eocene assemblages reflect more oligotrophic condi-
tions and are characterised by taxa such as Karrerulina and
Glomospira.

CONCLUSIONS

The biostratigraphic succession of DWAF in the Zu-
maya section of northern Spain allows us to recognise many
of the Coniacian to Palacocene zones originally defined by
Geroch and Nowak (1984).

The Uvigerinammina jankoi PRZ, Goesella rugosa
PRZ, Hormosina ovulum gigantea PRZ were all observed in
their proper succession, and directly calibrated to the stand-
ard planktonic foraminiferal biostratigraphy in the Zumaya
Section. Owing to the lack of two index taxa from the
Geroch and Nowak Zonation (Rzehakina fissistomata and
Saccamminoides carpathicus), alternative critera are pro-
posed to delimit the bases of these zones. We conclude that
the Geroch and Nowak Zonation can be used as an excellent
working model for “mixed assemblages” characteristic of
low to mid-latitude slope marl DWAF biofacies, even in ar-
eas that are geographically removed from the Polish Carpa-
thians. With few notable exceptions, the index taxa chosen
by Geroch and Nowak for their biostratigraphical scheme
are cosmopolitan taxa that have a wide geographical and pa-
laeoecological distribution.
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Streszczenie

GLEBOKOWODNE OTWORNICE
AGLUTYNUJACE Z OSADOW W PROFILU
ZUMAYA, W POLNOCNEJ HISZPANII
(CENOMAN-EOCEN)

Wolfgang Kuhnt & Michael A. Kaminski

Odslonigcia w rejonie Zumaya, w pétnocnej Hiszpanii stano-
wig prawdopodobnie najbardziej kompletne profile gtebokowod-
nych osadow gérnej kredy i dolnego paleogenu w Europie.
Potwierdzono to w badaniach zespoléw otwornic planktonicznych
(Herm, 1965; Hillebrandt, 1965; Canudo et al., 1995). Daje to
podstawe do kalibracji zasiggdéw réznych grup mikrofauny, w tym
glebokowodnych otwornic aglutynujacych, zasiedlajacych $rodo-
wiska batialne. Kalibracja taka byta gléwnym celem tych studiow.
Przedstawiono ponadto poréwnanie wyréznionych pozioméw bio-
stratygraficznych z zonacjg zaproponowang przez Gerocha i No-
waka (1984) dla polskich Karpat fliszowych.

Badane osady byly deponowane w basenie baskinskim, polo-
zonym wzdluz péinocnej krawedzi kontynentalnej w rejonie Za-
toki Biskajskiej. Profile osadéw w rejonie Zumaya sa reprezento-
wane przez turbidity klastyczne i glgbokowodne osady weglano-
we. Ich sedymentacja miata miejsce poczatkowo (cenoman—turon)
na glebokosci 250-500 m (Schwentke & Kuhnt, 1992), pdzniej
(koniak—mastrycht) na glgbokosci okoto 1000 m (Herm, 1965). W
paleogenie basen ulegl dalszemu poglebieniu (Ortiz, 1995).

Analizowano 71 probek w pigciu odcinkach profilu, obejmu-
jacych utwory od cenomanu do dolnego eocenu (Fig. 1). Pelny li-
tologiczny profil osadéw obejmujacy ich odcinek kredowy przed-
stawiono na Fig. 2. Oznaczono ponad 95 gatunkéw glgbokowod-
nych otwornic aglutynujacych (Table 1). Reprezentujg one biofa-




cje ,,sktonu kontynentu dla niskich i érednich szerokosci geogra-
ficznych” (Kuhnt er al., 1989). Zespoty charakteryzuje liczna
obecnos¢ form o szkielecie Scementowanym weglanem wapnia,
np. nalezacych do nadrodziny Ataxophragmiacea, z rodzaju Cla-
vulinoides, Dorothia, Gaudryina i Marssonella,

Zespoly cenomanu, turonu j dolnego koniaku zawieraly nie-
liczne otwornice aglutynujace. W osadach turonu oznaczono Bul-
bobaculites problematicus (Neagu). W mtodszych (koniak), licz-
nie wystepuje Uvigerinammina jankoi (Majzon), ktéra sigga w
tym profilu do najnizszej czgsci kampanu. W utworach koniaky
stwierdzono pierwsze pojawienie sie Clavulinoides subparisiensis
(Grzybowski).

W poblizu granicy santon/kampan po raz pierwszy pojawit si¢
gatunek Spiroplectammina ex gr. dentata (Alth) oraz Goesella ri-
gosa (Hanzlikova). Ten ostatni byt znajdowany w osadach kam-
panu i mastrychtu. Zréznicowanie gatunkowe wsréd otwornic
aglutynujacych zwiekszyto sie na poczatku $rodkowego kampanu.
W osadach tego wieku odnotowano pierwsze pojawienie sie Cau-
dammina ovula (Grzybowski). Ponowny wzrost zréznicownania
taksonomicznego mial miejsce w mlodszej czesci p6Znego mastry-
chtu. Wtedy po raz pierwszy pojawily sie otwornice z gatunku Re-
mesella varians (Glaessner).

Granicg kredy i trzeciorzedu charakteryzuje obecnos¢ form o
szkielecie z cementem organicznym, takich Jjak: Ammodiscus,
Aschemocella, Subreophax, Recurvoides i obecnosé form rurko-
watych. Z ta granica wigze si¢ ostatnie pojawienie Goesella ri-
gosa i Clavulinoides subparisiensis.

Powyzej granicy K/T (dolny dan), zespol glebokowodnych
otwornic aglutynujacych charakteryzuje liczna obecnogé form o
cemencie weglanowym, nalezacych do Arenobulimina, Clavul;-
noides i Dorothia. W g6rym danie, dominowata sedymentacja bar-
dziej klastyczna, i tym samym ulegt zmianie zespot otwornic aglu-
tynujacych, z dominujgcymi formami o cemencie organicznym. W
poziomie P1b zaobserwowano ostatnie pojawienie si¢ Spiroplec-
fammina ex gr. dentata. Mlodsze osady paleocenu sq zdominowa-
ne przez formy rurkowate z rodzaju Rhabdammina, Rhizammina,
Nothia oraz formy o cemencie organicznym, ‘takie jak Saccam-
mina placenta (Grzybowski), Psammosphaera spp., Recurvoides
Spp. oraz Paratrochamminoides Spp. Zespoly te zawieraja wigkszy
udziat otwornic znanych z glebszych srodowisk (dolny batiat), jak
na przykiad opisane przez Kaminskiego ez al. (1 988) z osad6w pa-
leocenu z “Lizard Springs”.

W paleocenie udokumentowano ponadto szereg pierwszych
pojawien sie otwornic glebokowodnych. Dotyczy to Spiroplec-
tammina navarroana (Cushman) (od poziomu Plc), form posred-
nich pomiedzy Haplophragmoides walteri (Grzybowski) i Reti-
culophragmoides jarvisi (Cushman et Renz) (od poziomu P3b)
oraz. Dorothia beloides (Hillebrand). Gatunek Spiroplectammina
spectabilis (Grzybowski) jest rzadki w badanych osadach i jego
pierwsze pojawienie si¢ udokumentowano dla osadéw z gornej
czgsei poziomu P4, Podobnie, bardzo rzadkie sg formy z rodzaju
Rzehakina, ktére znane sa z licznych wystapien w g6rnym paleo-
cenie w Karpatach fliszowych.

Granica paleocen/eocen Jest wyksztatcona jako 20 cm migz-
szosci pakiet ciemoszarych hapkow. Reprezentuja one poziom roz-
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puszczania weglanowej mikrofauny, podkreslony gechemicznie
przez duza amplitude e (Ortiz, 1995) i odpowiadaja okresowi
wielkiego wymierania otwornic bentonicznych. W profilu Zu-
maya, Ortiz (1985) udokumentowat spadek zréznicowania gatun-
kowego bentosu otwornicowego o 94% (z 74 do 4 gatunkow).

Ponizej horyzontu ciemoszarych tupkéw, gornopaleoceriska
fauna zawiera formy chrakterystyczne dla sedymentacji turbidy-
towej. Nalezg one do gatunkéw: Gaudryina pyramidata Cushman,
Dorothia retusa (Cushman), Clavulinoides amorpha (Cushman),
Remesella varians (Glaessner), S. spectabilis (Grzybowski), Cri-
brostomoides trinitatensis Cushman et Jarvis, Saccamming pla-
centa (Grzybowski), Hormosina velascoensis (Cushman), Cauda-
mmina ovuloides (Grzybowski) i Trochamminoides spp. Nieco
ponizej granicy paleocen/eocen lub W jej obrebie odnotowano
ostatnie pojawienia Caudammina spp., Clavulinoides amorpha
(Cushman), C. globulifera (Ten Dam et Sigal), Dorothia retusa,
Remesella varians, Rzehakina epigona (Rzehak) i Trochammi-
noides proteus (Karrer). Powyzej tego horyzontu, w osadach o ni-
skiej wartodei delta 3C otwornice aglutynujace stanowiag formy
male i cienko$cienne, nalezace do Haplophragmoides spp., Glo-
mospira charoides (Jones et Parker) i Trochammina spp. Mtodsze
zespoly (powyzej granicy P6a/P6b) charakteryzuje bardzo liczna
obecno$¢ Karrerulina conversq (Grzybowski) i Glomospira
charoides, z podrzednie wystepujacymi Ammodiscus glabratus
Cushman et Jarvis, Haplophragmoides walteri (Grzybowski), Li-
tuotuba lituiformis (Brady), Saccammina grzybowskii (Schubert),
Spiroplectammina navarroana (Cushman), S. spectabilis (Grzy-
bowski), Trochammina altiformis Cushman et Renz i Trochammi-
noides subcoronatus (Grzybowski) (Ortiz, 1995).

Sukcesja stratygraficznie istotnych taksonéw otwornic aglu-
tynujacych w profilu Zumaya jest bardzo podobna do sukcesji
tych samych gatunkéw w Karpatach fliszowych (Fig. 3), udoku-
mentowanej przez Gerocha i Nowaka (1984).

Badania potwierdzity nastgpstwo stratygraficzne pigciu po-
zioméw (Ammobaculites problematicus, Uvigerinammina Jankoi,
Goesella rugosa, Hormosina ovulum gigantea oraz Spiroplectam-
mina spectabilis sensu Geroch i Nowak) opartych na gatunkach
wyznaczonych jako przewodnie przez Gerocha i Nowaka (1984).
Jedynie gatunek indeksowy dla dolnopaleocenskiego poziomu
Rzehakina fissistomata nie zostat znaleziony w badanym profilu.
W pracy zaproponowano zastgpeze kryterium do wyznaczenia
poziomu Rzehakina Sissistomata, to jest — zanik gatunku Goesella
rugosa. Zanik licznych gatunkéw otwornic bentonicznych na gra-
nicy paleocenu i eocenu moze by¢ dodatkowym kryterium do
Wyznaczenia gérnej granicy poziomu Spiroplectammina spectabi-
lis.

Wedtug autordw, zonacja zaproponowana przez Gerocha |
Nowaka (1984) moze by¢ doskonatym modelem uzywanym w
pracach biostratygraficznych dla analizy batialnych osadow depo-
nowanych w basenach potozonych w niskich i §rednich szerokos-
ciach geograficznych, nawet gdy badane osady pochodza z obsza-
16w znacznie oddalonych od polskich Karpat fliszowych. Z nie-
licznymi wyjatkami, taksony indeksowe wybrane do tej zonacji
przez Gerocha i Nowaka reprezentowaly formy kosmopolityczne i
mialy szerokie rozprzestrzenienie paleobatymetryczne.




